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Introduction

Language is the foundation of human society, 
wherein each community creates and maintains its 
own system of conventions for negotiating social 
interactions and the sharing of ideas. Every human 
language comprises a complex, hierarchically 
structured system of symbols used for purposes of 
communication—systems that, despite their com-
plexity, are all readily learnable by children in their 
first years of life. Hearing and deaf children alike 
acquire language, either spoken or signed, while 
engaging socially with others and they become 
proficient conversationalists at remarkably young 
ages. Nevertheless, whereas most children acquire 
language with ease, many children show impair-
ments in acquiring aspects of language and/or lit-
eracy, with cascading effects on the development 
of social, cognitive, and academic skills. 

Through cleverly designed studies, researchers 
have shown that language learning and devel-
opment begins in utero and extends well into 
adulthood—encompassing increasingly complex 
linguistic representations, sophisticated conver-
sational skills, inferential abilities, and concep-
tual knowledge. Whereas the communicative 
exchanges of young infants and caregivers mostly 
revolve around issues of physical comfort and 
rapport, infants over the first year of life come to 
grasp that speakers’ utterances convey their social 
intentions and that words can be used referentially 
to draw attention to things in the world. From the 

onset, children’s linguistic knowledge follows the 
power law of practice, with accumulated knowl-
edge facilitating the processing of unfamiliar 
words and phrases, and with expertise diminish-
ing the child’s attention to features of unfamiliar 
languages. Language development undergoes fur-
ther dramatic growth during the school years and 
beyond, as children take on reading, writing, and 
rhetoric, and display varying levels of mastery of 
the complexities of language usage into adulthood.

In recent years, major advances have been made 
in understanding how children acquire the formal 
properties of the ambient languages to which they 
are exposed, with research identifying biological, 
sociocultural, cognitive, and evolutionary mecha-
nisms that underlie learning processes. Still, many 
questions remain unanswered with respect to the 
extent to which language development unfolds 
similarly across cultures, the universality of the 
various properties of languages, the domain-
specificity or generality of the social and cognitive 
processes supporting language usage, the impact 
of acquiring a specific language or multiple lan-
guages on cognition, and the sources of individual 
differences in language learning trajectories and 
outcomes. These topics are among those consid-
ered by contributing authors to this volume.

Language development continues to be of aca-
demic interest to an interdisciplinary group of 
scholars attempting to integrate the diversity of 
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research findings into coherent theories that drive 
further research. In addition to theoretical signifi-
cance, research findings are of paramount inter-
est to practitioners, including the speech-language 
pathologists, pediatricians, and educators faced 
with the tasks of evaluating the language learning 
trajectories of individual children, and of devising 
clinical and educational interventions that facili-
tate language development. Given the theoretical 
and practical importance of this field of study, 
sources of reference that provide regular updates 
of knowledge for scholars and practitioners alike 
are of immense importance. This volume attempts 
to deliver such an updated overview.

Content of the Volume
Whereas the last decades of the 20th century saw 
language development research dominated by 
controversies between nativist/generativist ver-
sus functionalist/social-constructivist approaches, 
21st-century language development research is a 
theoretically and methodologically more diverse 
and nuanced field. Narrow theoretical debates 
have been supplanted by greater breadth of 
empirical research on the development of a wider 
range of linguistic skills across a wider age range, 
as well as by increased interdisciplinary ties with 
neighboring disciplines, such as speech and hear-
ing sciences, education, cognitive science, behav-
ioral genetics and epigenetics, neuroscience, and 
evolutionary psychology. Thus, language devel-
opment research is no longer just the provenance 
of psychology and linguistics. The present volume 
reflects this increased diversity and the interdisci-
plinary character of the field.

In addition, language development research 
has gained considerable methodological sophis-
tication by augmenting traditional observational 
and experimental methods with a variety of 
new behavioral, computational, and neuroscien-
tific methods. The present volume reflects these 
methodological developments by covering both 
established methodologies such as use of the con-
siderably expanded CHILDES database of care-
giver-child interactions (S. Gillis), child-develop-
ment inventories and assessment tests (L. Fenson 
and P. Dale; I. Barriere), habituation and prefer-
ential looking paradigms (C. Houston-Price; K. 
Byers-Heinlein), grammaticality judgment tasks 
(B. Ambridge), and elicited production methods 

(J. Gleason), as well as newer methodological 
approaches including computational and con-
nectionist modeling (D. Freudental and A. Alis-
hani; P. Li and X. Zhao), corpus-based methods  
(L. Onnis), cross-linguistic and cross-cultural 
methods (L. Duncan; K. Marton and J. Yoon;  
E. Peña), twin studies (E. Hayiou-Thomas), adop-
tion studies (A. Delcenserie and F. Genesee), 
visual world eye-tracking (I. Sekerina), functional 
neuro-imaging (J. Brauer), and electrophysiology 
(V. Shafer). 

Structure of the Volume
This encyclopedia is designed with academic 
researchers and practitioners in mind. For the 
theoretically minded reader, it offers a range of 
survey entries addressing current thinking in 
the domains of phonological (L. Menn and C. 
Stoel-Gammon), morphological (N. Gagarina), 
lexical (W. Merriman), semantic (S. Prasada), 
and pragmatic (A. Ninio) development, as well 
as an overview of milestones in language devel-
opment (J. Oller). The substantial and theoreti-
cally diverse research on syntactic development 
is represented by several entries describing influ-
ential theoretical approaches to the subject—
generative grammar (T. Roeper), dependency 
grammar (A. Ninio), and construction gram-
mar (D. Casenhiser)—as well as research on the 
development of complex syntactic structures  
(R. A. Berman). In addition, several survey 
entries cover research on the genetic (S. Kornilov, 
N. Rakhlin and Grigorenko) and neural (J. Ger-
vain) underpinnings of language development 
and link it to social (M. Schug and T. Striano), 
motor (L. Goffman), and cognitive (G. Deák) 
development. Moreover, the volume offers state-
of-the-art overviews of diverse aspects of lan-
guage development such as bilingual language 
development (A. De Houwer; A. Prior and  
E. Safra), development of communicative ges-
tures (E. Bavin), and sign language development 
(J. Bonvillian). 

The larger survey entries are complemented and 
expanded on by middle-sized and smaller entries 
covering different angles on various aspects of 
language development of different levels of speci-
ficity, which offer the reader different entry points 
into a topic. These entries include, but are not 
limited to: 
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• Entries that focus on nonverbal aspects 
of early communicative development, 
including dyadic interaction (E. Nwokah), 
baby sign systems (G. Doherty-Sneddon 
and L. Howard), pointing (U. Liszkowski), 
proto-conversations (C. Trevarthen), and 
symbolic gestures (L. Namy). 

• Entries that focus on specific speech-
related phenomena, such as articulation 
of speech sounds (S. McLeod and J. Bern-
thal), accommodation to speech variabil-
ity (A. Seidl and R. Schmale), cross-modal 
perception of speech (D. Lewkowicz), lin-
guistic tonal systems (N. Xu-Rattanasone 
and K. Demuth), neonatal speech percep-
tion (J. Gervain), neonatal preferences for 
speech (A. Vouloumanos), perseveration 
and speech errors (J. Stemberger), phoneme 
discrimination (P. Escudero), phonological 
processes (H. Storkel), phonological tem-
plates (M. Vihman), prelinguistic vocaliza-
tion (N. Masataka), speech perception and 
processing (S. Curtin; B. McMurray and  
T. Benders), speech prosody (S. Peppé and B. 
Wells), and word segmentation (S. Mattys; 
T. Nazzi). 

• Entries that focus on phenomena 
related to word learning, such as early word 
learning (S. Curtin and S. Graham), fast 
mapping (C. Houston-Price), cross-situa-
tional word learning (C. Yu), lexical inno-
vations (J. Becker Bryant), noun bias (J. B. 
Childers), over-extensions and under-exten-
sions (E. Dromi), shape bias (L. Gershkoff-
Stowe), slow mapping (G. Deák), spoken 
word recognition (H. Bortfeld), symbol for-
mation (J. Glick), vocabulary growth curves 
and spurts (B. McMurray; L. Verhoeven), 
word-learning constraints (E. M. Markman 
and T. F. Holubar), word-learning strategies 
(M. A. Nippold), and word-to-world map-
ping (S. Graham and E. Vukatana). 

• Entries that focus on specific structure-
related phenomena, such as filler syllables 
and grammatical morphemes (E. Veneziano), 
generalization and over-generalization of lin-
guistic patterns (B. Ambridge; C. Bannard; 
J. K. Boyd), long-distance dependencies (L. 
Santelmann), sentence processing (E. Kidd), 
and syntactic priming (M. Thothathiri).

• Entries that focus on conversational 
aspects of language use, including conver-
sational implicature (I. Noveck), conversa-
tional skills (E. Veneziano), discourse prag-
matics (L. Serratrice), interactive alignment 
(H. Branigan, S. Garrod, and M. Pickering), 
referential communication (D. Matthews), 
and speech acts (T. Cameron-Faulkner). 

• Entries that cover the development of 
specific linguistic categories such as adjec-
tives (K. Syrett), argument structure (S. 
Allen), aspect (L. Wagner), auxiliaries and 
modals (A. L. Theakston), epistemic mark-
ers (S. Choi), evidential markers (S. A. Fit-
neva), grammatical categories (M. St. Clair, 
P. Monaghan, and M. H. Christiansen), 
grammatical gender (I. Arnon), pronouns (Y. 
Oshima-Takane), quantifiers (J. Musolino), 
questions (C. F. Rowland and B. Ambridge), 
relational terms (L. French), and verbs (J. B. 
Childers).

• Entries that address development of lan-
guage-related skills such as humor (E. Hoicka), 
lying (J. Mandelbaum, L. Brimbal and A. M. 
Crossman), metaphor (Ş. ÖzçaliŞkan), narra-
tive (Ö. Demir and A. Küntay), and nonliteral 
language (P. M. Pexman). 

• Entries that focus on meta-cognitive 
aspects of language development, including 
meta-linguistic awareness (M. Sénéchal), 
phonological awareness (K. Cabbage and 
T. Hogan), private/inner speech (P. Fei-
genbaum), and thinking for speaking  
(E. Nicoladis).

• Entries that focus on aspects of literacy, 
such as learning to read (C. Cardoso-Martins 
and L. Ehri; H. Ilgaz, B. Hassinger-Das, K. 
Hirsh-Pasek, and R. M. Golinkoff), cognitive 
effects of literacy (D. R. Olson), developmen-
tal dyslexia (F. Ramus and I. Altarelli; F. R. 
Vellutino), the dual-route model of reading 
(M. Coltheart); Matthew Effects (A. E. Cun-
ningham and Y.-J. Chen), reading compre-
hension (J. Oakhill and K. Cain), spelling (R. 
Treiman), and written discourse (H. L. Jisa).

• Entries that elucidate underlying learn-
ing mechanisms, such as associative learn-
ing (A. R. Romberg and C. Yu), auditory 
sequence learning (J. A. Deocampo and 
C. M. Conway), chunk-based language 
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acquisition (I. Arnon and M. H. Christian-
sen), distributional learning and multiple 
cue integration (I. Arnon; P. Monaghan and  
M. H. Christiansen), induction (A. Fisher 
and V. Sloutsky; S. A. Gelman and M. Meyer;  
A. Perfors), frequency effects (H. Dies-
sel), item-based/exemplar-based learning  
(P. Ibbotson), lexical bootstrapping (J. Good-
man), phonological and prosodic bootstrap-
ping (M. van Heugten, I. Dautriche, and  
A. Christophe), prediction (F. Huettig), syn-
tactic bootstrapping (L. Gleitman), and sta-
tistical learning (D. J. Weiss).

• Entries that introduce theoreti-
cal approaches to language development 
including Bayesian inference (A. Perfors), 
cultural learning and transmission models 
(T. Behne; C. Silvey and K. Smith), domain 
specificity (M. T. Ullman, J. Lum, and  
G. Conti-Ramsden), dynamic systems the-
ory (L. Samuelson and M. Galligan), the 
emergentist coalition model (J. Damonte, 
M. Johanson, R. M. Golinkoff, and  
K. Hirsh-Pasek), evolutionary perspectives 
(M. H. Christiansen); the Less-Is-More 
Hypothesis (J. McDonald), the principles-
and-parameters framework (M. T. Guasti), 
and universal grammar (W. Snyder).

• Entries that describe aspects of child-
directed speech, including the use of dimin-
utives (I. Dabašinskienė), hyper-articulation 
(C. Kitamura), natural pedagogy (R. Maier 
and D. Baldwin), parental responsive-
ness and scaffolding (C. Tamis-LeMonda,  
L. Baumwell, and Y. Kuchirko), recasts, 
clarifications, and indirect negative evi-
dence (J. Bernicot), synchrony of speech and 
gesture (P. Zukow-Goldring and N. Rader), 
and variation in the quality and features 
of child-directed speech (M. L. Rowe and  
V. Salo; M. Soderstrom).

• Entries that explore social factors in 
language development including imitiation 
(M. Carpenter; M. Gratier), joint attention 
(L. B. Adamson and N. Dimitrova), over-
heard speech (N. Akhtar), perspective tak-
ing (J. I. Carpendale and S. Atwood), play 
(J. M. Zosh, J. Reed, R. M. Golinkoff, and 
K. Hirsh-Pasek), and social conventions  
(G. Diesendruck).

• Entries that focus on environmen-
tal influences on language development, 
including effects of the home environment  
(C. Compton-Lilly), schooling (L. E. Cohen), 
and socioeconomic factors (D. F. Gullo)

• Entries that trace the relationship of 
language development to other areas of cog-
nitive development such as autobiographi-
cal memory (M. L. Courage), categorization 
and concept formation (G. Lupyan and L. K. 
Perry; L. McDonough and J. M. Mandler), 
color cognition (C. M. Sandhofer and M. 
Kyger), executive functions (L. A. Henry), 
event and motion perception (N. R. George, 
H. Konishi, K. Hirsh-Pasek, and R. M. 
Golinkoff; A. Papafragou), numerical cogni-
tion (P. Gordon), spatial cognition (S. Choi), 
theory of mind (V. Slaughter), and verbal 
working memory (C. Jarrold). 

• Entries that focus on language impair-
ments, including apraxia (A. Proctor), stut-
tering (N. Bernstein Ratner), and specific 
language impairment (N. Botting), which 
may co-occur with delays or deficits in audi-
tory processing (C. A. Miller), informa-
tion processing (L. Archibald), grammati-
cal development (P. A. Hadley), semantic 
development (L. Sheng), social functioning  
(M. Fujiki and B. Brinton), phonological 
development (J. M. Carroll), and word find-
ing (D. Messer).

• Entries that address language develop-
ment in special populations such as children 
with autism (S. H. Kim and C. Lord), genetic 
syndromes (A. McDuffie and L. Abbeduto; 
M. Thomas and J. V. Herwegen), focal 
lesions (A. M. Chilosi), cochlear implants 
(J. Beer, K. Peters, and D. B. Pisoni), deaf 
children (S. Goldin-Meadow; P. E. Spen-
cer), late talkers (L. Rescorla), pre-term 
children (A. Sansavini and A. Guarini), and 
twins (K. Thorpe).

• Entries that describe intervention meth-
ods and programs for general language 
development (R. L. Flores; S. F. Stokes) and 
for reading and literacy acquisition (B. A. 
Marinak and L. Gambrell; F. R. Vellutino).

• Entries that focus on individual differ-
ences and variation in language develop-
ment and usage, including age of acquisition 
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effects (C. Hudson Kam), the Critical 
Period Hypothesis (G. Morgan), dialect  
(B. Z. Pearson), first-language attrition 
and loss (S. Montrul), gender differences  
(H. Tenenbaum, A. Aznar, and P. Leman), 
and individual differences in adult attain-
ment (J. A. Street).

• Entries that provide a comparative 
perspective by describing how language 
learning in animals, such as avians (I. M. 
Pepperberg), cetaceans (S. Kuczaj), dogs  
(S. Grassmann), and nonhuman primates  
(K. Gillespie-Lynch, S. Savage-Rumbaugh, 
and J. Lyn), resembles, as well as differs, 
from that of children. 

• Entries that detail the contribution of 
influential scholars who have shaped theo-
retical views of child language development 
in profound ways, such as Noam Chomsky 
(B. C. Lust), Jerome Bruner (J. M. Lucari-
ello), Roger Brown (M. P. Maratsos), and 
Lev Vygotsky (J. Sawyer and A. Stetsenko).

Structure of Entries 
Entries are written in accessible language to be 
suitable for a broad readership both from inside 
and outside the field of language development 
research. Technical terms are clearly defined from 
the outset, crucial psychological and linguistic 
concepts are explained in the Glossary, and fur-
ther in-depth reading is suggested at the end of 
each entry and at the end of the volume.

All entries contain pointers to related entries 
allowing the reader to explore a specific topic in 
greater depth by considering the relevant theoreti-
cal approaches, underlying mechanisms, develop-
mental trajectories, research methodologies, and, 
where applicable, diagnostic and intervention 
methods. The pointers are organized in such a way 
as to enable the reader to approach a topic either in 
a top-down manner working from a broader sur-
vey down to specific phenomena associated with 
the topic, or in a bottom-up manner starting with 
a specific phenomenon and then using the point-
ers to find entries that put this phenomenon into 
a broader theoretical and methodological context. 
Finally, the pointers also allow readers to make 
horizontal connections by linking a specific aspect 
of language development to other, related aspects.

Last, but not least, this volume provides con-
vincing evidence that the field of language devel-
opment research continues to attract a wealth of 
new talent. This is testimony to its success as a 
burgeoning scientific discipline as well as its rel-
evance for the wider public, and is reflected in the 
broad authorship of entries ranging from estab-
lished scholars to promising young researchers 
who are just beginning to make their mark in the 
field. We would like to thank all of them for their 
valuable contributions.

Patricia J. Brooks
Vera Kempe

Editors
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Chronology

1600: In France, publication of the “Grammaire 
Générale et Raisonnée,” commonly called the 
Port Royal Grammar, an influential treatise that 
discusses, among other things, the theory of lin-
guistic universals.

1604: Robert Cawdrey publishes the first Eng-
lish-only (i.e., not bilingual) English dictionary 
A	 Table	 Alphabetical	 of	 Hard	 Unusual	 English	
Words.

1620: The Spanish priest Juan Pablo Bonet creates 
and publishes one of the first systems of alpha-
betic signs for communication with deaf people.

1755: Samuel Johnson publishes A	Dictionary	of	
the	English	Language, which he intended to be a 
complete record of the language, with the exclu-
sion of certain types of words (e.g., proper nouns) 
and the inclusion of many literary quotations to 
illustrate meaning.

1761: Josiah Priestly publishes Rudiments	 of	
English	 Grammar, in which he argues that the 
spoken, rather than the written, form of a lan-
guage should be held up as the standard for the 
language.

1774–89: Many official documents of the U.S. 
Continental Congress are published in English, 

German, and French, indicating that bilingual-
ism was an accepted aspect of American life at 
the time, and the government made efforts to 
accommodate speakers of languages other than 
English.

1775: The Abbé Charles Michel de l’Epée devel-
ops a sign language for his deaf students in Paris, 
drawing on several sources including the Spanish 
manual alphabet and hand signals by monks dur-
ing periods of silence.

1798: An apparent feral child, Victor of Avey-
ron, is spotted in a forest, and is captured but 
escapes; in 1800, he leaves the woods by choice 
and is taken in and educated by the physician 
Jean Marc Gaspard Itard. Victor achieves only 
limited language use and his case is often cited 
as supporting the Critical Period Hypothesis, 
but it is also possible that his ability to acquire 
language was impaired by mental retardation or 
autism.

1812: The brothers Wilhelm and Jacob Grimm 
publish the first edition of their Children’s	 and	
Household	Tales, a collection of folk tales, which, 
once edited and translated from German into 
about 160 languages, provided early exposure to 
literary narratives for subsequent generations of 
children around the world.
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1817: Thomas Gallaudet and Laurent Clerc 
found the American School for the Deaf in 
Hartford, Connecticut, using the Sign Language 
developed by the Archbishop Roche Sicard in 
France.

1828: Noah Webster publishes An	American	Dic-
tionary	 of	 the	 English	 Language, differentiating 
American spelling (e.g., “honor” instead of “hon-
our”) and usage from British, and including many 
scientific terms and word etymologies.

1854: Peak rate of community deafness on Mar-
tha’s Vineyard. High rates of profound hereditary 
deafness and full integration of deaf individuals in 
community life lead to the formation of Martha’s 
Vineyard Sign Language, which was influenced by 
French Sign Language and served as an important 
precursor to the development of American Sign 
Language.

1857: The Philological Society of London calls 
for the production of a new English dictionary, 
which becomes the Oxford	English	Dictionary or 
OED. Work begins in 1879 with the first volume 
published in 1884, and the last in 1928, followed 
by a series of supplements published from 1933 
to 1986; the supplements are integrated into the 
main text in the 1980s to form the second edition 
of the OED.

1881: Oswald Berkhan identifies an inability to 
read that in 1887 came to be described as dys-
lexia, a term coined by the German ophthalmol-
ogist Rudolf Berlin. Around the same time, the 
British physician W. Pringle Morgan publishes a 
description of a 14-year-old boy who had normal 
intelligence and physical qualities, but was unable 
to learn to read.

1886: A group of French language teachers found 
the Phonetic Teacher’s Association to further the 
use of phonetics in teaching; in 1897 the organi-
zation changes its name to the International Pho-
netic Association.

1887: Ludwig Zamenhof publishes a description, 
in Russian, of Esperanto, the most successful arti-
ficial language ever created, and one that is still in 
use today.

1888: The first version of the International Pho-
netic Alphabet is published, based on the idea 
put forth by the Danish linguist Otto Jespersen 
that a single symbol should correspond to a 
single sound, no matter what language is being 
transcribed.

1906: In the United States, the Nationality Act 
stipulates that the ability to speak English is a 
requirement for persons wishing to become natu-
ralized citizens.

1916: A	 Course	 in	 General	 Linguistics, writ-
ten by the French-speaking Swiss linguist and 
semiotician Ferdinand de Saussure, is published 
posthumously.

1923: The Swiss psychologist Jean Piaget pub-
lishes The	Language	and	Thought	of	 the	Child, 
putting forth his theories of the process of intel-
lectual development of children, and how children 
and adults think and use language differently.

1926: The British lexicographer Henry W. Fowler 
publishes Modern	 English	 Usage, a prescriptive 
guide to British English.

1933: The American linguist Leonard Bloom-
field publishes Language, an influential textbook 
describing the structuralist approach, using anal-
yses of texts in a variety of languages and incor-
porating ideas based on the psychological theory 
of behaviourism.

1934: Lev Vygotsky’s book Thinking	and	Speech 
is published in Russian. In this book, Vygotsky 
emphasizes the role of language in the develop-
ment of thought and higher cognitive functioning. 
The English translation appears in 1986. 

1935: The epidemiologist Willis Beasley is 
appointed by the U.S. Public Health Service to 
conduct a national audiometric survey.

1936: Edmund Fowler describes the ABLB (alter-
nate binaural loudness balance) hearing test, dur-
ing which a tone is presented alternately to each 
ear, held at a constant level in one and made 
louder or softer in the other; the patient reports 
when the sound is equal in both ears.
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1941: The Russian linguist Roman Jakobson pub-
lishes Child	 Language,	 Aphasia	 and	 Phonologi-
cal	 Universals, where he lays out his influential 
theory of a universal progression in phonological 
development, with development following a set of 
structural laws that govern successive divisions of 
phonological space into binary contrasts.

1943: The Austrian-American psychiatrist Leo 
Kanner publishes a paper, “Autistic Disturbances of 
Affective Contact,” describing “infantile autism” 
as a condition whose characteristics include lack of 
communication and affective contact, a desire for 
sameness, and a fascination with objects.

1949: The German-American linguist Werner 
Leopold publishes the first of four volumes of 
Speech	Development	of	a	Bilingual	Child, based 
on his diary studies of the language develop-
ment of his English-German bilingual daughter, 
Hildegard.

1953: Publication of Philosophical	 Investiga-
tions, in which the philosopher Ludwig Wittgen-
stein focuses on the many ways language is used 
in so-called language games, and outlines a usage-
based theory of meaning.

1954: Helmer Myklebust begins research on 
auditory-specific	 perceptual	 disorder, making a 
distinction between difficulties in learning lan-
guage and difficulties in auditory processing.

1954: The British linguist A. S. C. Ross publishes 
an article introducing the terms U and non-U, 
meaning upper class and not upper class, in which 
he describes differences in language usage (includ-
ing pronunciation, vocabulary, and methods 
of writing letters) that differentiated the British 
upper classes from everyone else in the country.

1957: Noam Chomsky publishes Syntactic	Struc-
tures, outlining his ideas about Generative Gram-
mar, a theory that represented a distinct depar-
ture from previous structuralist and behaviorist 
approaches.

1958: Jean Berko publishes “A Child’s Learning 
of English Morphology” in the journal Word. In 
this paper, she describes a methodology to elicit 

children’s structural knowledge through elicited 
productions of artificial words; her methodology 
later became known as the Wug Test.

1959: Iona and Peter Opie publish The	 Lore	
and	Language	of	Schoolchildren, a collection of 
words, phrases, and language practices used pri-
marily by children and passed along by them to 
other children.

1959: Wilder Penfield and Lamar Roberts publish 
their book Speech	and	Brain	Mechanisms detail-
ing recovery from aphasia and postulating the 
importance of the left hemisphere for language. 
In this book, they are the first to hypothesize the 
existence of a critical period for language by sug-
gesting that adequate rich language input needs 
to be provided during the first years of life, other-
wise full proficiency cannot be attained. 

1960: In his book Word	and	Object, the philoso-
pher W. V. O. Quine poses the problem of inscru-
tability or indeterminacy of reference, also known 
as the “Gavagai-problem,” according to which 
there are an infinite number of possible meanings 
of a word in the absence of constraints. Much 
language development research subsequently was 
devoted to uncovering such constraints.

1960: William Stokoe, Jr. publishes Sign	 Lan-
guage	 Structure, which describes American Sign 
Language as a fully formed natural language, 
with linguistic structure as complex and genera-
tive as that of any oral language. 

1961: Alexander Gvozdev publishes Issues	in	the	
Study	of	Child	Language, an extensive diary study 
of the language development of a Russian child, 
which provides unique insight into the acquisition 
of a morphologically rich language.

1962: Roger Brown initiates the longitudinal 
study of the language development of three chil-
dren, Adam, Eve, and Sarah, who were audio-
taped at regular intervals. The obtained speech 
corpus was the first of its kind to consist of tran-
scribed recordings rather than anecdotal dia-
ries. The analysis of this corpus culminated in 
the publication of A	First	Language:	The	Early	
Stages in 1973.
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1964: In the United States, Title VI of the Civil 
Rights Act prohibits discrimination on the basis 
of (among other things) national origin in pro-
grams receiving federal money; one interpreta-
tion of this stipulation results in a 1970 order by 
the Office of Civil Rights that language-minor-
ity students have to be provided with effective 
instruction.

1965: Founding of the Head Start Program, ini-
tially as a summer school program, to enhance 
school readiness and preparation for literacy in 
low-income American children. Forty years after 
its inception, 22 million children had participated, 
although its efficacy remains controversial.

1965: Noam Chomsky publishes the book Aspects	
of	 the	Theory	of	Syntax, in which he postulates 
the existence of a Language Acquisition Device, a 
brain module that is responsible for the matura-
tion of innate knowledge (described as a Univer-
sal Grammar).

1966: The organization Teachers of English 
to Speakers of Other Languages (TESOL) is 
founded, due in part to awareness of the grow-
ing need of professionals trained to teach Eng-
lish to students for whom it is not their native 
language.

1967: Eric Lenneberg publishes the book Biologi-
cal	Foundations	of	Language, in which he pop-
ularizes the Critical Period Hypothesis for lan-
guage acquisition linking it to neuroplasticity and 
postulating puberty as its endpoint.

1967: Beatrice and Allen Gardner, professors at 
the University of Nevada, begin teaching Ameri-
can Sign Language to Washoe, a female chim-
panzee. Washoe learned over 130 signs and was 
able to combine them, although it was not clear 
whether she acquired grammatical structure.

1968: In the United States, the Bilingual Educa-
tion Act provides federal support for programs for 
language-minority children; this is the first federal 
effort to address the problem of children who are 
not native English speakers, although (despite the 
name) it does not specifically require bilingual 
education be provided.

1970: Child welfare authorities in Los Angeles, 
California, take custody of an abused, nonver-
bal 13-year-old girl, known by the pseudonym 
“Genie.” The case provides an opportunity to test 
whether language can be acquired past a critical 
period. Although Genie is able to acquire some 
language skills, experts disagree as to how much 
progress is made and whether neurological abnor-
malities impaired her ability to learn.

1970: The International Association of the Study 
of Child Language (IASCL) is founded to pro-
mote international and interdisciplinary research 
in child language development. IASCL holds the 
triennial International Congress for the Study of 
Child Language; its publications include the Jour-
nal	of	Child	Language, First	Language, Child	Lan-
guage	Bulletin and the edited book series Trends	
in	Language	Acquisition	Research	(TiLAR).

1971: Peter Eimas and colleagues’ seminal Sci-
ence paper “Speech Perception in Infants” dem-
onstrates that 1-month-old infants are capable of 
perceiving speech sounds in a categorical manner.

1972: Bettye Caldwell and Robert Bradley 
develop the “Home Observation for Measure-
ment of the Environment (HOME) Scale”	 to 
provide a standardized measure of the quality of 
the child’s learning environment at home; in par-
ticular, of the amount of stimulation provided for 
infant cognitive and language development.

1976: Martin Braine publishes the monograph 
“Children’s First Word Combinations,” which 
describes the item-based learning of positional 
formulae (pivot-grammar) in 11 children acquir-
ing one of five different languages.

1978: In their paper “Acquiring a Single New 
Word,” Susan Carey and Elsa Bartlett coin the 
term fast	 mapping when describing 3-year-olds’ 
rapid acquisition of a new color word (“chro-
mium”) in an experimental setting.

1979: Elizabeth Bates and colleagues publish The	
Emergence	of	Symbols:	Cognition	and	Commu-
nication	 in	 Infancy, in which they describe the 
developmental continuity in infants’ use of com-
municative gestures and first words.



	 Chronology	 xxxiii

1980: Anthony DeCasper and William Fifer’s Sci-
ence article “Of Human Bonding: Newborns Pre-
fer Their Mothers’ Voices” provides first evidence 
for prenatal learning of speech sounds.

1980: Opening of a vocational school for the Deaf 
in Nicaragua allows Judy Kegl, Ann Senghas and 
others to document the emergence of a new sign 
language.

1983: Shirley Brice Heath publishes Ways	 With	
Words:	Language,	Life	and	Work	 in	Communi-
ties	 and	 Classrooms, a classical ethnographic 
study of language socialization as a critical factor 
in literacy development. 

1983: In the Science paper “Gestural Communi-
cation in Deaf Children: Noneffect of Parental 
Input on Language Development,” Susan Goldin-
Meadow and Carolyn Mylander document the 
spontaneous emergence of language-like gestural 
systems called home	sign in deaf children of hear-
ing parents. 

1983: The American linguist Jerome Bruner pub-
lishes Child’s	 Talk:	 Learning	 to	 Use	 Language, 
putting forth his theory that children learn lan-
guage in the context of social interaction with a 
support system (the Language Acquisition Sup-
port System, or LASS) provided by their parents 
and other caregivers.

1984: A group of language researchers, led by 
Brian MacWhinney and Catherine Snow, estab-
lishes the Child Language Data Exchange System 
(CHILDES) to facilitate research by sharing tran-
scriptions through an openly accessible database.

1984: Janet Werker and Richard Tees publish 
“Cross-Language Speech Perception: Evidence 
for Perceptual Reorganization During the First 
Year of Life” in Infant	 Behavior	 and	 Develop-
ment, which documents infants’ loss of ability to 
discriminate non-native speech sounds during the 
first year of life as a result of experience with the 
ambient language.

1984: In a Child	 Development	 paper titled 
“Coordinated Attention to People and Objects 
in Mother-Infant and Peer-Infant Interaction,” 

Roger Bakeman and Lauren Adamson describe 
the emergence of joint attention in infancy, and 
the role of the mother in scaffolding infants’ 
attention to objects. 

1984: In their chapter “Language Acquisition 
and Socialization,” published in Culture	Theory:	
Essays	on	Mind,	Self	and	Emotion, Elinor Ochs 
and Bambi Schieffelin draw attention to the cul-
tural diversity of children’s socialization through 
language.

1985: Adult clinical trials begin for the cochlear 
implant, a device that transmits sound waves 
directly to the cochlea, and thus restores a high 
degree of hearing to many deaf people.

1985: Dan Slobin edits the first of five volumes of 
The	 Cross-Linguistic	 Study	 of	 Language	 Acqui-
sition, a collection of chapters that summarize 
and discuss language development in over 20 
languages. 

1986: In “Matthew Effects in Reading: Some 
Consequences of Individual Differences in the 
Acquisition of Literacy,” published in Reading	
Research	 Quarterly,	 Keith Stanovich describes 
mechanisms underlying rich-get-richer and poor-
get-poorer patterns of reading achievement, with 
broad implications for education.

1987: In a chapter titled “Learning the Past 
Tenses of English Verbs: Implicit Rules or Paral-
lel Distributed Processing,” David Rumelhart and 
James McClelland introduce connectionist mod-
eling, utilizing domain-general learning mecha-
nisms inspired by neural processing, to the study 
of child language development.

1987: Irene Pepperberg demonstrates in an Afri-
can Grey parrot named “Alex” cognitive abili-
ties found in toddlers, such as the ability to form 
abstract categories, to verbally label a wide vari-
ety of objects, and to categorize objects by color, 
shape, number, and material. 

1989: In “Critical Period Effects in Second Lan-
guage Learning: The Influence of Maturational 
States on the Acquisition of English as a Sec-
ond Language,” Jacqueline Johnson and Elissa 
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Newport assess the grammatical knowledge of 
immigrants to the United States and conclude that 
the ability to learn a second language declines 
after puberty. 

1990: Jane Hurst and colleagues publish “An 
Extended Family With a Dominantly Inherited 
Speech Disorder” in Developmental	Medicine	&	
Child	Neurology, providing the first description of 
the KE family. This family exhibited a speech dis-
order initially classified as verbal dyspraxia, but 
later publicized as a deficit of grammatical suffix-
ation, triggering a search for the genetic basis of 
grammar.

1990: In their Child	 Development paper “Pref-
erence for Infant-Directed Speech in the First 
Month after Birth,” Robin Cooper and Richard 
Aslin demonstrate, through an auditory prefer-
ence procedure, that young infants prefer child-
directed speech to adult-directed speech.

1991: Laura Petitto and Paula Marentette report 
in their Science paper “Babbling in the Manual 
Mode: Evidence for the Ontogeny of Language” 
the existence of babbling with the hands in deaf 
infants exposed to Sign Language from birth. 

1992: Patricia Kuhl and colleagues publish the 
Science paper “Linguistic Experience Alters Pho-
netic Perception by 6 Months of Age,” in which 
they show, using the head-turn procedure, that 
children’s phonetic prototypes (‘magnets’) are 
language-specific at 6 months of age.

1993: Katherine Nelson, in a Psychological	 Sci-
ence	paper titled “The Psychological and Social 
Origins of Autobiographical Memory” explores 
the phenomenon of infantile amnesia and the crit-
ical role of narrative language in the development 
of memory for personal experiences.

1994: Esther Thelen and Linda Smith publish 
the book A	Dynamic	Systems	Approach	 to	 the	
Development	 of	 Cognition	 and	 Action, which 
applies non-linear dynamics systems theory to 
infant development. Their approach emphasizes 
the role of embodied sensori-motor experience, 
perception-action feedback, and the interaction 
of multiple factors in development processes, 

with profound implications for language 
development.

1994: In the bestseller The	 Language	 Instinct, 
Steven Pinker argues for the child’s innate capac-
ity to learn language, and offers an adaptation-
ist perspective on the evolution of the language 
acquisition device. In response, Michael Toma-
sello publishes, in 1995, the book review “Lan-
guage Is Not an Instinct,” and, in 2003, the book 
Constructing	a	Language:	A	Usage-Based	Theory	
of	Language	Acquisition, wherein he argues that 
language development relies on social-cognitive 
skills for inferring speakers’ communicative inten-
tions and domain-general learning mechanisms 
for discovering patterns. 

1994: Ruth Berman and Dan Slobin publish the 
edited volume Relating	 Events	 in	 Narrative:	 A	
Crosslinguistic	 Study, which reports a study in 
which child speakers of English, German, Span-
ish, Hebrew, or Turkish provided the words to 
a wordless picture book (Frog,	Where	Are	You? 
by Mercer Mayer). By the time of publication, 
the methodology has taken off, with over 150 
researchers collecting frog story narratives in 50 
languages.

1994: The first norming study of the MacArthur-
Bates Communicative Development Inventories 
(CDI) is published. The CDI comprise a set of 
standardized, parent-completed report forms that 
track infant and toddlers’ language and commu-
nication skills.

1995: Betty Hart and Todd Risley publish the 
book Meaningful	 Differences	 in	 the	 Everyday	
Experiences	of	Young	American	Children, which 
documents, as a function of household income, 
drastic differences in the amount of talk children 
are exposed to and its implications for language 
development.

1995: Dorothy Bishop and colleagues publish 
“Genetic Basis of Specific Language Impair-
ment: Evidence rom a Twin Study” in Devel-
opmental	 Medicine	 &	 Child	 Neurology, in 
which they show, for the first time, that Specific 
Language Impairment is to a substantial degree 
heritable.
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1995: Adele Goldberg publishes her book Con-
structions:	 A	 Construction	 Grammar	 Approach	
to	 Argument	 Structure, in which she proposes 
the construction—comprising a pairing of a spe-
cific form and its meaning—to be the basic unit 
of grammar; this theoretical framework argues 
against the view that syntactic processes are 
independent of semantics (meaning), and views 
lexicon (vocabulary) and grammar as acquired 
through similar mechanisms. 

1996: Anat Ninio and Catherine Snow publish 
Pragmatic	Development, which details how chil-
dren acquire rules for appropriate and communi-
catively effective language use. 

1996: Drawing on speech act theory, in his book 
Using	Language, Herb Clark proposes an integra-
tive theory of language that views speaking and 
listening as coordinated joint action.

1996: In the Science paper “Statistical Learning 
by 8-Month-Old Infants,” Jenny Saffran, Richard 
Aslin, and Elissa Newport describe babies’ ability 
to track co-occurrence statistics of adjacent syl-
lables to solve the problem of segmenting uninter-
rupted speech into discrete words.

1996: John Gumperz and Stephen Levinson edit 
the volume Rethinking	 Linguistic	 Relativity, 
which re-opens debates about the status of the 
Sapir-Whorf hypothesis. This leads to a prolifera-
tion of studies examining whether features of spe-
cific languages impact aspects of cognition, such 
as perception and memory.

1998: In their letter to Nature titled “Locali-
sation of a Gene Implicated in a Severe Speech 
and Language Disorder,” Simon Fisher and col-
leagues report the results of a genome-wide link-
age study of the KE family, which implicates a 
small region of the long arm of chromosome 7 
in the disorder.

1998: In their article “The Phonological Loop as 
a Language Learning Device,” published in Psy-
chological	Review, Alan Baddeley and colleagues 
propose that the phonological loop, a component 
of working memory dedicated to short-term short-
age of verbal information, plays a critical role in 

language development, especially with regards to 
vocabulary acquisition. 

1999: Ellen Bialystok suggests, in the Child	
Development paper “Cognitive Complexity and 
Attentional Control in the Bilingual Mind,” that 
bilingual children develop superior executive 
functions related to inhibitory control, due to 
the cognitive demands of alternating use of more 
than one language.

2000: In her doctoral dissertation, Cynthia 
Breazeal describes the building of Kismet, a socia-
ble, child-like robot able to acquire communica-
tion skills by eliciting child-directed interactions 
that afford rich learning opportunities. This leads 
to the advent of developmental (aka epigenetic) 
robotics as a new methodology in understanding 
developmental processes.

2001: In their letter to Nature titled “A Forkhead-
Domain Gene is Mutated in a Severe Speech and 
Language Disorder,” Cecilia Lai and colleagues 
identify a mutation on the FOXP2 gene as under-
lying language disorders like the ones described in 
the KE family.

2002: Angela Friederici and colleagues demon-
strate, in their paper “Brain Signatures of Arti-
ficial Language Processing: Evidence Challenging 
the Critical Period Hypothesis” published in the 
Proceedings	of	the	National	Academy	of	Sciences, 
that the time course of electrical brain potentials 
in adults processing a newly learned artificial lan-
guage is similar to that of adults processing their 
native language.

2004: Ann Senghas and colleagues publish a paper 
in Science titled “Children Creating Core Proper-
ties of Language: Evidence From an Emerging Sign 
Language in Nicaragua,” documenting the contri-
bution of younger cohorts of children to the cre-
ation of structure in the emerging sign language.

2004: Juliane Kaminski and colleagues publish a 
Science paper “Word Learning in a Domestic Dog: 
Evidence for ‘Fast Mapping,’” which documents 
the ability of a border collie to learn a vocabu-
lary of over 200 words by associating novel labels 
with hitherto unnamed objects.
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2005: Michael Ullman and Elizabeth Pierpont 
publish a paper in Cortex titled “Specific Language 
Impairment Is Not Specific to Language: The Pro-
cedural Deficit Hypothesis,” linking this impair-
ment to a brain network which subserves the learn-
ing and execution of motor and cognitive skills.

2007: Heather Bortfeld and colleagues publish 
the study “Assessing Infants’ Cortical Response 
to Speech Using Near-Infrared Spectroscopy” in 
Neuroimage. This is the first study to demonstrate 
the viability of NIRS for the study of speech pro-
cessing in 6- to 9-month-old infants.

2007: In their Psychological	Review paper “Word 
Learning as Bayesian Inference,” Fei Xu and Joshua 
Tenenbaum introduce Bayesian probabilistic infer-
ence as an alternative model to deductive hypoth-
esis testing and associative learning in explaining 
children’s word learning from limited input.

2008: Morten Christiansen and Nick Chater pub-
lish an article in Brain	 and	 Behavioral	 Sciences 

titled “Language as Shaped by the Brain,” which 
reframes the debate about the evolution of lan-
guage by focusing on how the evolution of lan-
guage structure might reflect constraints of neural 
development and processing. 

2011: Brian MacWhinney receives the IASCL’s 
Inaugural Roger Brown award, given in recogni-
tion of theoretical and methodological contribu-
tions to the field of child language. Among his 
outstanding achievements are the development 
of the Competition Model, with Elizabeth Bates, 
and the creation of the Child Language Data 
Exchange System (CHILDES), with Catherine 
Snow. 

2012: Elka Bergelson and Daniel Swingley publish 
a paper titled “At 6–9 Months, Human Infants 
Know the Meanings of Many Common Nouns” in 
Proceedings	of	the	National	Academy	of	Sciences, 
in which they demonstrate that infants know the 
meaning of many words before being able to say 
them, and earlier than previously assumed.
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Adjectives
Adjectives are words that denote properties of objects, 
such as size (big), shape (round), color (red), texture 
(rough), material (wooden), state (sleeping), and aes-
thetic qualities (beautiful), among many others. As a 
grammatical category in English, adjectives modify 
nouns, appearing in either a prenominal position 
(before the noun, such as What an adorable baby!) 
or in predicative position, often after a copular verb 
(as in, Your baby is adorable!). Their surface-level 
distribution is linked to their position in the syntac-
tic structure and their semantic representation, and 
therefore distinguishes them from quantificational 
terms, such as some and every, and number words, 
such as two, which have a partially overlapping distri-
bution. Adjectives are among the first words produced 
by young children. Moreover, a range of adjectives 
appears frequently in child-directed speech, provid-
ing children with information about semantic differ-
ences within the category of adjectives.

For example, gradable adjectives such as big are 
likely to appear in comparative constructions (X is 
bigger than Y) and are modified by adverbs such as 
very, indicating that size depends on a standard of 
comparison. Although number words and quantifi-
ers also appear prenominally, neither can appear with 
the comparative morpheme –er or be preceded by the 
intensifier very. By contrast, these words can appear in 
partitive constructions (X of the Y), whereas adjectives 

cannot. Kristen Syrett and colleagues have shown 
that preschoolers are able recruit these distributional 
characteristics when learning new words. Even some 
gradable adjectives differ with respect to the adverbs 
allowed to modify them as well as inferences based on 
their appearance in a comparative construction. For 
example, while it is acceptable to say that something is 
completely full or clean, it is not permissible to describe 
something as completely tall or big. Saying that x is 
fuller or bigger than y does not entail that either x or y 
is full or big, but saying that x is bumpier or dirtier than 
y requires x to be bumpy or dirty and may presuppose 
that y is as well. Work by Kristen Syrett and Jeffrey 
Lidz shows that 2-year-olds are aware of restrictions 
on adverbial modification and can recruit this infor-
mation when classifying novel adjectives. 

Gradable adjectives come in multiple varieties. 
Kristen Syrett, Christopher Kennedy, and Jeffrey Lidz 
have demonstrated that 3- to 5-year-olds (like adults) 
differentiate among these adjectives with respect to 
the role of the context in setting the standard of com-
parison. With adjectives like big, children readily shift 
the standard of comparison with the context, while 
they do not with full or spotted. For example, no mat-
ter how big or long two items are, as long as the size of 
one exceeds the other, it is the big or long one; that’s 
not so with full or spotted. Likewise, the cutoff for what 
counts as big or long in a series of objects is approxi-
mately the midpoint, whereas what counts as full or 
spotted depends on whether or not the maximal or 
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minimal standard has been met, respectively. (See Fig-
ures 1 and 2.) Other work has shown that preschool-
ers take into account real-world knowledge, the range 
of comparison, and object kind when setting the 
standards. Susan Gelman and Karen Ebeling have also 
shown that preschoolers can move between different 
types of standards, for example, a normative standard 
(what counts as big for objects of a particular kind), a 
perceptual standard (what counts as big in the context 
at hand), and a functional standard (what is too big 
for the present purposes). 

Preschoolers also appear to be aware that the syn-
tactic position of an adjective and its prosodic promi-
nence can carry implications about the speaker’s 
intentions. For example, the daxy one is likely to be 
interpreted as a contrast between an object that is 
daxy and another object of the same kind that is not 
daxy, while the one that is daxy is likely to be inter-
preted as picking out an object that simply has the 
property of being daxy. By age 5, children are not only 
aware of these contrasts but treat gradable adjectives 
like big differently from color terms. A request for a 
BIG dax is more likely to launch a search for a within-
kind contrast object than a request for a YELLOW dax 
or a dax that is yellow or big. This finding is consistent 
with the input children receive. Although color terms 
can be gradable, they are typically not treated as such 
in child-directed speech. Parents are likely to ask their 
children, “What color is this?” but instead, “Where or 
which is the big one?” or “Which one is bigger?” Many 
children take years to master color terms but, in the 
interim, seem to be aware of which adjectives refer 

to color, often supplying an incorrect color term in 
response to a question about color.

When children learn a new adjective, they need to 
know whether to extend the label and corresponding 
property to a new referent. Taxonomic level—that is, 
what kind of conceptual category something belongs 
to—plays an important role. A series of experiments 
by Sandra Waxman and her colleagues has shown that 
when 3-year-olds are shown a spotted green elephant 
labeled by a novel adjective such as blickish contrasted 
with another elephant that is solid green and described 
as not blickish, they are likely to interpret the adjective 
as spotted. They do not do so when shown a contrast-
ing object from another basic-level category (such as 
solid green rabbit) or when the adjective is not present. 
However, when shown objects from across basic-level 
categories that share the same property and that are 
labeled with a common adjective, 3-year-olds willingly 
extend the property to yet another basic-level category. 
The adjective seems to serve as an invitation for the 
child to perform a comparison and notice commonali-
ties among category members. Such comparisons are 
most effective when children are shown multiple exem-
plars and when presented with familiar objects.

Within the grammatical category of adjectives, 
there are those that express stage-level properties (like 
thirsty) and those that express more stable traits or 
individual-level properties (like friendly or gentle). 
Across experiments, children routinely confer a privi-
leged status to the basic-level category (for example, 
dog) and subordinate level (beagle) rather than to the 
superordinate-level category (animal). For example, 

2 Adjectives

Yes/no judgments reported in Syrett et al. (2006), rendered by adults (Figure 1) and children (Figure 2), along a 7-point scale of 
objects ranging from high to low degree of the property indicated to the right. Participants saw cubes (big), rods (long), disks ranging 
from very spotted to one with no spots (spotted), and small containers ranging from full to empty (full).

Figure	1   Adults Figure	2   Children



when shown an animal labeled with one of these 
adjectives, 4-year-olds are willing to extend the prop-
erty to another animal when the property is a stable 
trait and when the animal is a member of the same 
basic-level category.

There are a number of challenges facing the young 
word learner acquiring adjectives. Children must 
recruit real-world knowledge to know whether the 
adjective–noun combination yields a true statement. 
They must also learn the ordering between adjectives 
and nouns in their language. To become efficient lan-
guage processors, they need to recognize that it may 
not be necessary to hold off assigning interpretation 
until they hear the modified noun. They must learn 
that many adjectives are linked to a contrasting ant-
onym in their polarity (big/small). Finally, they must 
learn that, in languages such as Spanish or French, 
morphosyntax requires that the determiner, noun, 
and adjective all agree in gender (une robe bleue, “a 
blue dress”), that the noun may be dropped (el rojo, 
“the red one”), and that different interpretations arise 
from the verb combining with the adjective (estar v. 
ser alto, to be “high up” v. “tall”). Despite the fact that 
it may take children years to incorporate these lin-
guistic constraints, many adult-like semantic features 
of adjectives appear to be in place by age 5, perhaps 
even earlier.

Kristen Syrett
Rutgers University 

See	Also:	Child-Directed Speech (Features of); Color 
Cognition and Language Development; Early Word 
Learning; Grammatical Categories; Quantifiers; Semantic 
Development; Syntactic Bootstrapping; Word Learning 
Strategies.

Further	Readings
Ebeling, K. S. and S. A. Gelman. “Children’s Use of Context 

in Interpreting Big and Little.” Child Development, v.65 
(1994).

Graham, S., C. Cameron, and A. Welder. “Preschoolers’ 
Extension of Familiar Adjectives.” Journal of 
Experimental Child Psychology, v.91 (2005).

Nadig, A., J. Sedivy, A. Joshi, and H. Bortfeld. “The 
Development of Discourse Constraints on the 
Interpretation of Adjectives.” In Proceedings of the 
27th Annual Boston University Conference on Language 
Development, B. Beachley, A. Brown, and F. Conlin, eds. 
Somerville, MA: Cascadilla Press, 2003.

Smith, L. B., N. Cooney, and C. McCord. “What Is High? 
The Development of Reference Points for High and 
Low.” Child Development, v.57 (1986).

Syrett, K., E. Bradley, C. Kennedy, and J. Lidz. “Shifting 
Standards: Children’s Understanding of Gradable 
Adjectives.” In Proceedings of the Inaugural Conference 
on Generative Approaches to Language Acquisition: North 
America, Honolulu, HI, Vol. 2, K. Ud Deen, J. Nomura, 
B. Schulz, and B. D. Schwartz, eds. University of 
Connecticut Occasional Papers in Linguistics, v.4 (2006). 

Syrett, K., C. Kennedy, and J. Lidz. “Meaning and Context 
in Children’s Understanding of Gradable Adjectives.” 
Journal of Semantics, v.27 (2010).

Syrett, K. and J. Lidz. “30-Month-Olds Use the Distribution 
and Meaning of Adverbs to Interpret Novel Adjectives.” 
Language Learning and Development, v.6 (2010).

Syrett, K., J. Musolino, and R. Gelman. “How Can Syntax 
Support Number Word Acquisition?” Language 
Learning and Development, v.8 (2012).

Waxman, S. R. and R. S. Klibanoff. “The Role of 
Comparison in the Extension of Novel Adjectives.” 
Developmental Psychology, v.36 (2000).

Adolescent	Language	
Development	and	Use
Many years ago, it was widely believed that language 
development was virtually complete by the time a child 
reached 5 or 6 years of age and that further growth 
in language beyond those years consisted mainly of 
refinements in the use of grammar and the addition 
of school-related vocabulary words. In the 1970s, how-
ever, researchers in the United States began publishing 
studies of language development in older children and 
adolescents, reporting that substantial growth occurred 
well beyond the preschool years in areas such as the use 
of complex syntax in spoken and written language. 

Since those early days, researchers from around the 
world have continued to study later language develop-
ment with intensity, reporting that substantial changes 
occur not only in syntax and vocabulary but also in 
the areas of figurative language, verbal reasoning, and 
pragmatics—the social use of language. This article will 
highlight some of the key aspects of spoken and written 
language that develop during adolescence, encompass-
ing the years between 12 and 18. It should be noted that 
changes that occur during these years are gradual, and 
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that growth is most apparent when individuals from 
widely separated age groups (e.g., 12 versus 15 years) 
are compared in research studies. It should also be 
noted that an adolescent’s performance on measures of 
later language development is impacted by a variety of 
external factors, including educational opportunities, 
socioeconomic status, and family influences, and that 
teens whose schools, neighborhoods, and parents sup-
port academic achievement are likely to demonstrate 
more advanced spoken and written language skills than 
their less fortunate peers. It also must be mentioned 
that growth in language in all areas continues beyond 
adolescence and into adulthood.

Syntax
Adolescence is sometimes viewed as a stage in human 
development when communication is marked by a 
predominance of sarcasm and single-word utterances, 
particularly in response to adults’ questions. Although 
simplified communication does occur in adolescents, 
typically, developing teens also demonstrate a remark-
able ability to express themselves in ways that are 
complex yet clear, precise, and efficient. The secret to 
revealing this hidden linguistic competence is to engage 
adolescents in tasks that call upon their knowledge and 
enthusiasm for topics studied in school or encountered 
beyond the classroom during free-time activities. For 
example, when adolescents are prompted to speak 
or write in the narrative, expository, or persuasive 
genres, they are likely to use sentences that are longer 
and contain a greater number of subordinate clauses 
than when they are engaging in typical conversations. 
For example, the following passage was produced by a 
17-year-old girl during a narrative writing task: 

As I was walking down the street with my friend 
Sadie, we came upon a house that has always been 
rumored to be haunted. 

It was quite large and looked to have once been 
painted bright colors. 

But years of neglect and disuse had turned it a 
brown color and left it peeling. 

There were the usual trespassing signs posted. 
But most everyone ignored those. 
Adding to the home’s mystique was the fact that 

none of the neighboring houses had been able to 
keep their occupants for very long.

The syntactic complexity of this passage is far 
greater than what one might expect to find in the 

narrative writing of a typical 10-year-old child or 
even in the daily conversational speech of the same 
adolescent girl. The first sentence, for example, which 
is 24 words long, contains one main clause and three 
different types of subordinate clauses (adverbial, rela-
tive, and infinitive) embedded within it. The sentence 
also employs both active and passive voice construc-
tions. The final sentence also contains four types of 
clauses (one main and three subordinate) and is 24 
words long. Furthermore, just in this short passage, 
the author has employed some rather sophisticated 
vocabulary words. These include a metalinguistic 
(rumored) and a metacognitive (ignored) verb, five 
abstract nouns (neglect, disuse, mystique, fact, occu-
pants), and four derived adjectives (haunted, tres-
passing, posted, neighboring), illustrating the overlap 
between later syntactic and lexical development, a 
phenomenon known as the syntax-lexicon interface.

A similar level of syntactic complexity can be seen 
in the following passage of expository discourse pro-
duced by a 15-year-old boy who was asked to describe 
the goal of chess: 

When you are playing chess, you are trying to 
capture your opponent’s pieces.

And often a way to do this is to gradually push 
them back across the board with an advancing wall 
of pawns or other pieces, to sort of trap them into a 
smaller space and to gradually pick off all the out-
lying pieces until eventually the king is trapped.

The second sentence, which is 49 words long, reflects 
a sophisticated level of knowledge of the game of chess. 
And yet, despite its length, the sentence expresses the 
speaker’s knowledge in a way that is clear, precise, and 
efficient through the use of one main clause, five sub-
ordinate clauses, and an apt selection of literate words 
and phrases (e.g., advancing wall of pawns). 

A high level of syntactic complexity can also be 
observed when adolescents are engaged in persuasive 
discourse tasks, as in the following excerpt from a 
16-year-old girl who was writing about the controver-
sial topic of training animals to perform in circuses: 

I believe animals should only be trained and put 
in a circus if they have no possible way of living a 
life of their own in the wild.

If an elephant is born and its mother dies and 
the baby gets hurt and then someone brings it in, 
then that animal could be trained.
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Even though people may lose their jobs, we as a 
world are losing our wild animals.

We can’t spare animals just to train them for our 
entertainment.

I think it is wrong to have these animals in the 
circus. Humans can find other ways of amusing 
themselves.

The first two sentences of this passage are partic-
ularly dense with information. In the first sentence, 
which contains 28 words, the author expresses her 
views in a forthright manner through the use of one 
main clause and four subordinate clauses. The sec-
ond sentence with its 26 words is syntactically even 
more complex, yet it is also compact, with its four 
left-branching subordinate clauses that set out the cir-
cumstances under which an animal could be trained. 
Further, this passage of persuasive writing reflects 
conditional reasoning, the capacity to consider both 
sides of a debate, a more sophisticated approach to an 
issue than rigid, absolutist thinking.

Semantics
By reading books at school in classes such as geology, 
literature, and mathematics, adolescents are exposed 
to a wealth of new vocabulary words, and they are 
encouraged by their teachers to learn the meanings of 
those words by attending closely to context clues; ana-
lyzing the morphological structure of words, including 
the roots, prefixes, and suffixes; and consulting diction-
aries to clarify, extend, or confirm their understanding. 
Compared to the primary grades, books that are read 
in secondary schools contain words that are consid-
erably more complex and abstract, have a lower fre-
quency of occurrence in the language, and are likely to 
express multiple and subtle meanings. These include, 
for example, abstract nouns (e.g., desolation, effrontery, 
vituperation); derived adjectives (e.g., supplementary, 
conditional, contradictory); and double-function terms 
(e.g., absorbing, abrasive, adrift), which are words that 
can be used to describe concrete physical properties 
of objects or abstract psychological traits of human 
beings, depending on the purpose of the speaker or 
writer. For example, whereas a 10-year-old child is likely 
to know only one meaning of the double-function 
term abrasive (e.g., “Sandpaper is abrasive because it’s 
rough and scratchy”), a 17-year-old adolescent is likely 
to know both the physical and psychological meanings 
(e.g., “Sandpaper is abrasive because it feels rough and 
scratchy, and my coach is abrasive because he is rude, 

abrupt, and yells at the new players”). Knowledge of 
technical terms also expands as students in a geology 
class, for example, are exposed to the concepts of tem-
perature inversion, convective lifting, and frontal wedging 
and are expected to use those terms during oral pre-
sentations or written reports assigned by their teacher.

As knowledge of difficult vocabulary expands, 
so does the metalinguistic ability to reflect on one’s 
knowledge. This can be seen, for example, in an ado-
lescent’s ability to define abstract nouns using the 
classic Aristotelian formula (e.g., “Idleness is a state 
of existence where one is inactive and lazy”), and to 
explain the overlap between the physical and psy-
chological aspects of double-function terms (e.g., “A 
bright person is intelligent and stands out from the 
rest of the crowd, just as a bright star in the evening 
sky calls attention to itself—you notice them both”).

Throughout adolescence, development also occurs 
in the use and understanding of metacognitive verbs, 
or words that refer to acts of thinking. Although many 
of the more common examples (e.g., know, think, 
believe) are learned during early childhood, other 
less common ones (e.g., assume, infer, hypothesize) 
are learned during adolescence and are likely to be 
used during students’ spoken or written narrative 
or expository discourse. Similarly, growth occurs in 
the use and understanding of metalinguistic verbs, or 
words that refer to acts of speaking (e.g., ask, tell, call), 
especially in relation to the less common ones (e.g., 
apologize, confide, suggest). 

Another aspect of semantics that undergoes mea-
surable growth during adolescence is the use and 
understanding of later-developing adverbial con-
juncts—words such as consequently, meanwhile, and 
accordingly—that are used to connect adjacent sen-
tences coherently (e.g., “Sally planned to go swimming 
after school today. However, she forgot her bathing 
suit”). When writers fail to use these words appropri-
ately, readers may experience difficulty grasping the 
gist of a passage of text. Thus, it is important that ado-
lescents gain an understanding of adverbial conjuncts 
and that they learn to use these connectives appropri-
ately. By encountering adverbial conjuncts at school 
when reading books on subjects such as social studies, 
health, and economics, secondary students gradually 
learn their meanings, and they solidify their knowl-
edge by using the words in essays for school assign-
ments. Yet because many of these words have a low 
frequency of occurrence in the language (e.g., con-
versely, contrastively) and express subtle and complex 
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meanings (e.g., ironically, similarly), the learning pro-
cess continues into adulthood. 

Verbal reasoning, the ability to use words to argue 
or solve problems logically, also undergoes gradual 
improvement during adolescence and into adulthood. 
Skill with verbal reasoning is evidenced in an adoles-
cent’s ability to convince others to perform a certain 
action (“Vote for Candidate X”) or to adopt a par-
ticular point of view (“It’s important to decrease our 
consumption of coal”) during persuasive speaking or 
writing tasks, or to accurately complete formal anal-
ogy problems that contain difficult vocabulary (e.g., 
conviction : belief :: dedication : ___?___). Skill with 
verbal reasoning is also evidenced when an adolescent 
can solve problems by making accurate deductions 
from a given set of facts (e.g., “A baker has a 3-cup 
bowl and a 5-cup bowl, and both are empty. How can 
the baker measure exactly one cup of flour without 
wasting any?”); or can detect the logical fallacies in 
the actions of others (e.g., A friend whose car won’t 
start assumes that the vehicle has a dead battery, so 
promptly goes out and buys a new battery).

The use and understanding of figurative language 
also undergoes considerable growth during the ado-
lescent years as the abstract nature of these expres-
sions becomes more accessible through increased 
exposure in literate contexts. For example, the reading 
of poems, plays, short stories, and novels at school is 
a particularly good way for adolescents to gain expo-
sure to the major types of figurative expressions, 
which include metaphors (e.g., “Procrastination is the 
thief of time”), similes (e.g., “The setting sun was like 
a copper coin sliding beneath the ridgeline”), idioms 
(e.g., “Some office workers often pass the buck and go 
home early”), and proverbs (e.g., “Times change and 
we with them”). Growth in this domain is especially 
apparent when individuals are asked to explain the 
meanings of these expressions. 

For example, a 10-year-old child is likely to be baf-
fled by the metaphor, “Anticipation is the magnifying 
glass of coming events,” but a 17-year-old adolescent 
is likely to explain that, “When a special event is com-
ing up, such as a graduation speech, some people 
worry about it too much, thinking it is a bigger deal 
than it is, and they make themselves sick over the 
fear of failure and embarrassment.” Slang terms (e.g., 
YOLO, swaggy, styll, cray) are another type of figura-
tive expression that is learned during adolescence. In 
contrast to other types of figurative expressions, slang 
terms are learned primarily during social interactions 

with peers, including the use of social media. An 
important aspect of development is learning how and 
when to use these terms with peers to promote feel-
ings of solidarity while gaining independence from 
adults, including parents and teachers. 

Pragmatics
During early adolescence, most teens begin to spend 
greater amounts of time with their peers than with 
their parents and other family members in an effort 
to gain independence, emotional support, and useful 
information about school, relationships, and extra-
curricular activities. Although parents and family 
members remain an important source of guidance 
and support, adolescents tend to discuss social issues 
with peers and family matters with parents. 

Given the value placed on peer relationships for 
achieving feelings of personal well-being, adolescence 
is a time when pragmatics, the social use of language, 
becomes more important. Consequently, teens begin 
to refine their social skills and may attend more closely 
to their peers’ thoughts and feelings, display greater 
empathy, and make an effort to entertain their peers 
through the use of slang expressions, humor, and 
drama, including the telling of amusing anecdotes 
about themselves and others. During conversations 
with peers, teens also learn to make a greater number 
of topic-related comments, to ask relevant questions, 
to make smooth transitions between topics, and to 
use appropriate gestures and facial expressions. 

Growth in pragmatics during adolescence can also 
be seen in the ability to adjust one’s behavior to the per-
ceived needs and interests of the listener who may be 
younger or older than they are. For example, if working 
as a camp counselor for primary school children, an 
older adolescent will make an effort to comfort those 
who may appear to be sad or lonely by involving them 
in activities that elicit laughter, curiosity, or pleasant 
social interactions. Similarly, when attempting to per-
suade an authority figure, such as a potential employer 
hiring them for a summer job, older adolescents are 
likely to appeal to the adult’s desire for the company to 
be successful. Thus, when applying for a job as a hiking 
guide at a fashionable resort, an adolescent girl may 
emphasize her prior experience as a camp counselor 
and organizer of outdoor activities. Additionally, dur-
ing the interview, the adolescent will know to refrain 
from using specific words, phrases, gestures, or facial 
expressions that are popular with her peers but might 
offend a mature adult. 



 Adoption Studies of Second First-Language Acquisition 7

Adolescence is also a time when the use of inter-
personal negotiation strategies improves and teens 
learn to work more cooperatively with their peers 
to resolve conflicts in ways that promote group har-
mony and the long-term welfare of relationships. An 
understanding of how to resolve conflicts construc-
tively is evidenced in the following excerpt from a 
17-year-old girl, who was being interviewed about a 
conflict at school. The conflict involved one member 
of a work group, Debbie, who was frustrated when 
another member, Melanie, refused to do her part to 
complete an assignment: 

And you need to learn teamwork skills to help 
yourself later on in life.

So she [Melanie] needs to learn to cooperate 
better.

I think that Debbie and Melanie and the 
teacher need to sit down and talk and see if 
Melanie agrees with doing the model airplane or 
if she has her own ideas and if she’s feeling left 
out or if Melanie needs to learn that she needs to 
cooperate no matter if she likes it or not.

Because later on in life, there will be things you 
don’t like that you have to do.

It is noteworthy that the speaker attempts to gain 
the perspective of everyone involved in the conflict 
to determine how each person feels and what fac-
tors might be motivating the dispute. She also shows 
a mature attitude toward the future and the need to 
fulfill one’s responsibilities. It is also noteworthy that 
the third sentence, which contains 58 words and 14 
clauses, reflects the manner in which complex thought 
drives the use of multiple levels of clausal embedding 
and the adolescent’s ability to express a variety of sub-
tle points in a clear, precise, and efficient manner. This 
passage also demonstrates how syntactic, semantic, 
and pragmatic developments are synergistic domains 
that each contribute to the adolescent’s ability to com-
municate effectively.

Conclusion
This article has reviewed some of the highlights of 
adolescent language development and use, focusing 
on syntax, semantics, and pragmatics. It is empha-
sized that language growth during adolescence is a 
gradual process, characterized by individual differ-
ences resulting from variations in educational oppor-
tunity, socioeconomic status, and family background. 

Finally, although the adolescent years have been the 
focus, growth in language continues into adulthood.

Marilyn A. Nippold
University of Oregon 
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Adoption	Studies	of	Second	
First-Language	Acquisition
Internationally adopted (IA) children have a unique 
pattern of language development. Most IA children 
discontinue acquisition of their birth language (L1) 
when they begin acquisition of their adopted lan-
guage, and in comparison to native speakers, onset of 
exposure to the adopted language is delayed. Thus, in 
comparison to monolingual language learners, their 
pattern of language development is often referred 
to as second first-language acquisition. They differ 
from both simultaneous bilinguals, who acquire two 
languages simultaneously from birth, and successive 
bilinguals, who begin acquisition of a second language 
after first language development begins, insofar as both 
of these groups continue to acquire two languages. IA 
children are thought to experience attrition, or loss, of 
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their birth language, according to C. Pallier and col-
leagues. However, research to date has not determined 
the full extent of adoptees’ language attrition, that is, if 
the loss is partial or total. In any case, overall, IA chil-
dren’s unique pattern of language exposure is often 
considered a risk factor for language development.

Relatively soon after adoption, IA children often 
exhibit language development during the preschool 
years that falls within age-appropriate levels on stan-
dardized language tests and parent reports. For exam-
ple, IA children have been found to have the same 
vocabulary as nonadopted children as soon as three 
months after adoption; they also display the same pat-
terns of vocabulary and grammatical development as 
nonadopted peers. Evidence also indicates, however, 
that the proportion of IA children who exhibit lan-
guage difficulties or are referred to speech–language 
specialists is higher than what is found in the popula-
tion at large. The prevalence of such difficulties and 
referrals increases among IA children as the age of 
adoption increases.

The few studies that have focused on IA children’s 
language development during the school years have 
found that they continue to display signs of successful 
adaption and developmental resilience at older ages. 
Specifically, they usually exhibit general, intellectual, 
and cognitive abilities that are similar to those of non-
adopted children. With respect to language, in many 
cases, they exhibit performance on standardized tests 
that falls within age-appropriate norms or that is 
comparable to that of nonadopted children. However, 
a significant proportion of IA children requires spe-
cial education services or is referred for speech–lan-
guage therapy, suggesting a higher-than-normal level 
of academic- or language-related difficulties.

Notwithstanding these general patterns, there are 
important factors to consider when looking at IA 
children’s language development, the first being age at 
adoption. Evidence shows that IA children who start 
to acquire the adopted language early, more specifi-
cally before 24 months of age, generally display bet-
ter language outcomes and are more likely to reach 
levels of ability that are similar to nonadopted chil-
dren or within age norms more easily and sooner 
than IA children who are adopted at older ages. On 
the other hand, children who are adopted at older 
ages usually show more rapid progress immediately 
after adoption than younger IA children, probably 
because of their more developed cognitive abilities, 
but in the long run, they are less likely to reach parity 

with monolingual nonadopted children, according to 
J. Snedeker, J. Geren, and C. L. Shafto. 

These age-related differences can be explained, in 
part, by the fact that, in contrast to older adoptees, 
young IA children spend less time in institutions and, 
therefore, experience less deprivation. Younger adopt-
ees also retain more developmental plasticity, which 
helps them overcome any adverse effects associated 
with their pre-adoptive rearing environments and 
makes it possible for them to adjust and thrive better 
in their new environments than older adoptees. Chil-
dren adopted at older ages, in contrast, not only spend 
more time in institutions or in pre-adoptive environ-
ments that might be dysfunctional, but the delay in 
acquisition of their adopted language is also longer. In 
addition, the gap between older IA and nonadopted 
children is relatively large, and because nonadopted 
children continue to progress in their language devel-
opment, it is difficult for IA children to achieve parity.

The short- and long-term outcomes of IA chil-
dren are also dependent on their country of origin. 
The reasons why children are put up for adoption, the 
typical age at adoption, and the pre-adoptive care that 
IA children receive, either in their families or in insti-
tutions, vary greatly from one country to another. For 
example, IA children from China are more likely to be 
given up for adoption at relatively young ages relative 
to children from other countries because of the coun-
try’s one-child policy. Children in other countries are 
often given up for adoption due to socioeconomic 
factors, drug- and health-related problems in the 
birth families, birth parents’ difficulties coping with 
adverse conditions in their lives, and so on. 

Thus, adoptees from China are likely to spend less 
time in institutions, and moreover, they often experi-
ence more favorable pre-adoption living conditions 
than children from other countries. Studies report 
that IA children who live in seriously impoverished 
or adverse pre-adoptive conditions are more likely 
to exhibit long-term developmental, behavioral, 
cognitive, and language abilities that are lower than 
age-matched, nonadopted peers. However, adoption 
itself is not a risk factor for IA children’s language or 
general development. To the contrary, research shows 
that adopted children generally show significant 
improvement in many aspects of development fol-
lowing adoption.

Despite the fact that IA children have often been 
found to perform within age-appropriate levels on 
standardized measures of language ability or similar 
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to their nonadopted peers when assessed using parent 
reports, recent studies have shown that even children 
who have been raised in favorable pre-adoptive envi-
ronments exhibit long-lasting lags in language ability 
when compared to monolingual nonadopted children 
matched on important variables such as age, gender, 
and socioeconomic status, factors that are often asso-
ciated with language ability. For example, research by 
A. Delcenserie and colleagues on IA children from 
China who were adopted between 12 and 24 months 
of age and tested longitudinally from 4 to 12 years 
of age found that they exhibited normal nonverbal 
cognitive abilities and socioemotional development 
but had lags in expressive and receptive vocabulary, 
receptive grammar, and word association skills rela-
tive to matched controls. Research suggests that they 
may also have lags in verbal short-term, working, 
and long-term memory in comparison to carefully 
matched, nonadopted peers, although their nonverbal 
memory is on par with that of nonadopted children.

In sum, studies of IA children suggest that many, 
if not most, IA children exhibit general develop-
ment outcomes, including language, that fall within 
the typical range for their age group; but at the same 
time, a larger-than-expected subgroup of IA children 
exhibit language and verbal memory lags when com-
pared to nonadopted children, matched on important 
variables. Age at adoption, country of origin, and the 
nature and level of adversity experienced pre-adop-
tively are factors that can influence IA children’s long-
term language outcomes.
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Age	of	Acquisition	Effects
Age of acquisition (AoA) effects in language develop-
ment—better language learning outcomes for individ-
uals who begin learning a language in childhood rather 
than adulthood—have long been noted by scholars and 
laypeople alike. Importantly, the effect only describes 
long-term learning outcomes, not initial learning, 
where in childhood is often worse. AoA effects occur in 
both first (L1) and second (L2) language learning but 
may not extend to foreign language acquisition (acqui-
sition of a language in a more constructed environ-
ment like a classroom and unsupported by the use of 
the language in the home or wider community). AoA 
effects are most apparent in how a speaker sounds, but 
they are not restricted to speech production nor to the 
phonology (or sound system) of the language. 

AoA effects are also seen in the acquisition of 
morphology (inflection, word formation), syntax 
(sentence structures), and even more social aspects 
of language such as pragmatics (contextually appro-
priate use of the language). Generally speaking, AoA 
effects are seen earlier for phonology than syntax and 
morphology. In L2 acquisition, exactly which aspects 
of phonology, syntax, or morphology are affected by 
AoA varies depending on the languages involved (that 
is, for different pairs of L1s and L2s). While the effects 
themselves are well established, the cause of AoA 
effects is the source of a great deal of disagreement, 
with proposals ranging from maturationally defined 
changes in a dedicated language acquisition device or 
more general brain plasticity to differences between 
older and younger learners in their motivation to learn 
the language.
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AoA	Effects	in	L1	Acquisition
Whereas cases of late L1 acquisition in individu-
als learning a spoken language tend to involve social 
neglect and/or neurological complications, cases of 
initial exposure to a first language later in life in deaf 
individuals are common enough that several studies 
of the phenomenon now exist. They consistently show 
that individuals exposed to a language earlier have bet-
ter learning outcomes than those exposed later. The 
declines in performance are not just at the level of adult 
learners versus child learners; differences in the pro-
duction of morphology, for instance, are evident even 
when comparing children exposed to a signed lan-
guage from birth to those first exposed at 4 to 6 years 
of age. It is not simply the case that individuals who 
learned their first language older make more errors; 
there are also interesting differences in the nature of 
their errors. A sentence repetition task, for instance, 
showed that, whereas older learners are more likely to 
substitute phonologically related words for each other, 
early learners are more likely to substitute lexical items 
related in meaning. And in an elicited production task, 
late learners produced more unanalyzed forms (that 
is, forms with some correct and some incorrect mor-
phemes) than younger learners, suggesting that they 
memorized whole chunks rather than breaking the 
forms down into their component morphemes. Later 
learners likewise have more difficulty with sentence-
internal sign ordering than early learners, who in turn 
have more difficulty than children exposed from birth. 
There is a similar decline in the ability to judge the 
grammaticality of sentences; performance deteriorates 
as AoA increases. Thus, AoA effects are witnessed early 
and impact multiple aspects of L1 acquisition.

AoA	Effects	in	L2	Acquisition
Perhaps the most obvious and well-established differ-
ences in learning outcomes between those who learn an 
L2 when young versus old can be seen in the learning 
of the phonology of a language. People who learned an 
L2 later in life often have accents in their speech; even 
after years of regular daily language use, they produce 
certain sounds differently than native speakers of the 
same language. They might also stress words differ-
ently or produce sentences with a different prosody or 
rhythm, and all of these things contribute to the per-
ceived accent in their speech. The degree of accent is 
typically lower in those individuals who learned the 
language younger, sometimes to the point of their 
sounding quite native-like. The AoA effect is not just a 

difference between people who began learning in child-
hood and those who began learning in late adolescence 
or adulthood; there are differences even between those 
who began learning in early versus middle childhood. 

Speech perception abilities likewise exhibit an AoA 
effect; performance is better for those who learned 
the language early versus late, especially when assess-
ing perception in less-than-ideal conditions, such as 
listening to speech embedded in noise. Notably, both 
production and perception difficulties associated with 
later AoA are modulated by the speakers’ L1 and L2, 
in that both the particular sounds that cause difficulty 
and the amount of difficulty are affected by the rela-
tionship between the two languages. Some contrasts 
prove so difficult (such as the English distinction 
between r and l for people with Japanese as an L1) 
that, for some adult learners, difficulties can remain 
even after extensive training (which usually leads to 
large improvements in performance).

AoA effects are also seen in morphology of the L2. 
In particular, early acquisition of an L2 leads to much 
better knowledge of the morphological paradigms of 
the language, whether they are grounded in meaning 
distinctions (e.g., tense affixes on verbs or case mark-
ing on nouns) or not (e.g., grammatical gender cat-
egories and their accompanying agreement on articles 
and adjectives). Again here, differences in perfor-
mance related to AoA are not limited to production; 
they are also evident in tasks such as grammaticality 
judgments, in which a person is asked to judge a sen-
tence as grammatical or ungrammatical. For instance, 
a listener reads the sentence He write a letter, which 
is missing the inflection –s on the verb, and is asked 
to say whether or not it is correct. Individuals who 
began learning an L2 later in life are usually quite 
able to judge grammatical sentences as grammatical; 
where they tend to fail is in judging ungrammatical 
sentences as ungrammatical. Not every morpheme 
causes equal trouble for learners: Whereas usage of the 
English present participle –ing poses few problems for 
late learners and native speakers alike, correct usage of 
English definite and indefinite articles is difficult for 
late learners whose L1s lack articles. Likewise, learning 
grammatical gender classes and agreement patterns in 
an L2 causes more difficulty for people whose L1s lack 
grammatical gender than for those whose L1s have 
grammatical gender. 

Although basic aspects of sentence structure such as 
word order in basic sentences (e.g., I ate a sandwich) are 
fairly easy to learn no matter the AoA, other aspects of 



 Age of Acquisition Effects 11

syntax can cause problems that remain even after years 
of speaking the language. Verb subcategorization, for 
instance, the number and type of arguments a particu-
lar verb can or must co-occur with, has been shown to 
cause more difficulty for late than early learners. For 
example, a speaker has to learn that let and allow, while 
being similar in meaning, do not participate in exactly 
the same sentence structures. One can let someone do 
something, but one allows someone to do something. 
Similarly, one can give something to someone and give 
someone something, but while one can donate some-
thing to someone, one cannot donate someone some-
thing. These examples demonstrate the complexity of 
learning subcategorization patterns of individual lexi-
cal items; it should be noted, however, that late learn-
ers also have difficulties with grammatical patterns 
that are not lexically specific. 

For example, wh- questions (e.g., When are you 
going?) require a different internal word ordering as 
compared to statements (e.g., You are going at six) or 
yes/no questions (e.g., You are going at six?), and show 
an AoA effect. Again, AoA effects can be seen in both 
production and grammaticality judgment tasks, but 
note that the particular linguistic features affected can 
be different in the two tasks even for the same speaker. 
On the one hand, something that someone gets right 
in a judgment task might not be produced correctly. 
On the other, something that does not show up as an 
error in production can be shown to be problematic in 
a judgment task. As with AoA effects in phonology and 
morphology, one and the same aspect of the L2 is not 
necessarily problematic for L2 speakers from every L1 
background. 

Explanations
AoA effects are intimately tied up with discussions 
regarding a critical period for language acquisition; the 
idea that there is a time that is biologically determined 
during which language acquisition needs to occur if the 
learner is to acquire native-like competence. However, 
AoA effects and the critical period for language acqui-
sition are not one and the same; there are many things 
that tend to be different for younger and older indi-
viduals that could in principle contribute (individually, 
in concert, or interactively) to AoA effects, only some 
of which are biologically determined, and many differ-
ent things have been proposed. First among biological 
explanations is the idea that there is a learning device, 
which is specific to language, that atrophies after a 
certain point in developmental time (the Language 

Acquisition Device [LAD]). Other biologically based 
explanations for AoA effects also exist. The most obvi-
ous is age-related differences in general brain plasticity, 
either in terms of learning ability broadly construed or 
the ability to learn something that differs from what is 
already known. The latter is consistent with data from 
L2 learners showing that AoA effects are strongest 
when the L1 and L2 conflict but is inconsistent with 
the fact that late L1 learning evinces worse outcomes 
than late L2 learning, even for the same language. 

Biological need may not mean plasticity, however. 
Changes in the brain affecting how certain regions 
function or interact with each other could also lead to 
differences in learning ability. E. L. Newport’s Less-Is-
More Hypothesis is one example of this kind of expla-
nation. She proposes that adults are worse at learning 
languages than young children because adults have 
more developed short-term and working-memory 
systems, which serve to make language learning less 
rather than more effective. Her hypothesis is consis-
tent with what is known about the development of 
the prefrontal brain regions, which are important for 
working memory; however, those same regions also 
serve other cognitive functions, such as cognitive con-
trol, which has also been implicated in learning differ-
ences between children and adults.

There are also numerous nonbiological explana-
tions. For instance, children tend to get more natu-
ralistic input than adults, who often get a great deal 
of their L2 input from classrooms. There is also the 
fact that adult immigrants may tend to socialize with 
other immigrants who share their L1, whereas chil-
dren are less inclined or able to do so. This leads to a 
situation in which adult L2 speakers spend less time 
using the L2 and more time using their L1 than chil-
dren. Indeed, younger AoAs are related to greater loss 
of the L1 (or possibly incomplete acquisition for the 
youngest children, whose exposure may have ceased 
prior to their having learned some things), although 
there is some evidence that phonological aspects of a 
seemingly forgotten L1 remain for many years after 
the person has ceased using the language, facilitating 
relearning. There is also the total amount of input 
received, which is related to Length of Residence 
(LoR), which is often shorter for older learners, and 
so a possible explanation for differences in learning 
outcomes. However, most studies attempting to assess 
the effect of AoA on L2 learning outcomes purposely 
control for LoR to ensure that they are not inadver-
tently measuring input effects. Other nonbiological 
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variables that might result in AoA effects are more 
intrinsic to the individual than to the situation. 

For instance, adults may have different levels or 
kinds of motivation to learn the language than chil-
dren. And there is integration with the new culture: 
People who self-identify more closely with the new cul-
ture than the old one typically have better learning out-
comes, and individuals who immigrate at younger ages 
tend to identify with the new culture more than those 
who immigrate at older ages. But it is not clear if this 
is a cause or a consequence of AoA effects. Someone 
with better skills in the new language may more easily 
assimilate and so identify with the new rather than the 
old culture. Likewise, they may seek out more varied 
input in the language through engagement with dif-
ferent people, types of media, and so on, which could 
facilitate learning. It is important to point out that the 
various explanations of AoA effects are not mutually 
exclusive. Moreover, the causes of the AoA effect might 
vary for different aspects of linguistic knowledge.

Some of the arguments about the causes of AoA 
effects center around the nature of the correlation 
between age and learning outcomes. J. S. Johnson and 
E. L. Newport found two groups of nonnative per-
formers separated by AoA. There was a clear negative 
linear relationship between AoA and performance 
for those who began learning at 8 to 15 years of age 
(with native-like performance before that), but for 
speakers with an AoA of 17 years and older, there was 
no consistent relationship between AoA and perfor-
mance. Their results suggest that whatever causes 
the AoA effect is something that changes early in life 
but remains stable later on, with maturationally con-
trolled changes in brain plasticity or function being 
good candidates. However, other studies have found a 
continuing negative correlation between age of expo-
sure and learning outcomes even for speakers with 
older AoAs, suggesting that whatever underlies the 
AoA effects is not stable after the mid-to-late teens, 
but rather continues changing. Note that the conflict-
ing studies, although using the same measures, inves-
tigated learners with different LoRs and L1s, suggest-
ing that those variables also matter.

This brings up a major stumbling block to under-
standing AoA effects. L2 speakers are not a homog-
enous group. In addition to AoA, they differ in the 
languages involved; the situations in which they 
learned the L2, with some having formal instruction 
(of varying kinds and amounts) and others not; the 
degree and nature of their motivation to learn; their 

degree of integration with the culture associated with 
the second language; their level of education and lit-
eracy skills (in two languages); amount of daily use 
of the L1 and L2; years of experience with the L1 and 
L2; and previous exposure to the L2, to name just a 
few things that potentially impact language learning 
outcomes. In designing studies to assess the impact of 
AoA, researchers often implicitly or explicitly recruit 
participants who are quite similar to each other aside 
from AoA and so do not vary much on the other 
dimensions. Thus, any variation seen on other param-
eters, which are often ruled out statistically, may not be 
great enough to actually assess their effects.

Finally, it should be noted that AoA effects are not 
universal. Many researchers have found learners who 
appear to have achieved native-like knowledge despite 
being exposed to the L2 late in life. How native-like 
these individuals really are is debated, however. Often, 
their performance is not native-like across all aspects 
of the L2, or when more difficult or detailed language 
assessments are used. 

The fact remains, however, that some individu-
als can achieve a level of performance considered by 
at least some native speakers to be native-like. It is 
not clear whether these are individuals who learned 
the L2 in a different way or if they were not subject 
to the same maturational decline. At the other end 
of the spectrum are learners who began to learn an 
L2 in childhood but who ended up with nonnative-
like knowledge of the language. This latter group has 
received a great deal less attention in the literature, 
but the phenomenon may be more widespread than 
is typically acknowledged. L. W. Fillmore has writ-
ten extensively on children who immigrated to the 
United States but failed to acquire English well, a sit-
uation that has important implications for educators 
and policy makers. However, other more subtle dif-
ferences between young learners and native speakers 
may exist even in people who appear to have achieved 
native-like performance, suggesting that there is a 
difference between a native speaker exposed from 
birth (or before) and an L2 speaker who began learn-
ing in childhood.

Carla L. Hudson Kam
University of British Columbia

See	Also:	Adoption Studies of Second First-Language 
Acquisition; Bilingualism: Interactions Between 
Languages; Critical Period in Language Development; 



 Alignment (Interactive) 13

First Language Attrition and Loss in Bilinguals; Less-Is-
More Hypothesis; Universal Grammar. 
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Alignment	(Interactive)
Alignment is a general term used to refer to the conver-
gence of behaviors or representations associated with 
language between conversational partners. Research 
within a wide range of theoretical frameworks has 
found evidence that both first- and second-language 
learners align their language in many respects with 
that of their interlocutors in dialogue. These align-
ment effects have been explained with reference to 
social psychological, language learning, and psycho-
linguistic processing factors. More recent research has 
defined the notion of interactive alignment more nar-
rowly as the development of aligned representations 
via an automatic psycholinguistic priming mecha-
nism that acts on every level of linguistic represen-
tation. Alignment effects appear to be widespread in 
language learners’ dialogues and may be used to help 

explain the process of learning itself, but it is not yet 
clear whether all such effects can be attributed to a 
common set of causes. Overall, evidence suggests that 
children may show strong automatic, priming-based 
alignment effects but may be less likely to show align-
ment effects that depend upon the ability to adopt a 
conversational partner’s perspective.

Extensive experimental and observational studies 
suggest that children show sensitivity and adaptation 
to characteristics of their interlocutors’ language from 
the earliest stages of development. Relevant evidence 
includes demonstrations that babbling in the first 
year of life is shaped by the phonology of an interact-
ing partner and that early word learning in toddlers is 
closely related to the usage of adults with whom they 
interact. This sensitivity to partner behavior continues 
to manifest throughout childhood, showing continu-
ity with the pervasive linguistic alignment behaviors 
found in adult dialogue. Alignment occurs for many 
aspects of children’s linguistic structure: In addition 
to phonology and word use, studies have shown that 
preschool-aged children converge with conversational 
partners’ morphological markers, choice of syntactic 
structure (e.g., active or passive sentence), and non-
contentful aspects of speech such as speech rate and 
response latency. Studies of older (school-aged) chil-
dren additionally show convergence at levels con-
cerned with meaning (e.g., description schemes for 
spatial locations) as well as turn duration, pausing pat-
terns, and speech amplitude. At a grosser level, align-
ment of overall speech style, defined with respect to 
frequency of particular speech acts (e.g., compliments, 
direct instructions, or boasts), has also been observed.

Alignment	Effects
Some of these alignment effects are observed on a 
turn-by-turn basis (e.g., a child’s syntactic choice being 
determined by the syntax of a conversational partner’s 
immediately preceding utterance), whereas others 
appear to be more gradual and become apparent over 
the course of an interaction (e.g., slow adjustment of 
speech rate to approximate that of a partner). Related 
evidence shows longer-term effects (e.g., a tendency 
for a partner’s word choice to be used subsequently in 
a different interaction), although this may be seen as a 
consequence of alignment rather than alignment itself. 

Alignment effects are found in spontaneous con-
versation as well as in more structured (task-oriented) 
dialogues and in interactions with a range of partner 
types, including adults, younger and older children, 
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and even artificial (computer-based) agents. They are 
also found in children from special populations (e.g., 
children with autistic spectrum disorder and specific 
language impairment align abstract syntactic struc-
ture with a conversational partner), though alignment 
in such populations may sometimes involve different 
patterns from those found in typically developing 
children (e.g., echolalia in autistic spectrum disorder 
can be seen as an extreme form of alignment with a 
partner that involves verbatim repetition).

Phenomena that can be characterized as alignment 
effects have been studied in a variety of explanatory 
frameworks using a wide range of terminology. A large 
body of research has examined children’s alignment of 
speech style from the perspective of H. Giles and col-
leagues’ Speech Accommodation Theory and Com-
munication Accommodation Theory. These theories 
explain alignment in terms of social psychological fac-
tors that are associated with social identity and social 
relations, such as the desire to affiliate with a conversa-
tional partner. Alignment, termed convergence in this 
framework, is regarded as a goal-directed behavior 
that occurs in order to index or achieve solidarity with 
a partner, often in the context of different speech com-
munities, such that speakers align more strongly with 
partners with whom they wish to identify (e.g., as a 
means of expressing identification with peers versus 
parents). Research in this tradition emphasizes the role 
of children’s beliefs about their partners’ social charac-
teristics in determining alignment. Age-related differ-
ences in alignment (e.g., younger children’s failure or 
relative inaccuracy in aligning on some noncontentful 
aspects of speech) are explained in terms of the devel-
opment of mature psycholinguistic processes that 
allow rapid and relatively automatized integration of 
linguistic information from multiple sources.

Alignment of both language behavior and under-
lying meaning representations has also been consid-
ered within psychological frameworks that emphasize 
modeling of conversational partners’ mental states and, 
hence, the ability to engage in theory of mind and per-
spective taking, associated in particular with H. Clark 
and colleagues’ work. Within these accounts, speakers 
align language strategically in order to achieve success-
ful communication, using their partners’ choices as 
evidence for which representations are most likely to 
be correctly understood. As well as using aligned lan-
guage choices, speakers may also use interaction (e.g., 
asking partners for clarification about their intended 
meaning) to achieve alignment of mental models with 

their partner (i.e., having the same representation of 
the situation under discussion). 

Research by B. Keysar and colleagues on adult dia-
logue suggests that this kind of perspective taking is 
effortful and resource demanding. Most developmen-
tal research in this tradition has focused on how chil-
dren achieve aligned mental models with regard to ref-
erential communication, using tasks in which children 
have to describe objects for a partner to pick out (e.g., 
picking out a novel shape that does not have a conven-
tional name from an array of such shapes). A number 
of studies, beginning with S. Glucksberg, R. M. Krauss, 
and R. Weisberg’s seminal work, have investigated 
children’s ability to model their partners’ mental states 
and how this may impact communication, and have 
consistently shown children to be poor at estimating 
and accommodating their partners’ knowledge when 
it is different from their own (e.g., providing too little 
information for a referent to be uniquely identifiable). 
Children are also ineffective in using questions and 
feedback to signal and resolve difficulties in compre-
hending their partner’s contributions. These difficul-
ties in achieving alignment of mental models both 
in production and comprehension persist into late 
childhood, with some children as old as 13 years still 
showing poor performance in task-related dialogues. 
However, there has been relatively little study within 
this framework of the role that alignment of linguistic 
choices may play in successful communication.

The tendency for children to use the same kinds of 
language as their partners has also been studied exten-
sively by researchers concerned with imitation. Early 
research in this tradition focused on the extent to which 
children’s use of words, morphological markers, and 
semantic–syntactic structures could be seen as imita-
tions of their interlocutors’ utterances. More recently, 
usage-based models of language acquisition such as that 
of M. Tomasello have suggested that the development of 
linguistic representations is crucially dependent on the 
linguistic properties of the utterances to which children 
are exposed. Individual events of comprehension and 
production lead to the development and facilitation of 
linguistic representations. These accounts predict a close 
relationship between the linguistic representations that 
children hear and their own productions. 

For example, F. Chang and colleagues suggested an 
implicit error-based syntactic learning mechanism by 
which exposure to a passive sentence such as The man 
was chased by the dog adjusts weightings in the gram-
mar to make the passive structure more likely to be 
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used again in future. As well as increasing the likeli-
hood of its immediate reuse—resulting in alignment 
with a conversational partner—the change in weight-
ing also increases its likelihood of use in the longer 
term. Thus, alignment of linguistic choices in dialogue 
is seen as a short-term manifestation of a longer-term 
learning effect that gives rise to language acquisition. 
In these accounts, the focus is on the representations 
that children acquire rather than on the role of con-
versation itself or how alignment may affect success-
ful communication.

Recent research on adult dialogue has sought to 
explain alignment in terms of cognitive mechanisms 
that are similarly unmediated by beliefs about con-
versational partners’ social identity or mental states. 
The interactive alignment account, proposed by M. J. 
Pickering and S. C. Garrod, uses a narrow definition 
of alignment that is based on convergence of repre-
sentations (rather than behaviors). In this account, 
alignment of representations is largely automatic. It 
occurs via automatic priming mechanisms that oper-
ate at each level of linguistic representation so that 
processing an utterance with particular linguistic 
characteristics primes the relevant representations in 
the hearer, making them more susceptible to subse-
quent reuse. 

Crucially, in this account alignment plays a causal 
role in the achievement of mutual understanding. 
Alignment of one level of linguistic representation 
(e.g., choice of words) leads to alignment at other 
levels (e.g., choice of syntactic structure). Such align-
ment in turn leads to alignment of situation models 
so that interlocutors come to understand the relevant 
aspects of the world in the same way as each other—at 
which point, the conversation can be seen to be suc-
cessful. Aligned conversational partners will in turn 
tend to make similar linguistic choices to each other, 
thus promoting fluid conversation. Indeed, aligned 
partners are also likely to predict each other’s utter-
ances and coordinate their contributions without 
excessive pausing or overlap.

Such mechanisms can also apply to adult–child 
and child–child dialogue. In typical adult–child dia-
logue, the adult will tend to make choices that the 
child is likely to imitate within the dialogue. If the 
child has imperfect knowledge of the word or syntac-
tic construction used by the adult, learning beyond 
the context of the dialogue as well as alignment 
within the dialogue may occur. Studies show that 
children align with their conversational partners on 

linguistic representations that they do not produce 
spontaneously. Alignment of linguistic representa-
tions would also give rise to alignment of situation 
models, enhancing successful communication. The 
same framework can account for child–child interac-
tion, when both interlocutors have similar linguistic 
systems in place.

Recent evidence supports the hypothesis that align-
ment at one level of structure can enhance alignment 
at other levels in children. Children are more likely to 
repeat a partner’s syntax when they also repeat a part-
ner’s verb choice, though there is no such enhance-
ment of syntactic alignment when thematic roles are 
repeated (e.g., when both sentences involve agent and 
patient roles) than when the sentences involve differ-
ent thematic roles. However, there is no clear evidence 
for whether alignment of linguistic representations 
leads to more successful understanding. 

In a task in which children had to communicate 
their positions in a maze in order for both partners 
to navigate through it successfully, S. C. Garrod and 
A. Clark found evidence that alignment of lexical 
choices in dialogues between children could in fact 
lead to communication failure in situations in which 
children wrongly assumed that alignment of words 
signaled alignment of underlying referential inter-
pretation (e.g., that they and their partners were 
using the word square to refer to the same thing). In 
such cases, superficial alignment of linguistic repre-
sentations may mask misalignment on underlying 
meaning, and may mislead children into believing 
that communication has been successful. Garrod and  
Clark suggested that alignment of surface representa-
tions in dialogue may be a default behavior that chil-
dren must learn to suppress where communicatively 
disadvantageous as part of the process of becoming 
a mature language user. Studies of age-related dif-
ferences in the magnitude of alignment with conver-
sational partners have not produced conclusive evi-
dence in either direction.

Conclusion
Alignment effects also occur at many levels of struc-
ture in dialogues involving second-language learners 
and have been explained in similar ways. Most research 
has focused on sociolinguistic factors that mediate 
alignment (for example, attitudes toward the native 
speaker group), but increasing research is focused on 
how implicit priming mechanisms can give rise to 
short-term alignment (and potentially longer-term 
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learning) in ways that can scaffold language acquisi-
tion. This research suggests that alignment can take 
place between a first and second language (as well as 
within a second language) during dialogue and that 
it can facilitate the use of representations that the 
second-language learner might otherwise not use. 
Evidence for alignment in second-language learners 
is largely consistent with evidence from first-language 
development, although there is some suggestion that 
beliefs about conversational partners’ knowledge may 
play a larger role in adult language learners’ tendency 
to align linguistic representations. 

Although individual studies have generally 
explained alignment effects within one of the 
explanatory frameworks outlined above, they are not 
mutually exclusive, and it appears likely that social-
psychological factors may work in tandem with cog-
nitive psychological factors to determine the occur-
rence and extent of speakers’ alignment with their 
conversational partners in a particular communica-
tive context.

Holly P. Branigan
University of Edinburgh

Simon Garrod
University of Glasgow

Martin J. Pickering
University of Edinburgh
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Apraxia	of	Speech,	
Childhood
Childhood apraxia of speech (CAS) is a complex neu-
rodevelopmental speech disorder with an unknown 
etiology and lack of clarity regarding its pathophysi-
ology. CAS has also been discussed as a motor speech 
disorder because of an associated inability to plan 
movements that produce speech. Previously, CAS 
was labeled as either developmental apraxia of speech 
(DAS) or developmental verbal apraxia (DVA). How-
ever, DAS and DVA are no longer recommended as 
diagnostic terminology as the term developmental 
infers that the child may outgrow the disorder, accord-
ing to the American Speech-Language-Hearing Asso-
ciation (ASHA). CAS persists through late childhood 
with children reported to average 9 years of speech 
and other types of therapy. As children mature and 
maintain characteristics of CAS, their speech is still 
considered childhood apraxia to distinguish it from 
the speech of adult-acquired apraxia, which is often 
associated with strokes or other brain lesions.

In the absence of visible structural deformities of 
the face and articulators, precision and consistency 
of movements underlying speech are thought to be 
impaired. CAS typically emerges early in life, is found 
in specific neurological disabilities, and occurs in com-
plex neurobehavioral disorders with either known or 
unknown causes. To determine early motor speech 
abilities, parental interviews or questionnaires may be 
used to ask whether infants and toddlers had difficulty 
feeding, swallowing, sucking, or chewing. B. L. Davis 
and S. L. Velleman and M. Fish describe the common 
characteristics used as diagnostic cues to determine the 
presence of CAS to include whether the child played 
with babbling, produced canonical babbling, had lim-
ited productions of vowels and consonants, and had 
better receptive language than expressive language.

Lack of skill in producing intelligible speech is rec-
ognized as a primary impairment in children with 
CAS, although such children understand speech and 
language and seem to know what they want to say. 
This suggests that the neural circuitry from the brain 
may not have an uninterrupted pathway to speech 
musculature. One primary hallmark of CAS is vari-
ability of speech sound production, where each child 
has different combinations of speech sound errors. 
Another hallmark is the inconsistency of speech sound 
production, which involves the same sound being 
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spoken differently each time the child produces that 
sound. There are characteristics of CAS that overlap 
with multiple phonological or articulation disorders. 
Speech disabilities such as initial (time -> ime) or 
final consonant deletion (boat -> bo), cluster reduc-
tions (school -> kool), syllable omission (apple -> ap), 
substitution (th -> t), and distortion (s -> sh) may 
be observed in children with CAS and in those with 
other types of phonological disabilities. Inaccuracy 
in producing consonants and vowels, the appearance 
of groping for target speech sounds, difficulty imitat-
ing speech sounds and words, more errors on longer 
utterances, and oral motor difficulties also character-
ize CAS. While a number of other traits have been 
reported for CAS, a single child rarely experiences all 
of the reported characteristics. Prosodic difficulties 
involving the rate and timing of speech often distin-
guish CAS from other types of childhood disorders 
of language and of sound production. CAS observed 
in the absence of any known medical or neurological 
condition is called idiopathic CAS.

It has been difficult to estimate the prevalence of 
CAS due to the lack of a standard for inclusion cri-
teria and the frequency with which selected features 
of CAS overlap with other phonological and articula-
tory deficits. A few studies have provided some insight 
into the prevalence of CAS. For example, M. E. Mor-
ley suspected CAS occurred in 1.3 percent of children 
in England. In the United States, K. A. Yoss studied 
children referred to a university clinic and estimated 
a 1 percent prevalence rate. L. D. Shriberg and others 
employed a population estimate procedure to deter-
mine CAS prevalence, and results revealed one to two 
children per 1,000 or a population estimate of 0.125 
percent for CAS. The prevalence of CAS is estimated to 
be higher for males than for females. The incidence of 
CAS is reportedly increasing, because of the increas-
ing numbers of children with a range of neurodevel-
opmental disabilities that may co-occur with CAS. 
Yet, it is unclear whether the reported increase may 
be related to improvement in reporting, improvement 
in identification, or other variables. Given the lack of 
evidence on the prevalence of CAS, there is a need for 
a well-designed epidemiological investigation.

A traditional procedure for assessment of CAS 
incorporates a case history, a hearing screening, devel-
opmentally appropriate measures of receptive and 
expressive language, a spontaneous language sample, 
and nonspeech oral motor tasks. For CAS, the assess-
ment battery should encompass in-depth speech 

testing that contains a formal and an informal phono-
logical analysis where children are asked to perform 
imitation tasks for syllables and word shapes. A con-
sonantal (C) inventory should be recorded for speech 
sounds in isolation to determine if the child is capable 
of producing the target sound. A vowel (V) and a 
diphthong inventory for speech sounds in isolation 
and in syllables is important to determine presence 
of CAS, a task that is rarely completed in standard-
ized procedures. While speech sound inventories are 
symptoms of CAS, these are not the sole characteris-
tics used for the diagnosis. Speech sound inventories 
supplement the diagnosis made from using case his-
tory data, performance on multiple oral motor tasks, 
examination of the oral mechanism, and prosody and 
voice measures such as the Prosody-Voice Screening 
Profile (PVSP), according to Shriberg.

Treatment is traditionally based on determining 
strengths and weakness after interpreting results of 
assessments. Yet, for suspected CAS, the service pro-
vider may need to conduct a period of diagnostic 
therapy to differentiate whether the child has CAS 
versus dysarthria or CAS versus severe phonological 
disability. Treatment must be individualized for the 
child. A. J. Caruso and E. A. Strand suggest options 
related to motor learning tasks, phonetic placement, 
different types of cueing, integral stimulation, pro-
gressively approximating target sounds and shaping, 
as well as prosodic or tactile facilitation techniques.

Adele Proctor
University of Illinois at Champaign–Urbana
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Argument	Structure
One central challenge children face in learning syntax 
is determining the argument structure of verbs. An 
argument is a noun phrase that has a specific syntactic 
and semantic relation to a verb and that must be pres-
ent (or implied) in any sentence containing that verb 
in order for the sentence to be well formed. The syn-
tactic relationship is denoted by syntactic roles such as 
Subject and Object, and the semantic relationship by 
semantic roles such as Agent (entity that instigates an 
action) and Patient (entity that undergoes an action). 

Argument structure is the specification of the num-
ber and types of arguments required for a verb in that 
structure to be well formed. For instance, an intran-
sitive structure requires one Subject argument (e.g., 
Marion smiled), while a transitive structure requires 
both a Subject and an Object (e.g., Marion kicked the 
ball). Stereotypically, the Subject is an Agent, and the 
Object is a Patient, but other patterns are common 
(e.g., the Subject is an Experiencer in Elizabeth liked 
the vase because it experiences rather than instigates 
the liking). Most verbs appear in more than one argu-
ment structure.

The central debate surrounding the acquisition 
of argument structure, dating back to the late 1960s, 
concerns whether abstract knowledge underlying 
argument structure is innate (i.e., nativist) or gradu-
ally constructed based on patterns in the input (i.e., 
constructivist). Evidence comes from a wide variety 
of naturalistic and experimental studies assessing pat-
terns in children’s comprehension and production of 

argument structures. Much literature also focuses on 
how children retreat from argument structure over-
generalization errors such as Don’t giggle me to mean 
don’t make me giggle (where giggle is used transitively 
instead of intransitively). Consensus over the last 
decade is that children have a weak abstract represen-
tation of argument structure as early as 2 years of age 
but that input-based learning is also clearly evident.

Nativist	Position
The nativist position assumes that children are 
innately endowed with key knowledge that helps them 
break into the argument structure system: (1) syntac-
tic categories such as noun and verb, (2) semantic roles 
such as Agent and Patient, (3) syntactic roles such as 
Subject and Object, and (4) default linking rules that 
specify the relationship between semantic roles and 
syntactic roles (e.g., Agent = Subject). However, nativ-
ist researchers differ in whether they believe children 
initially use semantics or syntax as building blocks to 
bootstrap themselves into a fully abstract and adultlike 
system of argument structure. 

Under the semantic bootstrapping account, chil-
dren first use their knowledge of the world to discern 
verb meaning (e.g., a pushing event typically involves 
an Agent who does the pushing and a Patient that gets 
pushed) and then use innately specified rules to link 
semantics to syntax (e.g., Agent = Subject and Patient 
= Object). They use default mappings like Agent = 
Subject to build their understanding of syntactic roles 
and eventually extend this knowledge to less typical 
mappings. The strongest evidence comes from experi-
mental studies showing that children respect semantic 
classes of verbs in both their correct and erroneous 
productions of argument structure. 

Under the syntactic bootstrapping account, children 
first attend to the number of arguments a verb has and 
the syntactic arrangement in which they appear (e.g., 
in The duck is gorping the bunny, gorp requires a Subject 
and an Object). Children then use that syntactic infor-
mation to bootstrap themselves into the semantics of 
the verb (e.g. gorp denotes a causative action like push). 
The strongest evidence comes from preferential-look-
ing studies in which children initially hear a sentence 
like the one just mentioned while viewing a video in 
which two events occur simultaneously—here, a duck 
pushing a bunny up and down (i.e., a causative event) 
and the same duck and bunny both circling their right 
arms (i.e., a noncausative event). When presented in 
the test phase with two videos, one for each of the two 
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events, the children prefer to look at the video that cor-
responds with the syntax of the sentence they heard.

Constructivist	Position
The constructivist position, in contrast, assumes that 
children learn argument structure on the basis of gen-
eralizations from the input without the benefit of any 
innate knowledge other than general cognitive mecha-
nisms. Children begin with verb-specific argument 
structures (e.g., the verb eat requires an eater and a 
thing eaten) and gradually generalize these to more 
abstract categories (e.g., eat is a transitive verb with an 
Agent Subject and a Patient Object). The generaliza-
tion process eventually leads to verb-general represen-
tations of argument structure by around 3 years of age. 
The strongest evidence comes from numerous elicited 
production studies in which children who are taught 
a novel verb in one argument structure fail to reliably 
generalize it to other argument structures before age 3.

More recently, researchers have come to a compro-
mise position between the nativist and constructivist 
theories: that children do have weak abstract represen-
tations of argument structure as early as age 2 but also 
show clear effects of verb-specific knowledge such as 
stronger representations for verbs that are more fre-
quent in the input. This fits well with the overall pat-
tern that children show comprehension of argument 
structure earlier than they are able to produce it con-
sistently and reliably. Research on argument structure 
acquisition in the past decade has focused on explor-
ing the nature of weak argument structure representa-
tions and how they strengthen over time in interac-
tion with lexical learning. The strongest evidence so 
far comes from priming studies where children show 
persistence in expecting or producing the same argu-
ment structure that they heard in one or more previ-
ous utterances. Computational modeling of children’s 
input and subsequent productions is another promis-
ing avenue to contribute to this debate.

Most of the literature focuses on argument struc-
ture acquisition in English, where arguments are 
typically present in the input and where argument 
structure is indicated by word order. Other languages 
present challenges to both these assumptions. In 
many languages Subjects and Objects are frequently 
omitted, meaning that children apparently have far 
less evidence about which arguments are required 
for which verbs. In addition, many languages indicate 
syntactic roles through case marking, verbal agree-
ment, or animacy. In such languages, children have the 

extra problem of determining which cues to attend to, 
and in what balance, to assess argument structure.

Shanley Allen
University of Kaiserslautern
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Aspect
Aspect is a core semantic notion that refers to the ways 
that events unfold in time. It manifests in language in 
two distinct, but closely related, ways: lexical aspect 
and grammatical aspect. Lexical aspect refers to the 
inherent event properties expressed by a predicate. In 
a well-known paper, Z. Vendler laid out a taxonomy 
of lexical aspect types using three critical properties: 
whether the event described had a natural boundary 
point (telicity), involved dynamic change (stativity), 
or extended over time (durativity). 

Lexical aspect is conveyed primarily through 
the open-class content words of a sentence. When 
children begin to produce the forms of grammati-
cal aspect, they are highly influenced by these nat-
ural connections (see Table 1). By contrast, gram-
matical aspect refers to the temporal perspective a 
speaker takes on an event, such as whether one puts 
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the entire event into focus (perfective) or considers 
only its internal stages (imperfective). Grammatical 
aspect is typically expressed using a language’s mor-
phological system or other closed-class functional 
elements: for example, in English, the perfective is 
marked by the simple past (–ed) and the imperfec-
tive by the progressive construction (be V-ing). As 
discussed in B. Comrie’s classic book, the two kinds 
of aspects operate at different levels both conceptu-
ally and grammatically, but there are nevertheless 
natural connections between them. For example, 
the internal perspective of imperfective grammatical 
aspect fits naturally with events like walking, which 
last in time (+ durative) and don’t implicate a spe-
cial ending boundary (– telic), while the comple-
tion-oriented perspective of perfective grammatical 
aspect fits naturally with events like collapsed, which 
do specify a boundary point (+ telic) and have no 
internal stages to speak of (– durative).

When children begin to produce the forms of gram-
matical aspect, they are highly influenced by these nat-
ural connections. In particular, young children typi-
cally restrict their production of perfective aspectual 
markers to predicates that describe bounded events 
(e.g., creation events such as build a house) and imper-
fective aspectual markers to predicates that describe 
unbounded, durative activities (e.g., manners of motion 
such as run). For example, children acquiring English 
frequently say words like made and broke (bounded 
events with perfective marking) but not making and 
breaking (bounded events with imperfective marking); 
and similarly, children often utter playing and riding 
(unbounded activities with imperfective marking) but 
very rarely say played or rode (unbounded activities 
with perfective marking). This general pattern has been 
also been found among children acquiring French, Ital-
ian, Polish, Hebrew, Mandarin, and Japanese, among 
other languages. (A review of this data can be found in 
the book by P. Li and Y. Shirai.)

In all of these languages, this restriction of grammat-
ical aspect markers by lexical aspect type is not a part 
of the adult grammar—for example, in English, rode 
and making are perfectly grammatical forms. Thus, this 
pattern of usage is an under-extension error in which 
children systematically avoid legitimate forms in their 
language. However, it is an error that demonstrates a 
strong implicit awareness of the semantics of both lexi-
cal and grammatical aspects. Moreover, experimental 
investigations of children’s comprehension of aspectual 
forms have found that children do understand perfec-
tive and imperfective aspectual meaning some time 
between the ages of 3 and 4—including meaning com-
binations that correspond to forms that children do 
not typically say themselves. For example, in a series of 
papers by R. Weist and colleagues, preschool-age chil-
dren were able to correctly match the phrase the girl 
was drawing a flower (a combination children rarely 
say) to a scene showing a girl in the process of drawing 
and match the girl drew the flower to a scene showing 
the completed event.

Nevertheless, despite children’s success with a full 
range of aspectual combinations, they still find the 
natural combinations that they say to be easier to 
understand. Perhaps most strikingly, they also lever-
age the natural combinations to assist with word 
learning in a syntactic bootstrapping task. In work 
by D. Behrend and colleagues, children were shown 
a novel event with a distinctive action and end point. 
When children heard the event described with per-
fective aspect (She daxed), they generalized the verb 
to other events with the same end state, and when 
they heard the event described with imperfective 
aspect (She was daxing), they generalized the verb to 
other events with the same action type. That is, they 
used grammatical aspect morphology to draw infer-
ences about lexical aspect properties of meaning.

Many early accounts of children’s under-exten-
sion errors argued that it reflected a cognitive limi-
tation: Young children were thought to lack the 
conceptual resources to understand the perspective-
taking meaning of grammatical aspect and therefore 
interpreted the morphological forms as something 
they could understand, namely event properties of 
lexical aspect. However, this conceptual story can-
not account for children’s comprehension successes 
in controlled experiments. Recent accounts of chil-
dren’s full range of abilities appeal instead to com-
putational considerations. Coming from a connec-
tionist perspective, P. Li and Y. Shirai have argued 

Completive	Class Ongoing	Class

Lexical	Aspect Bounded (Telic) 
Punctual

Unbounded (Atelic) 
Durative

Grammatical	
Aspect

Perfective Imperfective

Tense Past Present

Table	1   Two critical classes in children’s early aspectual use 
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that the natural connections among the meanings 
of lexical and grammatical aspect arise out of dif-
ferences in the frequencies of different forms in chil-
dren’s input, which in turn shape the children’s own 
representations. Alternatively, L. Wagner has argued 
that the preferred combinations of forms reflect sit-
uations for which it is comparatively easy to deter-
mine truth conditions. 

One general source of support for computational 
accounts is found in the behaviors of adults, who show 
the same preferences as children in their own pro-
duction, comprehension, and processing of aspectual 
language. A further source of support comes from the 
work of B. W. Johnson and S. R. Morris, who found 
that the production of nonpreferred aspectual combi-
nations competes for processing resources with other 
language tasks, such as articulation. When children 
were asked to repeat nonpreferred aspectual combina-
tions (perfective with unbounded activities), their suc-
cess rates depended on how difficult it was to articulate 
the actual past-tense marking (e.g. walked is harder to 
produce than rolled). Children’s performance dipped 
when both the aspectual and phonological compo-
nents were difficult, suggesting that these two elements 
competed for limited processing resources. Ongoing 
research continues to investigate children’s develop-
ing abilities with aspect as well as the computational 
resources that support that knowledge.

Laura Wagner
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Assessment	of	Language	
Abilities
Researchers, educators, and clinicians, including 
speech language pathologists, clinical and educational 
psychologists, pediatricians, neurologists, and neu-
ropsychologists, conduct assessments of children’s 
language abilities for different purposes. A researcher 
may assess children’s language to investigate the age 
at which a child has acquired a specific aspect of lan-
guage, possibly to determine stages or phases of acqui-
sition or to find evidence of dissociation or association 
between different aspects of language (e.g., whether 
there is a correlation between lexical development and 
syntactic development), or cognitive (e.g., the relation 
between language development and executive func-
tions), or motor abilities (e.g., the ability to use one’s 
larynx to produce sounds). Educators and clinicians 
assess children to identify whether a child has reached 
a milestone that is expected based on his or her age 
and cultural and demographic backgrounds, a process 
labeled screening. Once evidence of delay or atypical 
language behavior has been identified, the same pro-
fessionals will want to better characterize the nature 
of the problems and use assessments to establish a 
diagnosis, for example, whether the child suffers from 
apraxia of speech or specific language impairment, 
which have different etiologies and will therefore be 
associated with different strengths and weaknesses and 
will require different treatment plans. 

Although the word assessment may be associated 
automatically with standardized tests, such tests con-
stitute only one type of assessment. Children’s lan-
guage assessments encompass case histories, indi-
vidual background information, questionnaires on 
cultural, demographic, and linguistic environments, 
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standardized tests, informal assessments, and 
communication, language, and speech behaviors 
observed by parents, educators, and clinicians; these 
assessments are described in more detail below. Lan-
guage assessment is extraordinarily complex because 
behaviors that pertain to language are multifaceted 
and are underpinned by different processes and rep-
resentations. It is further complicated by the fact that 
the assessment of children aims to make statements 
about the development of language abilities that may 
be impacted by various environmental factors. Dif-
ferent domains of knowledge and processes under-
pin distinct aspects of language behavior, including  
(1) knowledge of the sound patterns of a language 
(phonology) for spoken languages (and language-
specific visual-gestural patterns for sign languages) 
and their interactions with the way language is per-
ceived and understood (receptive language skills) and 
retrieved and articulated (productive language skills); 
(2) knowledge of the meaning of words, of word com-
binations, and of text (semantics); (3) knowledge of 
the structure of words (morphology) and of sentences 
(syntax); (4) knowledge of the organization of texts 
(discourse); and (5) use of language for communi-
cative purposes (pragmatics) that also involves non-
verbal behaviors such as eye gaze and gestures. The 
assessment of speech, language, and communication 
abilities involves the examination of each of the areas 
listed above as well as collateral areas.

In many developed countries, including the United 
States, newborns systematically undergo hearing 
screening. Head Start—a federally funded preschool 
program for low socioeconomic-status children and 
infants and toddlers with special education needs—
requires that participants are administered devel-
opmental screenings within 45 days of entering the 
program. They tap different aspects of development 
including cognitive, motor, and language skills that lead 
to the calculation of a composite score. The composite 
score, based on children’s performance in the different 
areas tested, determines whether they will require fur-
ther, more detailed evaluations. Many school districts 
also mandate the screenings of their students before 
they enter kindergarten in different areas such as hear-
ing, vision, speech, language, emergent literacy skills, 
and school readiness.

Different approaches to assessment are character-
ized by emphases on different components of the 
assessment process, that is, the collection and inter-
pretation of data that will assist in clinical decisions, 

including the management and intervention of clients 
with speech, language, communication, reading, and 
writing issues. The differential diagnosis approach 
involves interpreting relevant data to determine 
whether an issue exists in order to identify the etiol-
ogy of the problem as well as similarities and differ-
ences in relation to other problems—for instance, to 
determine whether usage of phonological processes 
beyond the age at which they are typically used stems 
from impaired hearing, articulation issues, or atypi-
cal phonological representations. In contrast, descrip-
tive-developmental models focus on the communica-
tive behaviors of the client rather than the principles 
that underpin the nature of the disorders. Finally the 
systems model of assessment places a great emphasis 
on the context in which the client operates, including 
family, cultural, and school contexts. These models 
are not mutually exclusive and can be combined by 
a clinician, depending on the theoretical orientation 
and the setting in which he or she works.

Whatever the context of the assessment, it typically 
involves teamwork. For instance, many Individual Edu-
cation Plans, that is, evaluations of preschool and school 
children whose developmental screening results point 
to delays, involve assessments by different profession-
als, including clinical psychologists, speech language 
pathologists, and occupational and physical therapists. 
The children themselves and their families constitute 
important partners in the assessment process.

The World Health Organization views disabilities 
as the result of the interactions between contextual 
factors and health status. In this framework a dis-
ability is defined around three dimensions, includ-
ing (1) impairments that involve physical or mental 
health problems such as a hearing impairment or 
autism spectrum disorder, (2) activity limitations due 
to hearing impairment or autism spectrum disorders 
while performing specific tasks (such as producing or 
understanding speech), and (3) participation restric-
tions that limit the child with a hearing impairment 
or autism spectrum disorder with respect to involve-
ment in family, social, school, or professional life. It is 
important to bear in mind that impairments do not 
determine participation restrictions. For instance, a 
child with a severe hearing impairment born in a deaf 
family using American Sign Language will enjoy a rich 
linguistic and communicative environment that will 
contribute to his or her socioemotional well-being 
and cognitive development. In contrast, a child born 
with the same severe hearing impairment in a hearing 
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family who uses a spoken language will be unable to 
converse with his or her family. When conducting an 
assessment, the impairment, the activity limitations, 
and the participation restrictions must be taken into 
account.

As mentioned above, assessments have different 
purposes. Screening enables clinicians and educators 
to decide if there is a problem that requires further, 
more detailed examination. Assessments are also used 
to identify the impairment: This is what is called the 
establishment of the differential diagnosis. One of the 
important challenges in this process is that the detailed 
assessment is supposed to be an examination of a 
child’s speech, communication, and language abili-
ties. It is important in both screening and determin-
ing the differential diagnosis to distinguish between 
cultural and linguistic difference and impairment. A 
child who has been exposed to a language other than 
English from birth, for instance, cannot be diagnosed 
with a language disability after he or she performs 
poorly on English language tests. The performance 
does not reflect language ability but limited exposure 
to English. An assessment of this child’s language abil-
ity requires the examination of performance in the 
language(s) to which he or she has been exposed.

When clinical services are funded by a public 
source or a third party (such as a medical insurance), 
specific eligibility criteria determine the child’s 
access to services, and these include guidelines that 
pertain to the assessment process. In the United 
States, the Individuals With Disabilities Education 
Improvement Act prescribes that children whose 
impairments negatively impact their academic suc-
cess benefit from appropriate clinical services. In 
order for the child to access such services, the dis-
ability must be documented through the process of 
detailed assessments. When a child is shown to be 
performing one and a half to two standard devia-
tions lower than his or her age-matched peer (raised 
in comparable linguistic and demographic environ-
ments), access to relevant clinical services is granted. 
The Individual Education Plan consists of the results 
of the assessment combined with the type of ser-
vices that this child will have access to (e.g., physical 
therapy, psychology, speech language pathology, or 
occupational therapy) and the number of hours for 
each clinical specialty.

Prior to developing individualized intervention 
targets, a baseline must be established for the child, 
against which progress will be measured. While doing 

so, it is essential to identify both the strengths and the 
weaknesses of the client. Many factors must be con-
sidered when developing potential treatment goals. 
These include developmental appropriateness and 
the priorities with respect to the child’s functioning in 
family, social, and school contexts. The identification 
of the child’s potential responsiveness to treatments 
may be established using interactions that probe his 
or her stimulability (i.e., the ability to respond) and 
performances with cues and prompting, a type of 
assessment that is referred to as dynamic assessment. 
Once the clinicians implement the intervention, they 
will continue to conduct assessments in order to track 
and document the child’s progress.

Three types of assessments—observational tools 
and norm- and criterion-referenced tests—are distin-
guished. Their use depends on the objectives of the 
assessment.

Observational	Tools	
Observational tools are varied and include question-
naires completed by parents, clinicians, and educators 
that tap specific behaviors, interviews and recordings, 
and analyses of language samples. These are used with 
the goal of determining the existence and scope of a 
speech, language, or communication behavior, not to 
compare a child’s performance to a predetermined 
norm. Observational methods involve quantitative 
and qualitative analyses that require a high level of 
training for the clinician and educator and prescribed 
criteria to analyze and interpret the data. Ethno-
graphic interviews—one type of qualitative method-
ology—are effective in gathering information about 
children from culturally, ethnically, and linguistically 
diverse backgrounds.

Questionnaires to be completed by parents doc-
ument behaviors that occur in different contexts, 
and have been shown to be reliable for infants and 
toddlers. Questionnaires are often used to screen 
young children’s language abilities (e.g., the MacAr-
thur-Bates Communicative Development Inventories) 
and communicative behaviors, for example, for the 
presence or absence of symptoms of autism spec-
trum disorders (e.g., the Vineland Adaptive Behav-
ior Scales developed by S. Sparrow, D. Cicchetti, and 
D. A. Baila). Another area in which questionnaires 
have been found useful is the examination of atti-
tude: Sometimes there is a relation between a child’s 
perception of the impairment and the disorder, for 
example, in the case of stuttering.
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With respect to the collection and analysis of lan-
guage samples, which can be extremely useful, but 
effortful and time-consuming, technological tools are 
now available to facilitate analyses. The Systematic 
Analysis of Language Transcripts (SALT) made avail-
able by J. Miller and A. Iglesias enables researchers 
and clinicians to compare a language sample collected 
from their clients to norms gathered on large num-
bers of children that can be matched for age, sex, and 
context of recordings. The automatic analyses that the 
software conducts focus on lexicon, morphology, syn-
tax, and discourse. More recently, the Language ENvi-
ronment Analysis (LENA) foundation has been mak-
ing a recording device available to parents, clinicians, 
and researchers that enables the recording, transcrip-
tion, and analyses of language samples. As explained 
by J. Gilkerson and J. A. Richards, the analyses focus 
on phonology in addition to morphology, syntax, the 
lexicon, and conversational turns.

Norm-Referenced	Tools
Norm-referenced tools that are standardized provide 
means to compare a child’s individual performance to 
those of children matched on relevant demographic 
and environmental variables. Norm-referenced tests 
enable educators and clinicians to determine whether 
a child displays typical behaviors or is precocious or 
delayed. Reliability and validity characterize norm-
referenced tests. Reliability pertains to the property of 
a test to actually measure what it claims to measure 
beyond the influence of factors such as the charac-
teristics of the tester (i.e., inter-rater or inter-coder 
reliability), interindividual variation in the client’s 
performance (test–retest reliability), and responses to 
distinct sets of stimuli included in the same section 
of the test (i.e., internal consistency). Many clinicians 
follow the guideline proposed in 1998 by J. Salvia 
and J. E. Ysseldyke, who recommend a 0.90 correla-
tion coefficient as a minimum criterion to consider a 
norm-referenced test reliable. 

Norm-referenced tools may focus on specific 
aspects of language, such as the Goldman-Fristoe 
Test of Articulation developed by R. Goldman and M. 
Fristoe or the Peabody Picture Vocabulary Test con-
ceived by L. M. Dunn and D. M. Dunn. Such tools 
enable a clinician to assess different aspects of lan-
guage, such as morphology, syntax, and semantics 
(e.g., the Clinical Evaluation of Language Fundamen-
tals created by E. Semel, E. H. Wiig, and W. A. Sec-
ord and the Preschool Language Scales developed by 

Lee Zimmerman, V. G. Steiner, and R. Evatt Pond) or 
provide insights into different aspects of language, 
literacy, and cognition (e.g., the Woodcock-Johnson 
Tests of Cognitive Abilities created by R. W. Wood-
cock, K. S. McGrew, and N. Mather). 

The second-most important property of norm-
reference tests is validity. A test does not have valid-
ity in an absolute sense; it depends on how it is used. 
For instance, it is inappropriate to use tests that have 
been standardized on monolingual English speakers 
on children who have also been exposed to other lan-
guages. A test is valid for children who can be matched 
on demographic, linguistic, and cultural variables 
with the population on which it has been normed. 
For this reason, the New York City Board of Educa-
tion requires that the evaluation for the Individual 
Education Plan of children who use a language other 
than English at home contain a caveat regarding the 
use of normed tests: They are not to be employed to 
draw direct comparisons between users of languages 
other than English and their English monolingual age 
peers. When using a normed test, researchers, clini-
cians, and educators must check the characteristics of 
the norming population sample on whom the test has 
been standardized, including the size of the sample, 
to account for interindividual variation and the vari-
ables that characterize the population.

Content, construct, and criterion-related valid-
ity all have to do with the extent to which the test 
measures what it is supposed to measure. Content 
validity has to do with the adequacy of the test items 
in relation to the specific skill and domain of knowl-
edge under investigation. Construct validity pertains 
to the theoretical construct that the test claims to 
assess. For instance, when developing a test that is 
supposed to investigate children’s comprehension of 
sentences, it is important to ensure that they know 
the meaning of the individual words used in the tests; 
otherwise, it is impossible to determine whether their 
poor performance on this test may be due to their 
lack of comprehension of individual lexical items 
or their sentence comprehension. If the content and 
construct validity of a test are high, one expects its 
criterion-related validity to also be high. Criterion-
related validity has to do with degree of correlation 
of the performances of the same individual at the 
same developmental stage on tests that are supposed 
to measure the same aspect of language or commu-
nication. In contrast, predictive validity pertains to 
the degree to which an individual performance at 
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time two can be predicted on the basis of his or her 
performance at time one.

With respect to the interpretation of normed tests, 
there are two types of derived scores: Developmen-
tal scores enable testers to place the performance of 
the child in relation to children of a particular age 
or grade, whereas scores of relative standing such as 
percentile ranks and standard scores facilitate com-
parisons with other children of the same age or grade 
as well as among different tests or subtests taken by 
the same individual.

Normed tests are very useful to researchers, edu-
cators, and clinicians when they are used appropri-
ately. This is why detailed information regarding 
reliability, validity, and normed samples must be 
provided in the manual as well as clear guidelines 
regarding the administration of the test. Standard-
ized tests are contrasted with criterion-referenced 
procedures that do not facilitate the comparison of 
an individual child’s performance with his or her 
age or grade peers. The aim of a criterion-referenced 
procedure is to assess a level of mastery of a skill or 
domain of knowledge in relation to an absolute. Cri-
terion-referenced procedures that are available com-
mercially or developed by clinicians and educators 
themselves are useful to establish a baseline before an 
intervention is implemented.

Informal assessments, also called probes, are often 
criterion referenced, and despite their names, these 
assessment tools developed by clinicians and educa-
tors are structured, and their interpretation requires 
sophisticated and systematic observational skills. They 
result in the detailed examination of specific behaviors 
and skills. Recent development in the field has empha-
sized the relevance of criterion-referenced instru-
ments, such as authentic and functional assessments 
that involve tasks that are related to a child’s real-life 
environment and to his or her communicative needs.

Receptive and productive skills that underpin the 
core areas of language, including its form (phonology, 
morphology, and syntax), its content (semantics), 
and its use (pragmatics), may be assessed in differ-
ent modalities, including spoken and visual–gestural. 
Additional areas that are assessed to measure a child’s 
language and communication abilities and to iden-
tify the etiology of a possible impairment are speech 
mechanism, voice, fluency, and hearing. Finally, 
because different aspects of language and commu-
nication may be tied to, or reflect, other aspects of 
development, it may be necessary to assess nonverbal 

skills, cognitive level, socioemotional behavior, and 
gross and fine motor skills if appropriate, depending 
on the child’s age, schooling, and literacy.

Conclusion
To conclude, the assessment of children’s language 
abilities is complex and requires the examination of 
core areas of language, peripheral abilities, and vari-
ous related aspects of development. Educators, cli-
nicians, and researchers must develop sophisticated 
observational skills and receive adequate training on 
the relevant assessment tools. The selection of assess-
ment tools depends on the aim of the evaluation and 
must consider the linguistic and demographic con-
texts in which the child is raised. 
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Associative	Processes
Associative learning is a fundamental learning mecha-
nism humans share with other species. The process 
of associative learning entails linking aspects of the 
environment that reliably predict one another. This 
general learning mechanism has been well captured by 
the Rescorla–Wagner model, in which cues are asso-
ciated with outcomes to the degree that they reduce 
uncertainty about the outcome. Human languages 
consist of many predictive patterns that are encoded 
as statistical regularities in language input, and infants, 
children, and adults are highly sensitive to these cues 
to language structure. Associative learning plays a role 
in many aspects of language learning—from perceiv-
ing where words begin and end in fluent speech (word 
segmentation), to learning word meanings, to forming 
categories of words and inferring rules for how words 
are combined. Statistical learning is a contemporary 
topic in language development that refers to learning 
mechanisms that not only count the raw frequency of 
linguistic events (e.g., syllable bigrams) but also com-
pute metrics related to relative probability, such as 
conditional probabilities or mutual information. Such 
computations rely directly on the associative learning 
processes proposed by the Rescorla–Wagner model.

The Rescorla–Wagner model, ΔV=αβ(λ-V), spec-
ifies how the association strength between a cue and 
an outcome changes based on three important com-
ponents of the learning process: (1) the prior strength 
of the association (V), (2) the salience of the cue 
(α), and (3) the individual learning rate (β). While 
at an abstract level associative learning is a simple, 
domain-general process, the interplay of these three 
components means that associative learning is tightly 
coupled to the details of the learner’s attention and 
previous experiences. The types of associations that 
are learnable will change over time as the learner gains 
experience within a particular domain.

Associative learning has been well studied in ani-
mals, with a large body of work investigating how 
animals learn to predict events. Research in nonlin-
guistic domains with human learners has confirmed 
that the Rescorla–Wagner model is fundamental to the 

understanding of how knowledge emerges. Neural net-
work models, often termed connectionist models, have 
been used to study how complex learning can emerge 
from simple associative processes (see section on asso-
ciative systems below). These models have proven 
extremely valuable for understanding how the types 
of computational tasks faced by human learners can 
be solved by an associative mechanism. Initially, this 
research was largely separated from behavioral investi-
gations of language learning. When a highly influential 
set of experiments demonstrated that 8-month-old 
infants listening to an unknown language keep track 
of how likely particular syllables are to follow one 
another, the door was opened to investigate the role 
associative learning plays in language acquisition as  
R. N. Aslin, J. R. Saffran, and E. L. Newport have done. 

Finding	Structure	in	Speech:	Associative	Learning	
Perceiving speech as consisting of individual words 
is an important early step for language acquisition. 
Statistical learning provides a domain-general mech-
anism to help infants find where words begin and 
end. Word boundaries are marked by a constellation 
of probabilistic cues. One such cue is the transitional 
probability structure of syllables within the speech 
stream or how likely one syllable is to follow another. 
Because individual words are used in many differ-
ent sentence contexts, the syllable transitions within 
words tend to be more predictable than syllable tran-
sitions between words.  

To test how learners use this distributional (or 
statistical) information, researchers have employed 
small, artificial languages in order to control precisely 
both the structure that could be learned and partici-
pants’ starting knowledge. After just a few minutes of 
exposure to such languages, infants (as well as chil-
dren and adults) are able to discriminate between 
syllable sequences with high transitional probabil-
ity (possible words) and those with low transitional 
probability (unlikely to be words). Thus, associating 
syllables that are mutually predictive serves to change 
the way that infants attend to the speech stream as 
they transition from hearing a continuous stream of 
syllables to a series of words. Attention to distribu-
tional information may also allow infants to discover 
additional cues to word boundaries that are specific 
to their native language, such as patterns of syllable 
stress. In these ways, associative learning at one level 
highlights additional cues or layers of structure that 
can then serve as the substrate for later learning.
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Just as the predictability of syllable transitions is a 
cue to word boundaries, the sequential distribution of 
words is a cue to lexical categories and rules of syntax. 
T. Mintz described how, in speech to English-learning 
infants, words that fall into different lexical categories 
such as nouns and verbs appear in different contexts 
within utterances. For example, in the phrase the X is 
going, X is likely to be a noun, and in the phrase is X-ing, 
X is likely to be a verb. Infants are able to draw on such 
distributional information to categorize words as well 
as to learn rules governing classes of words, such as 
phrase structure. Infants can also extend the rules they 
learn beyond the specific tokens given in the original 
corpus, discriminating between novel strings that fol-
low or violate the rule. Tracking distributional infor-
mation in statistical language learning is a basic way to 
extract structure from the environment.

Linking	Words	to	the	World	Through		
Associative	Learning	
Linking words with their meanings is another area 
in which associative processes are important for 
language acquisition. The very essence of learning 
a word’s meaning is connecting the spoken lexical 
form with semantics. While this process appears sim-
ple on the surface, there are myriad ambiguities to 
resolve in order to settle on a word’s referent, even in 
the case of learning concrete object names. Imagine 
a parent helpfully labeling a toy for an infant, point-
ing and saying ball. The infant must determine that 
ball refers to the object itself, not its color, the shapes 
that decorate it, its texture or bounciness, its size, its 
position on the floor, or the blocks sitting next to it. 
Further, infants must learn that ball refers not just 
to that particular ball but also to many other objects 
that have the same overall shape but vary along all of 
those irrelevant (for labeling) dimensions.

One way for learners to resolve these ambiguities 
is to track over time which objects the label ball tends 
to co-occur with, in other words, which objects and 
words selectively predict one another. For example, 
the child will hear the parent refer to the ball when 
the ball is in many different places in the house. While 
for any single naming instance it may be ambigu-
ous whether the parent was referring to the ball (or 
the blocks, for example), across instances the ball 
will co-occur with ball more reliably than other 
objects. This type of word learning has been termed 
cross-situational or statistical word learning because 
the learner aggregates information across multiple 

labeling instances in order to settle on the most likely 
referent of a word. Cross-situational word learning 
has been investigated in laboratory studies in which 
participants are exposed to multiple learning trials, 
each of which contains several unfamiliar objects 
that are labeled auditorally with unfamiliar words. 
However, no information is provided to mark which 
word goes with which object, making the label–object 
mappings for individual trials ambiguous. Across 
multiple learning situations, objects are consistently 
labeled with the same word so that learners can infer 
word meanings by tracking which words and objects 
reliably co-occur. C. Yu and L. B. Smith found that 
infants, children, and adults all succeed in this task, 
sometimes learning a large number of words. 

While cross-situational learning can help resolve 
local ambiguities about specific object–label map-
pings, it can also lead learners to abstractions that 
drive learning on a larger scale. For example, when 
learning a label for a novel object, most learners 
(over 2 years of age) will readily extend the label to 
new objects that share the same shape as the original 
object, a phenomenon known as the shape bias. Many 
of the earliest-learned words are for object categories 
that are well organized by shape. As infants build this 
early word knowledge, they can notice that balls are all 
ball-shaped and cups are all cup-shaped. Linda Smith 
and her colleagues have argued that associating spe-
cific labels with specific shapes shifts infants’ attention 
to shape as a reliable cue to category membership. This 
increased attention to shape allows toddlers to employ 
the shape bias to rapidly extend new words appro-
priately. The acquisition of the shape bias is another 
example of how associative processes change over time. 
As knowledge is acquired, the learner shifts attention 
from one source of information to another. Because 
of this, learning can look dramatically different even 
though the underlying mechanisms remain the same. 
The next sections lay out more explicitly some mecha-
nisms used in associative language learning.

Attention	in	Associative	Language	Learning
Associative learning is often thought to be restricted 
to events that co-occur in time. However, extensive 
work with animals in classical conditioning experi-
ments has demonstrated that associative learning is 
not just about co-occurrence information but rather 
about predictive validity. Cues and outcomes can be 
separated in time, and it is even possible for the out-
come to precede the cue, making associative learning 
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a flexible process. In addition, work with animals has 
clearly shown that what is known influences what can 
be learned. For example, when a second cue is intro-
duced that predicts an outcome for which the animal 
has already learned an association with another cue, 
the animal will fail to learn the relation between the 
second cue and the outcome, a phenomenon called 
blocking. Blocking arises from competition between 
cues for associative strength with a particular outcome, 
a process captured in the Rescorla–Wagner model.

In word learning, there are interesting parallels 
to blocking. In one common paradigm, learners are 
presented with an object for which they have a name 
(e.g., a toy car) and a novel object for which they do 
not already have a name. The experimenter uses a 
nonce label to request a toy (e.g., give me the meb). 
Under these circumstances, most of the time the par-
ticipant will hand the experimenter the novel toy. 
This finding is quite robust, even in young toddlers, 
and is often referred to as the mutual exclusivity bias. 
The behavior appears to demonstrate that even early 
word learners assume that each object has only one 
name, a bias that is specific to the language domain. 
The mutual exclusivity bias can also be understood 
in terms of blocking: The participant has already 
learned a reliable association between the familiar 
object and its label. When a novel label is presented in 
this context, the familiar label blocks the association 
between the novel label and the familiar object. Thus, 
rather than a bias that is specific to language, mutual 
exclusivity can instead be seen as resulting from basic 
associative learning.

While blocking provides a domain-general inter-
pretation of learners’ preference to associate novel 
labels with novel objects, the high-level description 
given above does not explain why blocking (or, more 
generally, competition between cues) should happen 
in the first place. An understanding of the dynamics 
of learners’ attention is needed to explain why some 
cues (e.g., words or objects) are more salient or some 
relationships more readily learnable. For example, 
novelty is known to draw infants’ attention, and rela-
tively novel objects may therefore outcompete famil-
iar objects as potential referents. Learners’ real-time 
attention influences the likelihood of associating a 
particular label and object.

Attention dynamics also influence word learning 
processes through the constraints that infants’ develop-
ing bodies impose on their visual attention. A picture 
of a play area taken from a third-person perspective 

looks like a jumble of toys all competing for the infants’ 
attention. Such a crowded space seems to create special 
difficulties for selecting possible referents for words that 
the infant hears, even when the objects being labeled 
are in view. However, when one considers instead the 
first-person perspective of the infant sitting on the 
floor, the view becomes quite different. Instead of the 
toys spread all over the floor, the infant has in view only 
a few that are in the immediate vicinity. Their short 
arms mean that infants are often focusing on objects 
within a very short radius, L.B. Smith, C. Yu, and A. F. 
Pereira have explained, and that objects held by infants 
tend to fill most of their visual field. Thus, some of the 
work of selective attention is done by the infants’ body, 
constraining the possibilities for learning.

Constraining attention during learning also plays a 
role in whether learners are able to generalize patterns 
beyond the specific input. Such generalization requires 
moving beyond specific surface features to encoding 
category membership and the relationship between 
elements. The likelihood that learners will encode 
high-order relations depends on the salience of those 
relations and how consistently they are marked, sug-
gest R. N. Aslin and E. L. Newport. Familiar stimuli 
are easier to categorize because the learner already has 
experience with the correlated cues that mark category 
structure. When new categories must be learned, cues 
like repetition of elements and temporal proximity 
can make abstraction easier. Learners also benefit from 
the presence of multiple correlated cues marking cat-
egory membership, even if those cues are probabilis-
tic. These properties of the input help direct learners’ 
attention to relevant structure.

Associative	Systems	and	Development
The discussions of blocking and generalization above 
highlight that the process of associative learning is 
far more complex than forming isolated associations 
between individual events or behaviors. Rather, learn-
ers are acquiring a system of knowledge in which vari-
ous associations among different kinds of events are 
highly interdependent, and learning emerges from the 
interplay among structure in the environment, prior 
knowledge, and real-time attention.

Simulation studies using neural networks provide 
compelling evidence of associative learning as a sys-
tem. These models consist of two layers of individual 
units (i.e., idealized neurons) that represent the two 
events to be associated. Frequently, these layers are 
conceptualized as an input layer representing some 
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sensory input (e.g., a word) and an output layer rep-
resenting some behavior (e.g., selecting an object). 
Initially, the output that a network produces for a par-
ticular input (e.g., a word) will not be specific to that 
input. However, the network is trained to link specific 
patterns of input and output activation analogously 
to a classical learning paradigm in which an associa-
tion between two stimuli, or between a behavior and a 
stimulus, is learned over time. This training consists of 
tuning the connections (i.e., associations) between dif-
ferent units in the network by employing algorithms 
derived from the Rescorla–Wagner model. Each con-
nection employs only simple rules, but the aggregate 
network is capable of complex behavior as it gains 
experience within a domain.

Neural networks can develop rich internal rep-
resentations in the connection weights themselves 
or in additional hidden layers that sit between the 
input and output layers. These internal representa-
tions allow for implicit categorization of elements 
that share properties useful for prediction. For exam-
ple, words that typically occur in similar syntactic 
contexts will generate similar predictions for likely 
continuations of an utterance, leading to functional 
lexical categories. Likewise, if a particular semantic 
property (e.g., shape) reliably predicts objects that 
are given the same label, as the network learns to link 
labels and semantics, that property will guide how 
the network learns and extends new labels.

Self-organization by neural networks means that 
associative learning is a highly efficient process in 
which prior learning feeds how the network uses new 
information: The same input provided at different 
points in the network’s development will produce 
different representations and different output. In 
this way, a domain-general process can develop into 
a domain-specific one. Simulations of vocabulary 
acquisition have demonstrated that seemingly quali-
tative shifts in behavior can arise from a continu-
ous associative process. Early word learning is slow, 
but during the second year of life there is a dramatic 
increase in the rate at which infants add words to their 
vocabularies, a phenomenon known as the vocabu-
lary spurt. A neural network simulating word learning 
similarly begins with a slow rate of associating words 
and referents. However, as the network accumulates 
knowledge, this prior experience facilitates subse-
quent learning and accelerates the rate of acquisition. 
The network produces a vocabulary spurt without 
any change in learning mechanism. These findings 

suggest that associative processes play a central role in 
language development.

Alexa R. Romberg 
Chen Yu

Indiana University

See	Also:	Auditory Sequence/Artificial Grammar Learning; 
Category-Based Induction; Connectionist Models of 
Language Development; Cross-Situational Word Learning; 
Distributional Knowledge and Language Learning; 
Domain Specificity; Grammatical Categories; Multiple 
Cues in Language Acquisition; Prediction in Language 
Learning, Role of; Statistical Learning; Vocabulary Spurt.

Further	Readings
Aslin, R. N. and E. L. Newport. “Statistical Learning: From 

Acquiring Specific Items to Forming General Rules.” 
Current Directions in Psychological Science, v.21 (2012).

Aslin, R. N., J. R. Saffran, and E. L. Newport. 
“Computation of Conditional Probability Statistics by 
8-Month-Old Infants.” Psychological Science, v.9 (1998).

Gluck, M. A. and G. H. Bower. “From Conditioning to 
Category Learning.” Journal of Experimental Psychology: 
General, v.117 (1988).

Mintz, T. “Frequent Frames as a Cue for Grammatical 
Categories in Child-Directed Speech.” Cognition, v.90 
(2003).

Romberg, A. R. and J. R. Saffran. “Statistical Learning and 
Language Acquisition.” Wiley Interdisciplinary Reviews: 
Cognitive Science, v.1 (2010).

Smith, L. B. “Learning How to Learn Words: An Associative 
Crane.” In Becoming a Word Learner, R. M. Golinkoff, 
et al., eds. New York: Oxford University Press, 2000.

Smith, L.B., C. Yu, and A. F. Pereira. “Not Your Mother’s 
View: The Dynamics of Toddler Visual Experience.” 
Developmental Science, v.14/1 (2011).

Yu, C. and L. B. Smith. “Rapid Word Learning Under 
Uncertainty Via Cross-Situational Statistics.” 
Psychological Science, v.18 (2007).

Auditory	Processing	and	
Language	Impairments
Deficits in the processing of auditory input by the cen-
tral nervous system have been proposed as causal fac-
tors in impairments of spoken and written language. 
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Overall, the available evidence suggests that many 
individuals with spoken and written language impair-
ments also exhibit some kind of auditory processing 
deficit. However, there is not strong evidence that 
these auditory processing deficits play causal roles in 
language impairments for several reasons: (1) Not all 
individuals with language impairments have auditory 
processing deficits; (2) interventions that target audi-
tory processing do not consistently lead to improve-
ments in language; (3) auditory processing deficits are 
not always the best predictors of language outcomes; 
and (4) there may be other explanations for poor per-
formance on auditory processing tasks. Some hypoth-
eses regarding the role of auditory processing in lan-
guage impairments have been widely investigated; 
others are more recent with growing bodies of evi-
dence. Further research is needed in order to explain 
if and how auditory processing deficits contribute to 
language impairments.

Definitions
Auditory processing refers to the ways that the central 
nervous system analyzes and synthesizes auditory sig-
nals from the peripheral hearing system. According to 
the American Speech-Language-Hearing Association, 
a number of diverse skills and abilities rely on audi-
tory processing, such as temporal discrimination and 
ordering (determining when and in what order sounds 
occur), discriminating between sounds (determining 
if two sounds are the same or different), recogniz-
ing sound patterns (determining whether a sound is 
familiar), managing competing auditory signals (e.g., 
attending to one conversation at a party), and pro-
cessing degraded auditory signals (e.g., understand-
ing speech over a poor telephone connection). Along 
with these functions, the term auditory processing 
may be used to refer to early stages of identification 
of speech signals (e.g., categorization of phonemes), 
but there is not an agreed-upon boundary between 
auditory processing and language processing. Indeed, 
the difficulty in establishing such a boundary contrib-
utes to debates about the role of auditory processing 
in language impairments.

Specific language impairment (SLI) is a diagnostic 
label applied when a child’s language development 
is not age appropriate, but his or her atypical lan-
guage cannot be explained by factors such as hear-
ing impairment, intellectual disability, neurological 
damage or disease, or behavioral disturbances such 
as autism spectrum disorder. The SLI label is also 

not appropriate unless the child has had adequate 
opportunities to learn language. Most researchers 
do not exclude children with phonological prob-
lems from the SLI category; however, if only pho-
nology is affected, the child is considered to have a 
phonological disorder, not SLI. All areas of language 
are affected to some extent in most cases of SLI, but 
grammatical morphology is an area of extraordi-
nary difficulty. Across languages, children with SLI 
are less accurate than same-age peers in producing 
morphology marking verb tense or person, number, 
and gender agreement. Although the word specific 
implies that children with SLI do not have difficul-
ties in cognitive abilities other than language, they do 
show deficits in several types of nonlinguistic tasks 
(e.g., mental rotation, sustained attention, process-
ing speed, nonverbal pattern learning, and working 
memory). Thus, while language is the greatest area 
of weakness, it is not the only area of weakness for 
children with SLI. There is a substantial body of lit-
erature suggesting that auditory processing deficits 
are associated with, and possibly contribute to, SLI.

Like SLI, specific reading disorder (SRD) or dys-
lexia is a diagnosis given when other reasons for the 
impairment have been excluded; however, in SRD, the 
primary clinical problem is with written rather than 
spoken language. The two diagnoses overlap as many 
children with SLI have reading problems and many 
children with SRD have spoken-language deficits. 
Auditory processing deficits have been widely inves-
tigated as a possible cause of SRD, and much of the 
research described in this entry involves participants 
with SRD and SLI.

Hypotheses	About	Auditory	Processing		
and	Language
There is a history, going back half a century or more, 
of attributing some cases of spoken and written 
language impairments to auditory processing defi-
cits. Different types of auditory processing deficits 
have been investigated. One of the most prominent 
hypotheses suggests that temporal processing deficits 
are responsible for many cases of SLI and SRD. How-
ever, other types of deficits have been studied, such 
as poor discrimination of pure tones, speech sounds, 
and frequency-modulated tones. More recently, there 
have been proposals suggesting that poor encoding 
of sound at the level of the brainstem or abnormal 
rhythms of cortical activity are responsible for audi-
tory processing problems affecting language.
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Hypotheses proposing that a temporal processing 
deficit is responsible for at least some cases of SLI 
and SRD have been the subject of many investiga-
tions. This deficit has been characterized as difficulty 
resolving the fine temporal structure of auditory 
stimuli. It is thought that speech may be particularly 
vulnerable to such a deficit because changes on the 
scale of milliseconds are crucial for detecting phone-
mic distinctions. Therefore, difficulties with tempo-
ral processing would have cascading negative effects 
on speech and language.

Many studies have demonstrated group differences 
between participants with SLI or SRD and typically 
developing participants on auditory temporal pro-
cessing tasks. Among the most commonly used tasks 
is a temporal order judgment task that requires the 
participant to report the order of sounds, usually 
tones of different frequencies. The interval between 
tones is varied, and it often has been found that par-
ticipants with language impairments require a longer 
interstimulus interval to accurately report the order. 
Another task used to examine temporal auditory pro-
cessing is backward masking. In backward masking, 
a target signal (usually a tone) is presented, closely 
followed by a masker consisting of broadband noise. 
Children with language impairments often have spe-
cific difficulty with detecting backward masked tones 
relative to forward (tone follows masker), simultane-
ous, or no masking.

Some of the strongest evidence for a temporal 
deficit comes from longitudinal studies finding that 
temporal auditory processing differences in infants 
are predictive of language development in the tod-
dler and preschool years. Some such studies have used 
electroencephalography to measure infants’ differen-
tial cortical responses to speech stimuli, and others 
have measured behavioral responses, such as a condi-
tioned head turn, to determine infants’ ability to dis-
criminate rapidly presented tones. As a group, infants 
with family histories of language impairment per-
form more poorly on auditory processing measures, 
and weaker auditory processing in infancy is associ-
ated with poorer language performance months, and 
in some cases years, later.

Auditory processing deficits in children with SLI 
and SRD may extend beyond temporal difficulties. 
Frequency discrimination tasks have often been used 
to assess auditory processing, and some children 
with language impairments require larger frequency 
differences between tones in order to discriminate 

them. Some children with language impairments also 
require greater differences in frequency modulation 
(heard as vibrato, or a wobble in a tone) in order to 
distinguish them. Discrimination of speech sounds 
has been found to be poor in groups of children with 
SLI or SRD, sometimes in the presence of normal 
nonspeech discrimination, leading some researchers 
to suggest that the apparent auditory processing dif-
ficulties of these children are, in fact, problems with 
linguistic representation of speech. As noted ear-
lier, the question of where auditory processing stops 
and language processing begins is a contentious one 
within the field.

Research from several labs confirms that many 
individuals with SLI or SRD have low fidelity encod-
ing of auditory signals at the brainstem level. In par-
ticular, the aspects of the speech signal that allow 
differentiation among consonants are compromised. 
Neural representations of speech are passed from the 
brainstem through subcortical structures to the cor-
tex, where interpretation of speech occurs. There is 
evidence that, in individuals with degraded brainstem 
encoding, these neural representations of speech are 
particularly vulnerable to interference from back-
ground noise. Another recent proposal is that indi-
viduals with spoken or written language impairment 
have deficits in cortical oscillations, or rhythms, at 
a frequency corresponding to syllable units in the 
speech stream. These cortical oscillations do not syn-
chronize well with speech rhythms; therefore, the per-
ception of prosody and syllable structure is disrupted. 
This hypothesis is supported by several studies sug-
gesting that many children with SLI or SRD have dif-
ficulty discriminating differences in amplitude rise 
time, that is, rates of change in amplitude in an acous-
tic signal, which are heard as beats.

Problems	With	Causal	Attributions
For nearly as long as hypotheses linking auditory pro-
cessing to language have been proposed, critics have 
argued that the evidence for a causal link between 
auditory processing and SLI is weak. On one hand, a 
number of studies have found that many individuals 
with SLI perform more poorly than same-age, typi-
cally developing peers on tasks intended to measure 
auditory processing. On the other hand, in these 
same studies, there are consistently children with SLI 
who perform within the range of a typically develop-
ing comparison group. Auditory processing deficits 
are associated with SLI at the group level but are not 
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present in all individuals with SLI. The situation is 
similar for SRD; in that group, differences are con-
sistently found, but there are many individuals with 
SRD who perform within normal limits. Further-
more, auditory processing deficits are found in some 
individuals who do not have language impairments. 
Thus, the presence of an auditory processing defi-
cit is neither necessary nor sufficient for language 
impairment.

The nonuniversality of auditory processing defi-
cits in language impairments applies at a general level 
and also at the level of specific abilities. There is no 
single type of auditory processing deficit that is found 
consistently across studies. For example, group differ-
ences in temporal processing are found in many, but 
not all, studies. Other studies find group differences 
on tasks such as frequency discrimination that do not 
tap temporal processing.

Auditory training interventions have been devel-
oped based on auditory deficit hypotheses, particu-
larly temporal processing deficit hypotheses. The idea 
behind such training is that, if the auditory processing 
deficit is corrected, language and reading problems 
will improve. These interventions are usually deliv-
ered with a computer and on an intensive schedule. 
Participants are required to make increasingly diffi-
cult discriminations between tones or speech sounds. 
Several systematic reviews have been conducted to 
evaluate the evidence from auditory training studies. 
The results of these reviews indicate that interventions 
based on temporal auditory processing hypotheses 
may improve auditory processing; however, evidence 
for their effectiveness in remediating spoken and 
written language difficulties is weak. When improve-
ments in language have been associated with auditory 
training, either the changes are comparable to those 
produced by other interventions or are questionable 
due to weak experimental designs.

It was noted above that auditory processing defi-
cits in infants are predictive of early language devel-
opment. At later ages, however, auditory processing is 
not consistently the best predictor of language per-
formance. In a critical review, Stuart Rosen discussed 
how analyses of data from children, adolescents, 
and adults with SLI or SRD, using various auditory 
processing tasks and language or literacy measures, 
often indicate no correlation between auditory pro-
cessing and language or literacy. He also noted that, 
in some cases, nonverbal intelligence has been found 
to be more closely correlated with literacy than have 

auditory processing tasks. In other research, a longitu-
dinal, population-based study of children in the first 
three years of elementary school showed that audi-
tory processing tasks contributed little to prediction 
of reading and academic difficulties. Reading-related 
skills (e.g., phonological awareness), language abil-
ity, and visual processing were more closely related to 
reading and academic outcomes.

It has been suggested that children with SLI or SRD 
may perform poorly on many auditory processing 
tasks because the tasks place demands on vulnerable 
cognitive resources rather than because of auditory 
processing deficits. Many tasks used to assess auditory 
processing require sustained attention (such as listen-
ing to long series of stimuli that sound very similar) 
or selective attention (such as listening to stimuli pre-
sented in one ear while ignoring stimuli presented in 
the other ear). Both sustained and selective attention 
may be compromised in children with SLI. 

Furthermore, many auditory processing tasks 
place demands on working memory, that is, the abil-
ity to hold information in mind while simultaneously 
manipulating that information (such as listening 
to a sequence of tones and then reporting verbally 
their status as high or low pitch). Working memory 
is known to be a problem for children with SLI and 
SRD. Thus, children with spoken or written language 
impairments may perform below age-level expecta-
tions on auditory processing tasks because the tasks 
tax their attentional or working memory capacities.

Another aspect of auditory processing tasks that 
has been discussed as a possible contributor to the 
poor performance of children with language impair-
ments is the use of speech stimuli. Many auditory 
processing tasks involve phonemes, words, or sen-
tences. Some researchers have argued that poor per-
formance on such tasks simply shows what is already 
known—these children have a language impairment. 
As noted earlier, considerable controversy in the field 
centers around whether auditory processing deficits 
are better characterized as speech processing deficits, 
and this issue remains unresolved. In addition to the 
effects that higher-level cognitive functions such as 
language, attention, and working memory may have 
on task performance, such functions may affect audi-
tory perception itself. Although hypotheses about 
temporal processing, auditory brainstem response, 
and cortical oscillations may seem to suggest that 
auditory processing deficits occur at a low level of 
perception, it is clear that high-level factors such as 
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language experience, attention allocation, and work-
ing memory resources influence lower-level auditory 
processing at the level of the brainstem and even at 
the level of the cochlea. 

These are known as top-down influences because 
a higher level of processing—higher in the sense of 
being further from the periphery of the central ner-
vous system and also in the sense of being more cog-
nitive—influences a level that is lower, or earlier, in 
the process. For example, phonological awareness 
may influence backward masking performance; audi-
tory brainstem responses can be affected by musical 
training or by a person’s choice of what stimulus to 
attend to. Thus, the causal direction of auditory pro-
cessing deficits is not clear. Although perceptual defi-
cits could cause problems in spoken and written lan-
guage, as well as verbal working memory, attention, 
and other cognitive functions, problems with these 
higher functions could also influence perception.

In summary, the relationship between auditory 
processing and language impairments is difficult to 
characterize. There is a large body of evidence show-
ing that auditory processing deficits are common in 
children with SLI or SRD. However, it seems unlikely 
that these deficits play causal roles in spoken and writ-
ten language impairments. The auditory processing 
deficits are diverse in nature, and no single type of 
auditory processing difficulty has been found consis-
tently across studies. Regardless of the auditory pro-
cessing task, group differences are not always found, 
and even when they are, not all individuals with SLI 
or SRD demonstrate deficits. Furthermore, alterna-
tive explanations of the observed deficits are plausi-
ble. Interventions that aim to improve auditory pro-
cessing have little effect on language or reading, and 
auditory processing is not consistently predictive of 
language and academic outcomes.

There remain, however, avenues of research that 
may reveal the nature of the relationships between 
auditory processing and language, causal or other-
wise. Our understanding of the exceedingly complex 
auditory system, and its interactive relationship with 
the language processing system, continues to grow. 
At the applied level of ameliorating SLI and SRD, 
most auditory training interventions investigated so 
far have been based on a temporal processing deficit 
account. Other hypotheses that focus on brainstem 
timing or cortical oscillations may lead to differ-
ent intervention techniques that are more effective. 
Explaining the entire neurodevelopmental pathway 

from the perception of the speech signal to the rep-
resentation of phonological, lexical, and syntactic 
aspects of language is an ambitious goal but one that 
is worth pursuing.

Carol A. Miller
Pennsylvania State University
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Auditory	Sequence/
Artificial	Grammar	Learning
Spoken language development depends upon 
basic auditory processing mechanisms that encode 
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structural regularities in the input. These mechanisms, 
studied under the guise of sequence/sequential learn-
ing and often using the artificial grammar learning 
paradigm, represent midlevel cognitive processes that 
could be construed as being “above” auditory sensory 
and perceptual mechanisms but “below” true language 
processes. Research has suggested that these auditory 
learning mechanisms are specifically attuned to time-
varying, sequential signals (like spoken language), are 
an important aspect of the development of language, 
and may be compromised in children with impover-
ished experience with sound. 

Sequential learning refers to general abilities that 
most higher organisms possess for learning about 
structured patterns of information in the environ-
ment that unfold over time. Sequential learning 
can take place through any sensory modality and in 
multiple domains, including language and commu-
nication, motor and skill learning, music perception 
and production, problem solving, and planning. It 
is essential for learning both patterns of stimuli and 
patterns of responses, such as those required in clas-
sical and instrumental conditioning, skill learning, 
and high-level problem solving and reasoning. Such 
learning is particularly important for organisms early 
in development; in fact, human infants are very sensi-
tive to temporal patterns from birth, especially audi-
tory patterns such as rhythm and language. 

As a form of implicit learning, sequential learn-
ing can occur regardless of whether the individual 
intends to learn the pattern and does not require 
explicit recall or recognition. For instance, sequential 
learning is preserved in amnesic patients who have no 
explicit memory of the sequences. The implicit nature 
of (visual) sequence learning has traditionally been 
investigated through Mary Jo Nissen and Peter Bul-
lemer’s serial reaction time (SRT) task. In the origi-
nal task, a single visual stimulus is presented in three 
or four spatially distinct locations. Each location has 
a response key associated with it. As the sequence is 
presented at each location, the participant presses the 
corresponding key. Unbeknownst to the participant, 
the stimuli can be presented at the various locations 
according to a repeating sequence. Learning is dem-
onstrated by a reduction in reaction times as the task 
progresses; when a new sequence is presented, reaction 
times increase again. Sequence learning occurs even 
when the participant is unable to explicitly predict the 
next location in the sequence and, for this reason, is 
thought to be a form of implicit learning.

Artificial	Grammar	Learning	(AGL)	Paradigm
Another paradigm often used to examine implicit 
sequence learning is Arthur Reber’s artificial gram-
mar learning (AGL) paradigm. The original task 
involved presenting subjects with a string of printed 
letters, but the task has also been presented as a 
sequential auditory task using nonsense syllables. 
In Reber’s original AGL study, adults were presented 
with “sentences” made from various combinations 
of five different letters, six to eight letters in length. 
Subjects were asked to memorize the sentences but 
were not told that they had been given either ran-
domly produced sequences of letters or sequences 
that had been generated based on a complex set of 
grammatical rules. Subjects who had “grammati-
cal sentences” learned them faster than those with 
randomly generated strings of letters. In addition, 
after learning grammatical sentences, subjects were 
told that the sentences followed a set of rules and 
were asked to categorize new sentences according to 
whether or not they followed the rules. Despite being 
unable to verbalize what the rules were, subjects cat-
egorized strings of letters according to those rules at 
above-chance levels. Like the SRT paradigm, learn-
ing in AGL is thought to be implicit. This ability to 
extract rules based on patterns in the environment is 
assumed to be an important component of how chil-
dren learn language in a mostly incidental manner.

Infants	and	Young	Children
Another form of the AGL task that is even more akin 
to language learning has shown infants as young as 
5 months to be sensitive to statistically derived pat-
terns of auditory stimuli. In this case, participants hear 
sequences of nonsense syllables. The order in which 
the syllables are presented is governed by a grammar 
that statistically determines the probability of what 
syllable will follow another, given the preceding syl-
lables. Infants, like adults, are capable of categorizing 
novel grammatical and ungrammatical sequences after 
listening to grammatical sequences for just a few min-
utes. Human infants appear to be quite adept at this 
type of sequential-statistical learning. Impressively, the 
learning takes place even after very limited exposure 
to the input and also occurs at very early ages, with 
little or no development across the life span. For these 
reasons, it is likely that these learning mechanisms are 
used in the service of language learning.

In fact, infants and young children have been 
shown to be capable of a whole host of skills requiring 
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some level of understanding of sequential patterns. 
These range from categorizing novel versus familiar 
sequences presented in a single sensory modality, to 
matching sequences across different modalities, to 
sequencing their own motor actions in naturalis-
tic settings. However, relatively little is known about 
the development of sequential learning skills. For 
sequence learning with visual stimuli, findings are 
somewhat ambiguous. The ability to discriminate 
simple, familiar, statistically determined sequences 
from unfamiliar sequences appears to be present by 
2 months and to remain stable with no development 
across infancy. However, not all methods of testing 
have found clear evidence of visual sequence learning 
in all infants. It may be that the complexity of the task 
or mode of response is relevant. In contrast, studies 
of older children and adults have found age-related 
improvement in visual sequence learning. Although 
both adults and children ages 7 to 11 years learn visu-
ally presented sequences, adults have been shown to 
do so with greater speed and magnitude.

Development	of	Auditory	Sequence	Learning
Findings on the development of auditory sequence 
learning are less ambiguous. Infants appear to be sen-
sitive to auditory sequence information in the form 
of rhythm, tones, and nonsense syllables by 5 months 
or earlier. By 8 months, they can learn complex tran-
sitional probabilities such as are present in the AGL 
task, and this ability remains stable across the life 
span with little or no development. The discrepancy 
in the development of visual and auditory forms of 
sequential learning (i.e., that visual sequence learn-
ing appears to remain static across infancy and then 
improves from childhood to adulthood, while audi-
tory sequence learning as measured by the AGL task 
does not appear to develop at all) may be explained 
by two sound-related phenomena. 

First, some research has suggested that there is an 
auditory dominance in memory, which may include 
implicit memory, in early childhood that shifts to a 
visual dominance in later childhood and adulthood. 
For example, when visual and auditory stimuli are 
paired and participants are subsequently tested for rec-
ognition of original pairs with correct pairings, repair-
ings of original stimuli, or pairings that include either 
new visual or new auditory stimuli, children around 
the age of 4 years recognize when the auditory stimulus 
is new more reliably than do adults. On the other hand, 
adults and older children perform better on the visual 

stimuli. Thus, it is possible that this auditory bias might 
explain the different developmental patterns observed 
for auditory versus visual sequential learning.

The second sound-related phenomenon is that 
there appear to be modality constraints for the learn-
ing of sequential and spatial patterns: an overall audi-
tory superiority for temporal tasks, such as sequence 
learning, but a visual superiority for spatial tasks. 
When adults are exposed to stimuli that are audi-
tory (sequences of tones of varying frequency), visual 
(black squares presented sequentially at different 
locations), or tactile (sequences of vibrotactile pulses 
delivered to different fingers) that are generated by an 
artificial grammar, they show twice as much learn-
ing for auditory sequences than for visual or tactile 
sequences. In addition, with faster rates of sequence 
presentation, visual learning declines, whereas audi-
tory learning is not affected. It is likely that the audi-
tory superiority effect seen in sequential learning is 
related to the fact that sound itself is inherently a tem-
porally arrayed, sequential signal in which elements 
are defined specifically by the timing or serial order in 
which they are presented. 

Despite these modality constraints, sequential 
learning also appears to be a domain-general cog-
nitive mechanism that is used across a number of 
domains. The link between sequential learning and 
language development specifically is supported by 
evidence that infants’ visual sequence learning ability 
is correlated with both their receptive language abil-
ity and their ability to communicate using gesture. 
These findings are in agreement with those showing 
that visual sequence learning ability is correlated with 
language processing ability in adults and in children 
with hearing impairment. Language learning is gener-
ally viewed to be an unconscious process, with people 
often using and understanding language without an 
explicit understanding of the grammatical rules that 
govern it. Thus, it is likely that language is acquired 
through implicit learning mechanisms, such as 
sequence learning.

As mentioned earlier, the temporal and sequen-
tial nature of sound and the superiority of audition 
for processing sequentially presented information 
may make sound and hearing the primary means for 
understanding temporal and sequential events. Thus, 
hearing may provide critical exposure to sequen-
tially presented information, which may help scaf-
fold the development of sequential learning mecha-
nisms. As such, early sound deprivation may result 
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learning abilities and negatively correlated with their 
spatial context learning. Thus, it is not a general cog-
nitive or even implicit learning deficit but a specific 
deficit in implicit sequence learning that appears to be 
related to poor reading in individuals with dyslexia.

Joanne A. Deocampo
Christopher M. Conway
Georgia State University
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Autism	and	Language	
Development
Communication impairments have been recognized 
as one of the core features of Autism Spectrum Dis-
orders (ASD) along with social deficits and restricted 
and repetitive behaviors. Approximately 20 percent of 
the ASD population does not acquire any functional 
expressive language. Communication deficits in ASD 
include a variety of impairments such as use of stereo-
typed speech or delayed echolalia (e.g., repeating lines 
from a favorite cartoon) and difficulties initiating and 

in domain-general disturbances to sequence learn-
ing across all sensory modalities. Because so much 
daily information is presented sequentially and so 
many behaviors depend upon one’s ability to inter-
pret and produce sequential behaviors, impairments 
to sequence learning abilities could have far-reaching 
consequences, particularly for language learning. 
Research, in fact, corroborates these extrapolations. 

Not only do deaf adults show disturbances to non-
auditory functions related to time and serial order, but 
children born deaf who later gain some level of hear-
ing through cochlear implants show greatly depressed 
ability to complete both motor learning tasks and 
visual sequential learning tasks compared to normal-
hearing peers. In addition, deaf children who gain 
hearing through cochlear implants vary greatly in 
their ability to develop spoken language after implan-
tation. While some catch up to their normal-hearing 
peers, others continue to display language-learning 
deficits that cannot easily be explained by early lack 
of language exposure alone. It is possible that individ-
ual differences in natural sequence learning abilities 
and the extent to which they were disturbed by early 
sound deprivation could lead to profound differences 
in the ability to learn spoken language after implan-
tation. This notion is supported by research showing 
that implicit sequence learning abilities are correlated 
with standardized measures of language outcomes for 
children with cochlear implants. 

Finally, there is also evidence that variations in 
sequential learning skill may contribute to the defi-
cits observed in certain language and communication 
disorders such as specific language impairment (SLI), 
dyslexia, and autism. For example, children with SLI 
learned the pattern of a visual SRT task slower than 
typically developing (TD) peers. Once the pattern 
was learned, children with SLI who had grammatical 
deficits continued to have slower reaction times than 
TD peers, while children with SLI who had vocabu-
lary deficits did not, suggesting a specific link between 
sequence learning and grammar skills. 

In addition, children with SLI need twice as much 
exposure to learn transitional probabilities in an audi-
tory AGL task as TD peers, and they show even more 
difficulty learning sequences of tones. Research on 
SRT tasks with dyslexic individuals has been mixed, 
but they seem to show impaired sequence learn-
ing and increased spatial context learning compared 
to TD peers. In addition, dyslexic students’ reading 
abilities are positively correlated with their sequence 
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maintaining meaningful back-and-forth conversation 
(e.g., being preoccupied with certain topics and domi-
nating conversations without responding to others’ 
questions or leads). This entry presents a review of the 
past literature examining the course of language devel-
opment and early childhood characteristics associated 
with language outcome as well as different areas of lan-
guage impairments in individuals with ASD, including 
pragmatic use, syntax and morphology, paralinguistic 
features, and odd use of language.

Course	of	Language	Development	in	Autism
There is a tremendous heterogeneity in the timing 
and patterns of acquisition of language milestones 
among children with ASD. Most individuals with 
autism begin to speak later than other children, with 
words first produced around 2 to 3 years, and develop 
speech at a slower rate than typically developing 
peers. Therefore, by the second year of life, children 
with ASD show different patterns of communica-
tion compared to typically developing children. Both 
prospective and retrospective studies in the past have 
shown that infants as young as 12 months later diag-
nosed with ASD demonstrate limited responsivity to 
their names, their mother’s voice, and child-directed 
speech. Studies on infants and toddlers with ASD 
have also suggested that, between 12 and 24 months 
of age, these young children later diagnosed with ASD 
understand significantly fewer phrases and produce 
fewer gestures than developmentally delayed or typi-
cally developing children.

Regression of language skills has been reported con-
sistently in individuals with ASD, typically within the 
first 3 years. C. Lord and colleagues in 2004 reported 
that about 20 to 40 percent of children with autism have 
some words at around 12 to 18 months and then lose 
them. The loss of expressive language skills, sometimes 
accompanied by the loss of social skills, also has been 
found to be unique to children with ASD and gener-
ally not observed in children with other developmental 
disorders. It has also been reported that individuals 
with autism continue to make progress in language 
beyond toddlerhood, although outcomes vary by 
individuals. For example, R. Paul and D. Cohen in 
1984 have found that individuals with ASD make 
continuous progress in both receptive and expressive 
language through adolescence and adulthood. How-
ever, individuals with serious receptive language defi-
cits in early childhood are likely to have more severely 
delayed language skills into adulthood.

Early	Childhood	Characteristics
There are various factors from early childhood that are 
associated with later language outcome in ASD such as 
imitation, play, and gesture. Past studies have shown 
the association between imitation and social commu-
nication skills in ASD, including a link between imita-
tion of body movements in young children and later 
development of their expressive language. Children’s 
play levels as well as motor imitation also have been 
found to predict language outcomes in ASD. Limited 
use of gestures in young children with ASD also has 
been found to be associated with disturbance in later 
language development. It also has been known that 
joint attention skills are central to the development of 
social and communication skills in typically develop-
ing children. In children with ASD, a range of impair-
ment in using joint attention skills spontaneously and 
adaptively early on significantly affects the course of 
language and communicative development. Studies 
have shown that children with ASD are less likely than 
their unaffected peers to respond to and initiate joint 
attention using vocalizations or gestures, although the 
ability to use these skills may develop over time.

Given the crucial roles that these factors play in lan-
guage development in children with ASD, early inter-
vention programs are specifically designed to target 
imitation and gesture, as well as play and joint atten-
tion. Therefore, whether the intervention program uses 
a traditional approach involving discrete trial training 
(as in programs developed by I. Lovaas) or a more nat-
uralistic and developmental approach (as in programs 
developed by C. Kasari and colleagues, S. Rogers and  
G. Dawson, R. Koegel and L. Koegel, or B. Ingersol and 
L. Schriebman), early intervention targeting factors 
associated with social communicative development has 
been shown to be effective in teaching language. 

Pragmatic	Use	of	Language
Almost all individuals with ASD demonstrate deficits 
in the social or pragmatic use of language with vary-
ing degrees of impairments. Even many individuals 
with ASD who are highly verbal demonstrate tremen-
dous difficulty in initiating and maintaining back-and-
forth conversations with others, providing appropriate 
information when discussing an unusual event, and 
offering coherent narratives. Individuals with ASD also 
show more difficulty in responding to topics intro-
duced by others and building conversations on others’ 
comments. For instance, K. Loveland and colleagues in 
1990 suggested that children with ASD show limited 
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abilities to take into consideration the listener’s needs 
when asked to retell a story. Some of these deficits may 
stem from impairment in participating in communica-
tive activities involving joint reference or shared topics.

Even though early studies have described signifi-
cant impairments in pragmatic skills as one of the 
universal features in ASD, studies examining the 
pragmatic profile in ASD are rare. J. Adams in 2002 
argued that this is partly because of the difficulty in 
measuring pragmatic skills. There are some standard-
ized pragmatic language measures that can be used 
to assess impairments in pragmatic skills in ASD, but 
most of these instruments do not assess how individ-
uals use their language in natural, social contexts. This 
is problematic because assessments of spontaneous 
language are more effective for evaluating language 
deficits in children with specific language impairment 
than structured measures, as highlighted in the guide-
lines provided by the American Speech–Language–
Hearing Association in 2008. Recognizing this gap, 
the development of a language instrument targeting 
spontaneous use of language skills in a natural con-
text is currently underway by S. Kim and colleagues. 

Syntactic	Development
In the past, studies concluded that there were no 
autism-specific deficits in phonology, syntax, or lexical 
knowledge. However, more recent work by I.-M. Eigsti 
and colleagues in 2006 provides evidence of syntactic 
impairment in a subgroup of individuals with ASD. 
Eigsti and colleagues found significant syntactic delays 
and increased production of nonmeaningful words in 
a group of children with autism when these children 
were compared to matched controls with developmen-
tal delays and typical development based on lexical 
level and nonverbal mental age. A subset of children 
with autism who showed impaired scores on standard-
ized language tests conducted by J. Roberts and col-
leagues in 2004 also demonstrated deficits in the use of 
past tense and the third-person present tense. This may 
indicate that not all children with ASD, but a subgroup 
within ASD, may show significant difficulties in syntac-
tic skills compared to typically developing children as 
well as those with non-ASD developmental disorders.

Paralinguistic	Features	
Odd intonations and unusual prosody have been fre-
quently associated with ASD. Individuals with ASD 
show monotone and flat intonations as well as singsong 
patterns. Odd prosodic features are observed early on, 

even in children as young as infants and toddlers who 
are later diagnosed with ASD. For instance, E. Schoen 
and colleagues in 2011 compared infants and toddlers 
later diagnosed with ASD with controls matched on 
age and language level and found that these young chil-
dren produced significantly more atypical nonspeech 
vocalizations or an excess of high-pitched vocalizations 
compared to the control groups. Similarly, it has been 
suggested by L. Shriberg and colleagues in 2011 that 
infants and toddlers later diagnosed with ASD have 
difficulty in winnowing their attention to the kinds 
of sounds not produced by the speech models in their 
environment, resulting in a reduced tendency to tune 
in and tune up to ambient speech models.

Odd	Use	of	Language
Echolalia has been considered one of the most clas-
sic symptoms of autism, although it is neither specific 
to nor universal in ASD. Some studies have suggested 
that echolalia serves specific functions in children 
including turn taking, assertions, affirmative answers, 
requests, rehearsals to aid processing, and self-regula-
tion. Personal pronoun confusion (e.g., a child saying 
“You want juice” to mean “I want juice”) is another 
atypical feature associated with ASD. Like echolalia, 
pronoun confusion is neither specific to nor univer-
sal in ASD but has been observed more frequently in 
individuals with ASD than in others. 

Personal pronoun confusions may occur partly 
due to the difficulties that individuals with ASD 
experience in conceptualizing notions of self and 
other, shifting between the discourse roles of speaker 
and listener, and perspective taking, as suggested by 
H. Tager-Flusberg in 1993. Finally, some individuals 
with ASD, especially those who are highly verbal with 
average or above-average cognitive abilities, often 
demonstrate pedantic speech styles marked with 
using overly precise and detailed descriptors and 
obscure words. Individuals with ASD also have been 
found to produce neologisms or odd phrases.

A wide and heterogeneous range of language skills 
are seen in ASD. Deficits in communication and 
language delays are one of the core features of ASD, 
which are observed from early on in children as young 
as infants and toddlers later diagnosed with ASD. 
Even though some areas of language development, 
such as syntactic and semantic skills, are relatively 
intact and on par with other areas of development in 
ASD, significant impairments in pragmatic skills, odd 
intonation and prosodic features, and abnormal use 
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of language, accompanied with social deficits, must 
be addressed in developing treatment and educational 
programs. Therefore, future studies should examine 
how these deficits are manifested in particular indi-
viduals with ASD and focus on developing individu-
alized programs to improve their language and com-
munication strategies across different contexts. 

So Hyun Kim 
Yale University School of Medicine 

Catherine Lord
Weill Cornell Medical College
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Autobiographical	Memory	
Role	of	Language
Autobiographical memory is a type of episodic 
memory and refers to the recollection of the per-
sonally experienced events of one’s life. The events 
are typically unique, tagged at a particular place and 
time, and entail conscious or “autonoetic” awareness 
that one is re-experiencing an event as it occurred 

previously. Autobiographical memories include the 
what, where, and when of those events and also the 
emotions, reactions to, and thoughts one has about 
them. They are most likely to be recalled if the events 
were personally important, distinctive, or had a posi-
tive or negative emotional intensity. Life span research 
indicates that adults can recall the largest number of 
memories from the recent past and then from the 
period when they were between 10 and 30 years old, a 
phenomenon called the reminiscence bump. Very few 
memories are recalled from the first two or three years 
of life, known as the period of childhood amnesia. 
Autobiographical memories are typically expressed 
through language and in a narrative or storytelling 
format, though this does not preclude the existence of 
such memories in those without productive language. 
This telling of personal events is the essential social 
function of autobiographical memory and serves to 
convey to others who we are, where we came from, 
and what we do. As such, autobiographical memory 
is fundamental to one’s identity or sense of self. Lan-
guage is also central to autobiographical memory as 
the narration of events provides a framework or script 
for the encoding and retention of new experiences 
and the words and sentences themselves provide con-
textual cues for their retrieval. 

Infants have neither autobiographical memory nor 
language at birth, though both emerge rapidly across 
the first few years of life, along with other important 
cognitive, metacognitive, social, and neurodevelop-
mental achievements. Mark Howe and Mary Cour-
age contend that a necessary, though not sufficient, 
condition for the onset of autobiographical memory 
is the emergence of the cognitive self late in the sec-
ond year of life, a milestone that provides an objec-
tive sense of “me.” The cognitive self is operationally 
assessed in preverbal infants and toddlers with a red-
dot test in which a child who has red paint surrepti-
tiously applied to his or her nose while in front of a 
mirror, touches his or her own nose rather than that 
of the mirror image. This achievement sets the lower 
limit on the age at which memories can be encoded, 
stored, and retrieved as “something that happened 
to me.” This cognitive self enables a new knowledge 
structure whereby information and experience can 
be organized as personal. The onset of the cognitive 
self also coincides roughly with the time frame in 
which adults can typically date their earliest memo-
ries for significant life events. Moreover, longitudinal 
research by Keryn Harley and Elaine Reese showed 
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that children with an earlier onset of the cognitive self 
also made faster progress in independent autobio-
graphical memory reports later in the preschool years. 
Prior to having a sense of self, infants and toddlers can 
learn about and remember specific events, but their 
memories are episodic and will not be recognized as 
autobiographical without the conceptual organizing 
context that the cognitive self provides.

Coincident with the emergence of the cognitive 
self, children are acquiring the basics of language and 
are beginning to tell others about themselves. At about 
2½ years of age, most children begin to talk about spe-
cific events in their lives, although these early conver-
sations are heavily prompted or scaffolded by adults. 
By about 3 years, children assume more responsi-
bility for talking about past events and experiences 
with adults and significant others, and they begin to 
use a story or narrative form in these conversational 
exchanges. With experience, this narrative form grad-
ually becomes internalized, and like the cognitive self, 
can function as a mnemonic device that provides a 
structure for the encoding, storage, and retrieval of 
events. Once the cognitive self is viable and narra-
tive skills are established, memories can be retained 
and organized around a personal life history, one that 
extends backward and forward in time. In that way 
children learn both about the form of reporting about 
past events and about the social functions that talk-
ing about the past provides. Moreover, studies have 
shown that the number of events and the amount 
of detail in those events that children can recall and 
report increases significantly over the preschool and 
early school years. This is coincident with more gen-
eral advances in basic mnemonic processes and with 
proficiencies in language and communication. 

Research conducted within a sociolinguistic frame-
work indicates that individual differences in the way 
that parents talk to their children about the past is 
associated with individual differences in children’s 
reporting of their own autobiographical memories. 
In particular, Robyn Fivush and her colleagues have 
identified two different parent conversational styles 
of talking with children. “High-elaborative” parents 
provide a large amount of detailed information about 
past events. They elaborate and expand on the child’s 
partial recall, ask further questions to enhance event 
detail, and correct the child’s memory if necessary. 
In contrast, “low-elaborative” parents tend to repeat 
their questions over and over in an attempt to get a 
specific answer from the child, they switch topics 

more frequently, and they do not seek elaborative 
detail from the child’s report. The high-elaborative 
style is associated with children’s provision of more 
numerous and more elaborative narratives, both con-
currently and longitudinally. Moreover, as mothers 
adopt a more elaborative style in reminiscing with 
their daughters than with their sons, these individual 
patterns may explain the fact that females report their 
first memory at an earlier age than do males. Con-
sistent with this, children in other cultures who are 
exposed to different conversational styles also differ 
in autobiographical memory reporting. 

For example, research shows that American moth-
ers talk to their 3-year-olds about past events three 
times as often as do Korean mothers. Consequently, 
American children talk about past events more than 
do Korean children and American adults report 
earlier autobiographical memories than do Korean 
adults. Similar relationships were found between the 
age of earliest memory, culture, and conversational 
interactions in a comparison of Maori, Pakeha, and 
Asian adults in New Zealand. Although adult con-
versational style does facilitate the richness and nar-
rative organization of children’s memory talk and 
plays an important role in their developing ability to 
report autobiographical memories, it does not neces-
sarily determine the content or accuracy of children’s 
memory reports. In fact, as with the memory more 
generally, repeated reconstruction of events through 
conversations with others can lead to systematic dis-
tortions of memory details, ones that are consistent 
with the current beliefs and expectations of the narra-
tor and the listener.

Although language provides the primary medium 
through which autobiographical memories are 
expressed, their linguistic form should not be equated 
with their representational structure in memory. 
Infants can form episodic memories long before they 
have acquired language. The content of these memo-
ries is likely sensory-perceptual-affective in nature 
and provides the basis for the emergence of con-
cepts—including that of the cognitive self—that are 
abstracted from them. Language is essentially a trans-
lation of these nonlinguistic images and early episodic 
memories and concepts into words and sentences. 
Words and sentences can then serve as powerful cues 
to retrieve episodic and autobiographical memories. 
Even when memories have become inaccessible, lan-
guage can reinstate the context in which an event was 
encoded and facilitate its retrieval. Harlene Hayne and 



 Autobiographical Memory Role of Language 41

her colleagues found that 2-, 3-, and 4-year-old chil-
dren were unable to retrieve certain details of a unique 
personally experienced event after a two-week delay. 
However, other children who were given nonspecific 
verbal cues or reminders of the event before the reten-
tion test were able to recall the event details. It should 
be noted that the absence of expressive language in 
very young children does not preclude the existence 
of autobiographical memories, just their verbal report. 
A challenge for future research is to develop a reliable 
nonverbal measure of autobiographical memory.

The relationship between language and early mem-
ory is complex. Although basic memory processes 
precede language developmentally, if children were 
too young to have a linguistic representation of events 
when they were encoded, they will not be able to 
recall, or at least report them, later on. Gabrielle Sim-
cock and Harlene Hayne found that such was the case 
for 2- and 3-year-olds who participated in a unique 
event and had their memory for it assessed six or 12 
months later. Their language skills were also assessed 
at both times. Children of all ages showed some verbal 
and nonverbal recall of information about the event 
and also significant improvement in language over 
the retention interval. However, in no case did a child 
verbally report information about an event that was 
not part of his or her productive vocabulary at the 
time of the event. Similarly, Catriona Morrison and 
Martin Conway had adults recall autobiographical 
memories from childhood that were elicited by cue 
words naming common objects, locations, activities, 
and emotions. Norms for the age of acquisition of 
the cue words were available and participants dated 
their age at the time of the remembered event. The 
age of the earliest memory was systematically several 
months later than the age of acquisition of the word 
to which it was associated. They suggested that this 
systematic lag likely reflected the formation of con-
ceptual knowledge that was abstracted from details 
represented in early episodic memories. It was not 
until such knowledge was formed that a word cue and 
the conceptual knowledge in long-term memory to 
which it corresponds could be used to access specific 
episodic or autobiographical memories.

In summary, as basic encoding, storage, and retrieval 
processes mature and the cognitive self becomes a sta-
ble organizational structure, language can be used to 
express those memories and to strengthen or alter the 
content of autobiographical events in memory over 
time. The language environment of the child, whether 

it is familial or cultural, teaches children that report-
ing memories is important, and that such reports 
have a particular narrative structure and a particular 
social and cognitive function. Language provides a 
structure for the encoding and retrieval of an auto-
biographical event and serves as an expressive outlet. 
As the standard measure of autobiographical memory 
is through an individual’s verbal report, the status of 
personal memories that might exist before the onset 
of expressive language remains unknown.

Mary L. Courage
Memorial University
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Auxiliary	and	Modal	Verbs
The auxiliary and modal verb system is a particularly 
challenging aspect of the grammatical system for the 
language learner. This entry focuses only on the acqui-
sition of the English auxiliary system due to the con-
siderable body of work in this area. However, it should 
be noted that the pattern of acquisition will vary cross-
linguistically. Auxiliaries derive from full lexical verbs, 
but as the process of grammaticalization is language 
specific, W. Croft states that auxiliary verbs in differ-
ent languages often exhibit different properties in their 
identities, meanings, and behaviors. For English, there 
is a body of evidence showing that some aspects of 
the auxiliary system emerge together, while others fol-
low individual patterns of development. No theoreti-
cal account can, as yet, provide a full and satisfactory 
explanation for the observed behavioral data.

In English, auxiliary verbs (be, do, and have) are 
used to denote tense (She is/was running), person (She 
is/I am running), or alongside other verbal marking, 
the structure of an event (She is running/has run—an 
ongoing/completed event). Modals (e.g. can, will, and 
should) situate an event against a particular discourse 
background, for example, to indicate a person’s obli-
gations (You should say thank you), the likelihood or 
possibility of an event (She could run if she didn’t have 
a broken leg), or the speaker’s belief with respect to a 
proposition (She might/will win). In addition, there 
are a number of syntactic complexities. Some auxil-
iaries and modals can be contracted (I am—I’m and 
I will—I’ll), whereas some cannot (I can—I’n). Aux-
iliaries and modals, unlike main verbs, are positioned 
before the grammatical subject in questions, known as 
subject–auxiliary inversion (She can go to the ball and 
Can she go to the ball? but not Goes she to the ball?). 
They combine with negators (is—isn’t and can—can’t, 
not go—gon’t), although the relation between the 
positive and negative form is not always transparent 
(will—won’t) and there are exceptions (am—amn’t). 
Auxiliaries can be combined together, although only in 
particular sequences (He might have gone to the ball). 

Finally, there are a number of idiosyncrasies within 
the system. For example, in English the auxiliary be 
takes a number of different forms according to person 
and tense (I am—was, you are—were, and he is—was), 
but there are fewer forms for have (I/you have—had 
and he has—had) and do (I/you do—did and he does—
did), and the modals take a single form irrespective 
of person (I/you/he can/might/will). And while most 

auxiliary and modal forms appear in both affirmative 
and negative statements (He is/isn’t going to dance and 
She can/can’t swim a mile), the auxiliary do tends to be 
used in affirmative statements only for specific empha-
sis or contrast (I do dance versus I dance). However, do 
is required in questions for subject–auxiliary inversion 
(Do you want a drink?) and in negative statements to 
host the negator (She doesn’t eat meat).

English-speaking children typically begin to pro-
duce auxiliaries and modals during the third year, 
but these early uses lack many of the characteristics 
of the adult system. For example, many children start 
out by producing contracted auxiliary forms (I’m or 
he’s) but have not yet segmented the auxiliary from 
the pronoun to which it is attached. Similarly, modals 
may emerge as part of a fixed utterance (I don’t want 
it!) with children unable to use the form flexibly with 
other pronouns and verbs. Early modal meanings tend 
to concern ability or permission, whereas epistemic 
meanings emerge later. It is generally acknowledged 
that children must learn the idiosyncratic item- and 
language-specific properties of the auxiliary system 
gradually. However, early influential studies by Gor-
don Wells and Brian Richards uncovered some simi-
larities, but also some differences, in how children 
learned different auxiliary and modal forms, leaving 
open the question of what kind of mechanisms under-
lie learning beyond the earliest stages. Cross-linguistic 
work could help to explicate the processes involved 
as different languages vary in the extent to which the 
properties of the English auxiliary system (e.g., inver-
sion of auxiliaries but not main verbs, contraction of 
auxiliary forms, and agreement between auxiliaries 
and sentence subjects or main verbs) are seen.

Generativist approaches are based on the assump-
tion that children have innately specified linguistic 
knowledge that governs the auxiliary system. Recog-
nition that a specific lexical item is a member of the 
auxiliary category will enable the child to seek out 
other aspects of the category for that item, for exam-
ple, its tense and modality properties. This kind of 
abstract knowledge is expected to support correct use 
of a range of auxiliary forms and result in similarities 
both between children and between auxiliaries and 
other aspects of the grammatical system in their pat-
terns of acquisition. Evidence put forward in support 
of this approach includes Roger Brown’s early find-
ing that children acquire grammatical morphemes, 
including some auxiliaries, according to a com-
mon developmental trajectory, and Steven Pinker’s 
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observation that children’s acquisition of auxiliaries 
shares developmental similarities with their acquisi-
tion of other complement-taking verbs. 

More recent studies by Mabel Rice and colleagues 
have suggested that the rates at which children pro-
duce different tense marking auxiliaries in obliga-
tory contexts follow similar developmental growth 
curves, and that children with specific language 
impairment show a delayed but similar profile of 
acquisition, typically omitting auxiliary forms more 
often and for longer than typically developing chil-
dren. Furthermore, errors, for example, uninversion 
errors, such as What [ ] you can do?, are only pre-
dicted to occur in significant numbers in the idio-
syncratic parts of the auxiliary system, which must 
be learned on the basis of experience. Some studies 
have found evidence in support of this prediction, 
with children making more errors with the auxiliary 
do than with modal forms.

Usage-based constructivist theorists assume that 
children learn the auxiliary system purely on the 
basis of linguistic experience. From this perspective, 
the early unanalyzed auxiliaries in children’s speech 
provide the basis from which abstractions develop. 
Researchers predict piecemeal learning as children 
develop an adultlike system, with children show-
ing better knowledge of some auxiliary forms than 
others, related to the specifics of the language chil-
dren hear. Evidence put forward in support of this 
approach includes the finding that children’s acquisi-
tion of auxiliaries is related to their relative frequency 
in the input in terms of both form and function; rates 
of correct use differ according to the auxiliary’s iden-
tity, its person and tense marking, and its sentence 
subject; and there is only limited overlap in the main 
verbs used with different auxiliaries. With respect to 
errors, auxiliary omission errors (e.g., He [ ] sit there 
or What [ ] he doing?) are influenced by patterns of 

language use in the prior discourse; in some studies, 
errors with modals are found to be similar to those 
with do, and different types of errors (e.g., agreement 
errors such as The dogs is dancing and double mark-
ing errors such as Can the man can’t find it?’) occur 
at different rates according to the auxiliary’s identity 
and the sentence structure in which it appears. These 
findings suggest learning occurs in all aspects of the 
auxiliary system, not only the more idiosyncratic 
components.

Anna Theakston
University of Manchester

See	Also:	Aspect; Epistemic Markers; Filler Syllables and 
Acquisition of Grammatical Morphemes; Frequency 
Effects in Language Development; Item-Based/Exemplar-
Based Learning; Long-Distance Dependencies; Questions.

Further	Readings
Brown, R. A First Language: The Early Stages. Cambridge, 

MA: Harvard University Press, 1973.
Croft, W. Radical Construction Grammar. New York: 

Oxford University Press, 2001.
Lieven, E. “Learning the English Auxiliary.” In Corpora in 

Language Acquisition Research. TiLAR 6, H. Behrens, ed. 
Amsterdam: John Benjamins, 2008.

Pinker, S. Language Learnability and Language Development. 
Cambridge, MA: Harvard University Press, 1984.

Rice, Mabel L., Kenneth Wexler, and Patricia L. Cleave. 
“Specific Language Impairment as a Period of Extended 
Optional Infinitive.” Journal of Speech, Language and 
Hearing Research, v.38/4 (1995).

Richards, B. J. Language Development and Individual 
Differences: A Study of Auxiliary Verb Learning. 
Cambridge, UK: Cambridge University Press, 1990.

Wells, G. Language Development in the Preschool Years. 
Cambridge, UK: Cambridge University Press, 1985.





45

Baby	Sign	Systems
Baby signing (BS) is an augmentative communica-
tion approach developed for parents to use alongside 
speech with hearing preverbal infants. By providing 
babies with key word symbolic gestures, the aim is 
to provide infants with a means of communication 
prior to speech development. These gestures may 
emanate from the infant initially (spontaneous ges-
turing that is adopted by the parent for interpersonal 
use) or may be taught to the parent and infant in a 
more conventionalized way (e.g., through formal 
classes, DVD tuition, or online resources). 

The rationale for BS stems from the premise that 
infants’ symbolic development is in advance of their 
verbal communication skills. Thus, L. Acredolo and 
S. Goodwyn suggest that providing infants with BS 
leads to a diminution of frustration, and better mutual 
understanding and reciprocity in parent–infant inter-
actions. Numerous companies have flourished to pro-
mote and sell BS materials. All claim immense benefits 
beyond the facilitation of spoken language develop-
ment and reduced tantrums to increased child intelli-
gence (e.g., www.babysign.co.uk). Certainly, there is a 
long and successful employment of augmentative com-
munication systems with children who have speech or 
cognitive impairments—see, for example, the work of 
John Clibbens. Additionally, clinicians and research-
ers, such as R. Paul and L. Kellogg, have highlighted the 
association between communicative difficulties and 

behavioral problems in the preschool years, thereby 
emphasising the importance of good quality of com-
munication in the early years. However, two questions 
remain in relation to BS: What is the degree of sophis-
tication involved in infant symbolic comprehension at 
the earliest stages, and can the success of augmentative 
communication with often older, atypically developing 
children translate into similar successes with infants at 
a different developmental stage?

Research findings for the efficacy of BS are mixed. 
Whereas L. Acredolo, S. Goodwyn, and their colleagues 
have suggested that effects of BS may be associated 
with benefits to joint visual attention during parent–
infant interactions, or are generated by empowering 
the infant to focus on the topic and context of con-
versation while the parent discusses and clarifies con-
cepts, other researchers are not as effusive. Indeed, the 
lack of delineation between spontaneous gesture and 
BS renders claims specific to BS as fragile—as BS is 
not synonymous with naturally occurring prelinguis-
tic gestural skills, such as deictic pointing.

In 2005, J. Johnston and colleagues reviewed 1,208 
articles on BS, finding that only 17 of these met their 
(broad) inclusion criteria—studies of normally devel-
oping, hearing children who had received gestural 
sign intervention as prelingual infants. However, only 
eight papers cited original research, and five of these 
were case based. Johnston and colleagues concluded 
that certain, and varied, methodological weaknesses 
left the effectiveness of BS unconfirmed.

B



Recently, L. E. Howard reported a longitudinal 
study where she compared language and socioemo-
tional development in a group of infants engaged 
in a BS program with a nonintervention control and 
infants engaged in other augmentative interventions: 
an enhanced play condition and an enhanced child-
directed speech condition. She concluded that BS did 
not benefit language production. However, there was 
an early, albeit short-lived, advantage of BS on lan-
guage comprehension (around 14 months of age) 
beyond that experienced by infants in the other groups. 
Socioemotional results suggested that infants in the BS 
group sustained better scores than the nonintervention 
group over time but that a longer assessment period 
was required to qualify these findings more fully.

Ultimately, the lack of significant BS production by 
infants in the BS group may belie the sophistication of 
their symbolic development. Infants may use BS as a 
communication maintenance strategy rather than as a 
symbolic tool. T. D. Tolar and colleagues have queried 
the level of iconic understanding in young children. 
They found that 2½-year-olds did not consistently 
recognize the meaning of iconic signs, whereas by 3½ 
years of age, most children could do so at a level above 
chance. Thus, the symbolic usage of BS may relate 
more solidly to the establishment of interpersonal, 
joint meanings as part of routines and interactions. 
Pointedly, L. Acredolo and S. Goodwyn emphasized 
that the infant’s symbolic awareness had to be in place 
for BS to work. 

BS remains a controversial topic mainly due to 
limitations in accessing underlying mechanisms of 
language acquisition and development across infancy. 
Nevertheless, it is providing new and different ways 
of investigating these processes—something not to be 
underestimated.

Gwyneth Doherty-Sneddon
Lorraine Howard

Northumbria University
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Bayesian	Inference		
in	Word	Learning
The fundamental task of word learning is to map 
the phonological sound of a word to its referent or 
extension in the world: to realize, for instance, that the 
phoneme sequence /dog/ maps onto Snoopy and Fido 
but not the neighbor’s cat. This is a difficult problem 
because as the philosopher W. V. O. Quine (and many 
since) has demonstrated that the meanings of words 
are inherently logically underconstrained. There are 
an infinite number of possibilities consistent with the 
meaning of any word: Dog could mean four-legged 
animal that barks, undetached dog parts, this instance 
of a barking animal until time, furry animals 93 million 
miles from the sun, and so forth. In addition, children 
appear to learn words gradually, and even adults do 
not fully agree on the exact meaning of most words. 
These considerations suggest that word learning is a 
probabilistic process. As such, one of the key theoreti-
cal frameworks in which word learning may be stud-
ied is the Bayesian paradigm.

Bayesian probability theory provides a mathemat-
ical answer to the question of how to revise beliefs in 
light of new data. It describes an inductively correct 
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way of thinking, which results from formalizing 
simple desiderata that a proper reasoning system 
should meet. These desiderata include propositions 
like these: If one sees some data supporting propo-
sition A, one should conclude that A is more plau-
sible rather than less, and the more one thinks that 
A is true, the less one should think it is false. Because 
of this formalization, Bayesian inference is optimal 
in the sense that a non-Bayesian reasoner attempt-
ing to predict the future will always be out-predicted 
by a Bayesian reasoner in the long run. Mathemati-
cally, the theory predicts which beliefs or hypotheses 
are best supported by some data by combining two 
elements: the likelihood, which captures the degree 
to which the data are predicted by the hypothesis, 
and the prior, which captures the probability of the 
hypotheses before having seen the data. When used 
in cognitive science, the prior generally captures the 
biases a learner brings to the situation.

The utility of Bayesian inference in understand-
ing word learning is that it can be informative to 
compare the probabilistic inferences made by chil-
dren and adults as they are learning words with the 
probabilistic inferences that Bayesian probability 
theory predicts a learner should follow. When learn-
ers behave as predicted, the theory can explain the 
reasons for their behavior; when they behave differ-
ently, the theory can be modified to explore whether 
the differences derive from cognitive limitations like 
memory or different prior biases than were originally 
assumed. Bayesian models have found several spe-
cific applications in word learning so far.

Inference	From	a	Few	Examples:	The	Size	Principle
One of the central problems in word learning is under-
standing fast mapping—the ability to acquire the 
meaning of a word, including identifying its full exten-
sion, given only one or a few examples. From a theo-
retical point of view, this is a difficult problem because 
people know that word learning must be probabilistic, 
but probabilistic inference (especially as implemented 
in more neutrally inspired models like connectionist 
networks) is often slow and gradual. Bayesian infer-
ence offers an explanation for this. Consider a scenario 
in which a learner has seen a single Dalmatian and 
heard it called a Dalmatian. In this case, it is hard to 
know whether the word should also apply to schnau-
zers, the neighbor’s cat, or even a bird. However, if they 
have been shown three Dalmatians with that label, then 
most people would conclude that the word Dalmatian 

does not apply to other dogs, much less cats or birds. 
Intuitively, this is because, if it did apply more broadly, 
it would be odd indeed that not one of the three exam-
ples was something other than a Dalmatian.

The mathematics of Bayesian probability theory 
capture this intuition formally in something called the 
size principle. This principle captures the insight that 
people are more likely to see a given example if it is 
drawn from a concept with a smaller extension. People 
are more likely to draw a red ball from a bag containing 
two balls (a red and a green) than from a bag contain-
ing five balls (a red and four greens). In a similar way, 
people would be more likely to see a Dalmatian offered 
as an example of a Dalmatian than as an example of a 
dog because there are many other dogs that could have 
been chosen in the latter case. This effect is magnified 
as more examples are drawn. Thus, receiving three 
examples of Dalmatians is strong evidence that the 
word only refers to Dalmatians, rather than schnauzers 
or terriers as well. Both children and adults appear to 
make inferences about how to generalize based on the 
size principle, as Bayesian theory would predict.

A key underlying assumption driving this finding is 
that people are sensitive to how the data are sampled 
from the environment—in this case, which objects in 
the world are chosen as examples of a certain label. 
The size principle only applies if examples are sampled 
from the concept itself by a teacher who knows the 
concept. This sort of sampling, called strong sampling, 
occurs when a person specifically teaches a word (e.g., 
fep) by choosing examples of objects that are called 
feps. Another kind of possible sampling occurs when 
the learner—who does not know the meaning of the 
word—offers instances to the teacher to be labeled. 
This is called weak sampling and does not license the 
same generalizations: If an individualchooses the items, 
and they all happen to be feps, this does not imply that 
only those things chosen are feps. Indeed, both adults 
and children are sensitive to differences in how the data 
are sampled and generalize differently in each case as 
Bayesian probability theory predicts.

Inference	From	a	Few	Examples:		
Word	Learning	Biases
Another way in which people can generalize from 
just a few examples is by relying on word-learning 
biases. For instance, consider a child who has learned 
that all items called by the same word tend to have 
the same shape—this is called the shape bias. A child 
with the shape bias who is provided an example of 
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a ball will conclude, without having to see any other 
balls, that the new bouncy ball (a sphere) is more 
likely to be a ball than the block (a cube). The Bayes-
ian framework can explain this type of inference in 
two ways. Most straightforwardly, prior biases can 
be captured by encoding it in the prior probability. 
Under this approach, hypotheses about word mean-
ings with higher prior probability would be those in 
which all the items called by a word share the same 
shape. However, this approach requires building in 
the bias: What about biases that might be learned, 
like the shape bias?

Here, a kind of Bayesian model called a Hierarchi-
cal Bayesian Model (HBM) can provide an explana-
tion. Normal Bayesian learning involves calculating 
priors and likelihoods about different hypotheses (in 
this case, hypotheses about the meanings of words); 
in HBMs, learning also involves calculating priors 
and likelihoods about kinds of hypotheses. This sort 
of learning to learn may be what is going on when 
children acquire biases like the shape bias. The learner 
may be simultaneously learning about specific con-
cepts (e.g., that balls tend to be round and bouncy, 
while dogs have four legs and bark) as well as forming 
generalizations about kinds of concepts (e.g., most 
concepts map onto things that are uniform in shape 
but not texture or color). Once a bias like the shape 
bias is learned, fast mapping is facilitated because the 
learner doesn’t need multiple examples in order to 
know how to guess the extension of the category.

Combining	Multiple	Sources	of		
Information	in	Word	Learning
Word learning does not occur in isolation. It occurs 
at the same time that other aspects of language, like 
word segmentation and grammar, are being acquired; 
it also occurs at the same time that other types of 
knowledge are being acquired, like social behavior 
and how objects move. In one way, this joint learn-
ing problem makes the learning task harder because 
there is more to acquire. But in another way, it is easier 
because the different areas are mutually constraining. 
For instance, being able to track the social and refer-
ential attention of speakers based on where they are 
looking may make it easier to identify the meaning of 
the words they are using. 

Bayesian models provide an excellent framework 
for studying this sort of learning because multiple 
sources and kinds of information are all represented 
the same way: as probabilities about hypotheses. 

Moreover, Bayesian probability theory provides a nor-
mative standard of how information from multiple 
sources should be combined in the most optimal way, 
and this can be compared to human performance.

One Bayesian model of learning from multiple 
sources of information has addressed how people 
might acquire a lexicon while at the same time learn-
ing about their interlocutor’s referential intentions. 
The model makes two basic assumptions: first, that 
what speakers intend to say is a function of the world 
around them and, second, that the words they utter are 
a function of what they intend to say and the language 
they are speaking. It also encodes a prior preference for 
a smaller lexicon: a lexicon with spurious word–object 
mappings that do not explain the data (which items 
are labeled) would not be preferred. Based on these 
assumptions, the model ends up preferring one-to-
one lexicons and thus developing a mutual exclusivity 
bias (a bias to think that each word has one meaning). 
This bias emerges because, if the lexicon allows mul-
tiple words to refer to an object, then when that object 
occurs, the probability of any one word being said is 
reduced. In other words, if an object could be called 
a dax, a plim, or a tref, then the probability of hearing 
dax in the presence of the object is only 33 percent.

Another way that learners might combine mul-
tiple sources of information is to use information 
about grammar to help learn the meaning of words. 
A Bayesian model of simultaneous learning of word 
order and word meaning shows that each individual 
learning problem is facilitated by the other, at least 
in a toy world. This occurs in both directions. For 
instance, if a learner has realized that verbs tend to 
come after subjects and objects, they may quickly 
conclude that durk is the action when hearing a sen-
tence like Trif bel durk. Conversely, knowing that durk 
refers to an action could help a learner who doesn’t 
know the word order of the language to realize that 
verbs tend to come at the end.

Bayesian models of word learning have only existed 
since approximately 2007. As a result, there are many 
areas of word learning that they have not yet been 
applied to, and much remains to be learned about 
the limits of their applicability. So far, Bayesian infer-
ence has been most useful as a way to understand the 
abstract computational task that learners are faced 
with when learning words—what problems they must 
solve and what a solution would look like when gen-
eralizing from few examples, acquiring word-learning 
biases, or combining multiple sources of information. 
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Bayesian models have also proven valuable as a nor-
mative standard against which human behavior can 
be compared. Ultimately, they will need to be applied 
to larger-scale problems and include predictions 
about how limitations in cognitive capabilities would 
change the inferences predicted. Both of these are 
possible within the framework; only time will tell if 
their promise is realized.

Amy Perfors
University of Adelaide
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Bilingual	Language	
Development
It is estimated that half of the world’s child popu-
lation grows up with two or more languages from 
infancy. Yet, findings from how children acquire just 
a single language are often upheld as a norm. This 
entry considers bilingual language development on 
its own terms. Studying bilingual children is highly 
informative for teasing apart universal aspects of 

language development and aspects that are linked to 
a particular language. The very fact that it is possible 
to summarize bilingual children’s language develop-
ment regardless of which languages they are learning 
indicates that bilingual development subsumes many 
universal processes. At the same time, this entry out-
lines to what extent language-specific factors are at 
work. Studying bilingual children is of great social 
significance as parents and educators need research-
based information for making decisions on how to 
best teach children two languages. More so than for 
monolingual development, societal attitudes and 
input factors are of prime importance for fostering 
bilingual development. 

This entry summarizes the main findings about 
bilingual language development in children under age 
6 without known impairments who have heard two 
languages from birth (known as Bilingual First Lan-
guage Acquisition [BFLA]). These languages are called 
language Alpha and language A, as there is no chron-
ological difference between them. Children can also 
become bilingual through hearing a second language, 
L2, once they have started learning a single language 
first (known as Early Second Language Acquisition 
[ESLA]), but this is not the focus here. Publications 
on BFLA are available for more than 25 different lan-
guage combinations and include quite different lan-
guages, ranging from Inuktitut over Dutch to Japa-
nese, but so far, the following language combinations 
have been studied most frequently: German–French, 
French–English, and Spanish–English. This entry 
draws on the full range of data available.

Early	Speech	Perception
When infants are born, they do not yet understand the 
meanings of words and phrases used around them. It 
usually takes about half a year before they are able 
to recognize their own name, that is, before they can 
identify a string of sounds in a way that abstracts from 
the concrete characteristics of the speech signal (such 
as the precise pitch and volume of speech, which are 
different from speaker to speaker and from utterance 
to utterance). The ability to identify particular sounds 
goes hand in hand with the categorization of sounds. 
From the myriad different sounds they hear, young 
infants must learn to extract possibly relevant sounds 
and sounding patterns that will be necessary for the 
construction of phrasal and lexical meaning.

Children hearing two languages from birth are 
exposed to a greater range of variability in the speech 
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sounds surrounding them. Ultimately, they must cat-
egorize some of these speech sounds and the ways in 
which they combine as belonging to language Alpha 
and others as belonging to language A.

All infants strongly rely on the rhythm of speech 
in order to learn to discriminate sounds. Research 
has uncovered a higher sensitivity to prosodic and 
visual cues in children hearing two languages. This 
might help explain why, by the end of the first year 
of life, bilingual children are well able to discriminate 
between the sound contrasts used in each of their 
input languages. What monolingual infants are able 
to do in their single language, by that time then, bilin-
gual infants can do in two.

Babbling
Research on early bilingual speech perception has estab-
lished that young bilingual infants are highly sensitive 
to the linguistic context. Some indications have been 
found that, in their babbling, bilingual infants reflect 
the language context in which they are vocalizing. Lan-
guage context here refers to the language spoken by an 
adult interacting with children. Much more research is 
needed to further explore the language-specific nature 
of bilingual babbling. All studies documenting bilin-
gual infants’ prelinguistic vocalizations, however, show 
that, like children everywhere, bilingual infants, in the 
second half of their first year, start to produce open 
syllables consisting of a consonant (mostly a plosive) 
and a vowel. They repeat these syllables and later start 
to vary them within one breath. The communicative 
meaning of these babbles is unclear.

Understanding	Words
In a bilingual setting, children often encounter two 
words for pretty much one and the same category of 
entities, for instance, English dog and Spanish perro. 
Such words are translation equivalents. Young bilin-
gual children learn to understand two words for the 
same thing from very early on. This does not imply 
that they know that the one word is a translation of 
the other: The context will help them understand, as it 
does for monolingual infants. Contexts can be similar, 
such as when Mother calls a small, white barking ani-
mal doggie and Father refers to the very same animal 
as perro, but more likely contexts are somewhat differ-
ent, and doggie may be heard only when actual dogs 
are present, and perro may be heard only to refer to 
pictures of dogs. It is unlikely that children will con-
strue exactly the same meaning for the two members 

of a translation equivalent pair. Indeed, true and com-
plete translation equivalents may not exist.

In addition to so-called translation equivalents, 
children also hear people talk about things in language 
A that nobody discusses in language Alpha. Daddy 
may be the only one to talk about zoo animals. If 
daddy speaks Korean, but everyone else speaks Japa-
nese, then children won’t have a chance to learn the 
Japanese words for zoo animals. Although it is likely 
that, at some later point, children will hear about zoo 
animals in Japanese, topic specialization within each 
language is a common feature of bilingualism, start-
ing from infancy. Topic specialization may intensify 
during the school years if children attend monolingual 
schools.

Word comprehension in bilingual infants usually 
starts with their names and is a gradual development. 
Bilingual children add more and more words to their 
comprehension repertoire as they grow up. They may 
first show signs of understanding words only in lan-
guage Alpha, or they may learn to understand words 
from both languages from the start. Although bilin-
gual infants may understand more words in language 
Alpha than in language A, children who understand a 
lot of words in one language will understand a lot in 
the other one.

Bilingual children differ from each other a lot in 
the number of words that they understand in each 
language and in the proportion of words they under-
stand that are translation equivalents. If one counts 
the word forms that constitute translation equivalent 
pairs only once for bilingual infants (even though two 
very different forms are involved) and if one assumes 
that translation equivalents actually express the same 
meaning, there is no difference between young bilin-
guals and monolinguals in the number of meanings 
they understand. However, compared to same-aged 
monolinguals, bilingual infants understand many 
more different word forms.

Saying	Words
Bilingual children understand words in two languages 
long before they themselves start saying things that 
can be interpreted as words. Children may start to say 
words in each of their two languages, or there may be 
a lag between the timing for each. Like understanding 
words (word comprehension), learning to say words 
(word production) is a gradual development. Early 
words have unclear meanings, and it is difficult to cat-
egorize them grammatically.
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When bilingual children first start to say words, 
they usually add new words to their production rep-
ertoire only gradually. They may not say any new 
words for weeks. Then, like for monolingual children, 
there usually comes a point where bilingual children 
learn to say a few new words every day (the so-called 
vocabulary spurt). 

Many bilingual children will have words from both 
languages in their production vocabulary from early 
on. Other children will first focus on language A and 
add words from language Alpha much later.

Bilingual children’s production of translation equiv-
alents is an early development. Often, children will refer 
to the same entity by saying the words for it in both 
languages in one breath. They will often also translate a 
word they heard in language A into language Alpha, as 
if to confirm that both speaker and hearer in the con-
versation are talking about the same thing. These abili-
ties emerge prior to the second birthday.

Once bilingual children are saying a lot of words, 
their meanings appear to overlap quite well with how 
adults use those words, although over- and under-
extension are still common; that is, children apply 
words to a larger category of referents than adults do 
(e.g., calling a cow horse) or the reverse (e.g., saying 
chair only to refer to their own high chair and using 
some cover-all term like that to refer to other kinds 
of chairs). Under-extension is difficult to discover in 
monolingual children. In bilingual children, under-
extension is more noticeable, as when children use 
translation equivalents with different under-extended 
meanings, for example, voiture (French for car) only 
for Grandma’s car and auto (Dutch for car) only for 
Daddy’s car.

There can be large differences between the num-
ber of different words bilingual children say in each 
of their languages. Bilingual children differ from 
each other in the proportion of words in each lan-
guage. Like for monolinguals, there is also a great 
deal of variability between bilingual children in the 
speed with which they learn to say new words and 
in the number of words they say. The range of varia-
tion among bilingual toddlers is greater than that 
among monolingual children. On average, as Annick 
De Houwer and colleagues have found, as a group, 
bilingual toddlers have as large a production vocabu-
lary size as their monolingual peers (this is regardless 
of whether a single language is considered or both 
languages are combined). However, individual bilin-
gual children may be saying more than double the 

number of words than same-aged, top-performing 
monolinguals.

Bilingual children’s production vocabulary size in 
each language cannot be predicted from their com-
prehension vocabulary size (or vice versa). This disso-
ciation between early comprehension and production 
confirms earlier claims by Elizabeth Bates for mono-
lingual language development.

How	Are	Bilingual	Children	Saying	Words?
The form of bilingual children’s first words is quite 
unstable. Phonetic overlap with adult sounds is rarely 
complete. Bilingual infants and toddlers use pho-
nological processes in both languages, whereby they 
either substitute or delete sounds. They may also add 
sounds. Gradually, words start to sound more adult-
like, and it becomes easier for adults to categorize 
words as belonging to either language A or language 
Alpha. So far, no evidence has been found that bilin-
gual children systematically use sounds specific to 
language A in words from language Alpha, although 
syllable structure and word stress may appear to show 
influence from the other language. Given the general 
immaturity of children’s pronunciation in the pre-
school years, it is difficult, however, to interpret odd-
sounding pronunciations.

By the time children are 3 years old, unfamiliar 
adults will be able to understand most of what bilin-
gual children are saying (provided they know the same 
set of languages). Generally, children with bilingual 
input from birth make similar errors and use simi-
lar kinds of phonological processes in each of their 
languages as children acquiring the same language as 
their only language. In contrast, children who start 
speaking a second language after they have only been 
speaking a first often have an accent in their L2, which 
may or may not disappear later on. 

Like for monolingual children, bilingual children’s 
phonological development is far from complete by 
the time they start going to school. Especially sentence 
intonation patterns still need to be developed much 
further. 

Sentences	and	Beyond
After saying just single words, bilingual children start 
to combine them. These word combinations are not 
like adult sentences. They simply involve the juxtapo-
sition of two words that, combined with each other, 
express a more specific meaning than each word sepa-
rately can (e.g., mamã peix, that is, mommy fish, said 
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by a Portuguese–Swedish-speaking child while her 
mother was drawing a fish during a 2006 M. Cruz-
Ferreira study). It is difficult to find any grammatical 
structure in these two-word combinations.

Once word combinations arise, words from just 
a single language may be combined with each other 
(unilingual utterances), or a word from language A 
may be combined with one in language Alpha (mixed 
utterances). An example of an early unilingual utter-
ance is the German die da (that there) said by a Ger-
man–English-speaking boy. An example of an early 
mixed utterance is the word combination this à boire 
(English this followed by French to drink) said by a 
French–English-speaking girl.

Bilingual children may start to use unilingual 
utterances in both their languages at the same time. 
Other bilingual children use two-word utterances in 
language A first and only later start to use them in lan-
guage Alpha as well. Mixed utterances may be used 
from the start, only later, or not at all.

Some bilingual children do not go beyond two-
word combinations for several months, while others 
may soon start to use multiword utterances com-
bining three or four words. As these start to be used, 
grammatical features such as function words (e.g., 
articles and pronouns), bound morphemes (e.g., the 
–ing of verbs like playing), and specific word order 
patterns appear. An example of a four-word utterance 
is the Dutch ik ben nie moe (I am not tired) said by a 
Dutch–English-speaking girl, which combines a pro-
noun with the appropriate copula form and has cor-
rect word order. This utterance could have been said 
by an adult. As such, children’s multiword unilingual 
utterances have really become sentences. These sen-
tences soon start to contain more than four words.

Compared to adult usage, young bilingual chil-
dren’s sentences often appear to miss grammatically 
important bits. This is like young monolingual chil-
dren. A German example from a German–French-
speaking boy is Ofen heiss brennt (oven hot burns), 
which has fully German word order but is missing an 
article, a copula, a conjunction, and a pronoun, given 
that the full adult sentence would need to be Der Ofen 
ist heiss denn er brennt. Once multiword sentences 
become more frequent and longer, children start to 
make errors as well. These tend to concern the wrong 
choice of function words and bound morphemes. 
Word order errors are less common.

The structures used in bilingual children’s unilin-
gual utterances soon start to resemble the appropriate 

language. That is, if an utterance only has words from 
language Alpha, the word order will fit language Alpha, 
as will the bound morphemes and the function words 
(e.g., mommy I think it’s bleeding as said by a Dutch–
English-speaking girl). Indeed, the grammatical, mor-
phosyntactic structure of young bilingual children’s 
multiword unilingual utterances generally reflects the 
adult grammar of one particular language only, con-
firming their status as sentences. The Separate Develop-
ment Hypothesis (SDH) proposed by Annick De Hou-
wer in the late 1980s countered earlier assumptions of 
a grammatically mixed language stage in young bilin-
guals and proposed that young bilinguals who hear two 
separate languages in their input learn to speak them 
as two separate morphosyntactic systems without any 
systematic mutual influence between them.

Since the SDH was first proposed, it has been con-
firmed in all studies of bilingual children’s morpho-
syntactic development. Hitherto, no bilingual child 
has been found to indiscriminately combine gram-
matical features from both languages in utterances 
with words from just a single language. In fact, most 
of young bilingual children’s unilingual sentences 
closely resemble those typically said by children 
acquiring that same language as their only language.

The fact that children with bilingual input from 
birth approach their two languages as two closed 
morphosyntactic sets does not preclude cases where 
influence from the other language appears to be the 
underlying cause for a particular error (as in Be care-
ful—don’t break, said by a Cantonese–English-speaking 
child, where the lack of an object may show influence 
from Cantonese; such objectless structures, however, 
also appear in English-speaking monolingual chil-
dren). Subtle interactions between a bilingual child’s 
two grammatical systems are certainly possible, but 
so far, no systematic influences have been in evidence. 
Children’s apparent interaction errors may in fact be 
modeled on second-language errors in the input.

Besides unilingual utterances, bilingual children 
may also use mixed utterances, which combine 
words from both languages. Mixed two-word utter-
ances are structurally impervious to analysis. Longer 
mixed utterances can be structurally analyzed. Most 
longer, mixed utterances involve the insertion of a 
noun from language Alpha into a sentence that oth-
erwise follows the grammatical rules of language A 
(e.g., da war so’n kleiner motoscafo [there was such a 
small boat], said by a German–Italian-speaking boy; 
the utterance is in German except for the last noun, 
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which is in Italian). In mixed utterances, bound mor-
phemes from language A may be attached to stems 
from language Alpha (e.g., I’m just schraubing this 
on, said by a German–English-speaking boy who 
used the German verb stem schraub (screw) with the 
English –ing suffix). The same happens when adult 
monolinguals borrow a word from another language 
and simply insert it into their language as if it had 
always been there.

Beyond the borrowing of single nouns (cf. above), 
researchers have as yet been unable to find any general 
structural patterns in bilingual children’s mixed utter-
ances. The complex to-and-fro code switching found in 
the speech of some mature bilinguals has so far not been 
found in child bilinguals, possibly because children still 
lack the morphosyntactic fluency and complexity that 
underlies mature bilinguals’ code-switching skills.

Bilingual children gradually develop this mor-
phosyntactic fluency and complexity further in the 
school years. By the time they are ready to start learn-
ing to read and write, bilingual children have learned 
to combine simple sentences into complex sentences 
that consist of several clauses, including coordinating 
clauses and subclauses. They have learned to combine 
complex sentences into narratives, although they have 
yet to learn a great deal about discourse cohesion and 
pragmatics. The separate development in evidence in 
bilingual children’s early multiword utterances con-
tinues, although on the semantic level cross-linguistic 
influence may become more frequent. On the whole, 
the grammatical features of bilingual children’s speech 
in either of their languages resemble those used by 
monolingual children.

Language	Repertoires
Once children are using two-word utterances, they will 
still be using many single-word utterances. Once they 
start to say multiword utterances, two-word utterances 
may coexist side by side, but the earlier single-word 
utterances will disappear (except for brief answers to 
questions and other single-word utterances that adults 
use as well). As children become more fluent and the 
complexity of their sentences increases, the earlier 
structureless two-word utterances disappear. This is 
true for both monolingual and bilingual children.

All normally developing children learn to say utter-
ances and sentences in one particular language A. 
Over and beyond this, bilingual children’s language 
repertoires usually differ substantially from those 
used by monolingual children. Bilingual children 

generally also learn to say utterances and sentences 
in their other language, language Alpha. In addition, 
they may use mixed utterances.

The proportion with which bilingual children use 
each of these types of utterances (unilingual in lan-
guage A, unilingual in language Alpha, or mixed) is 
quite variable and may change over time. The upper 
limit so far observed for mixed utterances runs at 
about 35 percent of children’s total number of utter-
ances at any one time. Usually, the proportion of 
mixed utterances is far lower than 35 percent. Unilin-
gual utterances, then, are always more frequent. Not 
all bilingual children produce mixed utterances. 

If one looks just at unilingual utterances, the pro-
portion with which these are used in each language 
can run from 0 to 100 percent. That is, children may 
say no utterances in language A but only in language 
Alpha or the other way round. Thus, they effectively 
speak only a single language (see further below). On 
the other side of the spectrum, there are bilingual 
children who speak both languages equally frequently. 
About half of their unilingual utterances may be in 
language A and the other half in language Alpha. Other 
bilingual children who speak two languages may use 
one of them markedly more often than the other (for 
instance, a quarter of their unilingual utterances will 
be in language A and the other three-quarters in lan-
guage Alpha). Children who speak two languages are 
able to switch between them without apparent effort.

Uneven	Development
The basic expectation for bilingual children’s language 
development is that they develop each language sepa-
rately from the other. This entails that development of 
each language compared to the other is uneven. One 
language may be used more frequently than the other, 
and one language may be better developed than the 
other. For instance, toddlers may be saying multiword 
sentences in language A but two-word utterances in 
language Alpha, which represent a more immature 
state of development than multiword sentences. It is 
rare that bilingual children speak both of their lan-
guages equally frequently and equally well. Even such 
balanced bilingual children show uneven development 
because they will be using two separate morphosyn-
tactic systems. Separate development in grammatical 
usage is but another instance of uneven development.

The implication of the pervasiveness of uneven 
development in bilingual children is that it is insuf-
ficient for speech and language professionals or 
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educators to test children in just one of their lan-
guages. Children may unwittingly be tested in their 
weaker language, and this may skew results. In order 
to carry out a full assessment of a bilingual child’s 
language development, both languages should be 
evaluated.

Milestones
Milestones are key events in young children’s lan-
guage development. If children do not reach particu-
lar milestones or differ a lot from other children in the 
age at which they reach these milestones, there may 
be a developmental problem. Listed below are some 
universal milestones that are considered paramount 
for children everywhere. These milestones are nor-
mally reached at the same age in both bilingual and 
monolingual children. In addition, two milestones are 
shown that are only relevant to bilingual children. The 
milestones here are limited to children up until age 3.

Because of uneven development, bilingual children 
may not reach a certain milestone at the same time 
for each of their languages. For an assessment of nor-
mal language development, it is essential to know that 
bilingual children have reached a particular milestone 
in one of their languages, not necessarily in both.

Universal	Milestones	and	Their	Timing		
for	Bilingual	Children	
Timings are based on group averages; there is a lot of 
individual variation.
 

• Most bilingual infants are babbling by age 7 
months. 

• Most bilingual children are able to under-
stand several words and phrases by the time 
they are 9 or 10 months old.

• Most bilingual children’s first words are pro-
duced around the first birthday.

• Most bilingual children have a repertoire of 
50 words by age 20 months (many say more 
words by then).

• Most bilingual children are combining words 
by their second birthday (many have already 
started doing so much earlier).

Milestones	Specific	to	Bilingual	Children
• By age 13 months, bilingual children under-

stand words in both their input languages. 
If they do not, they should not be character-
ized as bilingual.

• By age 3, children with continued regular 
bilingual input from birth who speak two 
languages show evidence of separate gram-
matical development in each (although such 
separate development is usually present at an 
earlier age). Bilingual children who appear to 
indiscriminately mix grammatical features 
of two languages are developing outside the 
norm.

Speaking	Only	a	Single	Language
The expectation for monolingual language develop-
ment is that children will learn to speak the language 
they are addressed in. For bilingual children, there can 
be no expectation that they will learn to speak the two 
languages that they are addressed in: About a quarter 
of all children with regular bilingual language input 
speak only a single language. Speaking only a single 
language is an extreme case of uneven development. 

Whereas so far all young bilingual children studied 
appear to say single words in two languages prior to 
their second birthday, there are several examples of 
bilingual children who never start to combine words 
in language A but do so only in language Alpha. Lan-
guage A may continue to be used in single-word utter-
ances and later on in mixed utterances. Other bilin-
gual children start to say unilingual sentences in both 
languages, but at some later point stop speaking one 
of their languages. This is called language attrition. A 
key point here is the time that children start to go to 
preschool or school: Many children who were quite 
fluent in two languages up until that point switch to 
just a single language soon after this important event. 
It is possible for children to resume speaking the previ-
ously “lost” language, but children may actively resist 
speaking another language than the school language.

Although bilingual children may speak only a single 
language, if their input continues to be bilingual, they 
continue to understand two languages. This continued 
comprehension allows the existence of bilingual con-
versations, in which each person addresses the con-
versational partner in another language (e.g., Mother 
speaks Danish to her son, who answers in Greek).

The fact that young bilingual children may speak 
only a single language is often a problem for family 
members. Communication with relatives who live far 
away and do not speak the language the child speaks 
becomes very difficult indeed. This may have nega-
tive consequences for children’s overall development. 
In addition, bilingual conversations between close 
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family members such as parents and children may 
create feelings of emotional distance. The dynamics 
of interaction may be so badly affected that parents 
feel they have no authority over their children and 
are rejected by them. This is detrimental to family 
harmony.

When	to	Use	Which	Language
Children who speak two languages must always choose 
between them: It is impossible to speak two languages 
at the same time. Language choice primarily depends 
on what person children are talking to. Bilingual chil-
dren tend to follow that person’s language choice, 
so if they are addressed in Turkish, they will tend to 
respond in Turkish, while if they are addressed in their 
other language, French, they will tend to respond in 
French. When they initiate a conversation, children 
will usually select the language they normally speak 
with the person they want to talk to.

Many of the people that bilingual children inter-
act with may address children in two languages. The 
choice of which language to use is not random but 
depends on setting, topic, and other factors. Bilingual 
children are very well able to pick up on these differ-
ent circumstances and will adjust their own language 
choice accordingly. There is evidence that bilingual 
children’s social understanding of communicative 
settings develops earlier than in monolinguals. Bilin-
gual children are usually also acutely aware of their 
interlocutor’s language abilities.

Bilingual children tend to use mixed utterances 
only with people who understand both languages. 
That excludes monolinguals. In addition, bilingual 
children are very sensitive to whether their interlocu-
tor accepts the use of mixed utterances or not. Many 
people frown on their use and will react negatively if 
children insert words from language A into a sentence 
in language Alpha.

Bilingual children who speak only a single lan-
guage obviously do not follow these patterns. They 
can speak their single language only to addressees 
who understand that language.

Input	Factors
In a monolingual setting, everybody addresses chil-
dren in just a single language. In a bilingual setting, 
children hear two languages. This appears straightfor-
ward, but the language input situations that bilingual 
children find themselves in vary enormously from 
child to child:

• Children may hear each of their languages 
very frequently or less so. 

• The proportion of input in each language 
may be similar or different.

• Children may hear language A from just one 
person and may hear everyone else speak 
language Alpha. 

• Children may hear everybody who talks to 
them use only a single language (but some 
people use language A, and others use lan-
guage Alpha). Alternatively, most people may 
address children in each of two languages, or 
there is a mix of people who stick to a single 
language and those who do not.

• Children may hear either of their languages 
as spoken by native speakers and by second-
language learners, or they may hear one of 
their languages exclusively through second-
language learners. Second-language learners 
may sound very much like native speakers, 
but more typically they have accented speech 
and make some grammatical and semantic 
errors.

• Bilingual speakers who talk to children may 
insist that children use the language they 
address to them, or they may not care and 
allow children to use what language they wish. 

• People addressing bilingual children may not 
find the use of mixed utterances acceptable 
or may have nothing against them. Either of 
these positions may implicitly or explicitly 
be communicated to children.

All of these input factors are subject to change over 
time. Their complexity and dynamic nature make it 
difficult to pinpoint precise influences of the input 
on bilingual development. However, more and more 
evidence is emerging about the role of input factors 
in explaining developments that are specific to child 
bilinguals. In particular, patterns of uneven devel-
opment can be accounted for by input factors. Most 
notably, the frequency with which children hear each 
of their languages is of prime importance. 

In	Conclusion:	Fostering	Harmonious		
Bilingual	Development
Often, early bilingualism is considered a threat to the 
course of language development. The research evi-
dence shows that this fear is unfounded. Bilingual 
children reach the same milestones at the same time 
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as monolingual children. Most bilingually raised chil-
dren learn to speak two languages fluently by the time 
they start school, a feat that many monolingual adults 
are envious of. Children clearly come equipped with 
the capacities to acquire two languages from a very 
early age, a process that does not cost children more 
developmental time or any particular extra effort. 

At the same time, bilingual development can be seen 
as more fragile than monolingual development: Many 
bilingual children never learn to speak two languages 
or lose their ability to do so. This may lead to emotional 
problems for their families and themselves. One under-
lying cause for bilingual children’s single language use 
may lie in the input: Children may not be socialized into 
actually having to speak two languages, or they may not 
be hearing enough of one of their languages, or it may 
be a combination of both. In addition, children may 
develop negative attitudes toward one of their input 
languages. Such attitudes are often present in society at 
large and are communicated to children through other 
children as well as important adults. 

The role of attitudes in bilingual language devel-
opment is paramount. With positive attitudes toward 
early bilingual development and sufficient input sup-
port, children can become proficient in two languages 
and experience their bilingualism as a normal or even 
positive part of life. 

Annick De Houwer
University of Erfurt 
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Bilingualism:	Effects	on	
Cognitive	Development
Although the use of two or more languages is common 
in many places in the world, it was not until recently 
that research on language and cognition considered 
the consequences of bilingualism. The new research 
on this topic examines the course of language and 
cognitive development for infants and young children 
exposed to two languages from birth, the way that 
multiple language use affects language processing and 
cognitive control processes in adulthood, and the con-
sequences of bilingual language experience for older 
bilinguals at the point in the life span where cognitive 
resources are normally affected by aging or abnor-
mally affected by disease. Contrary to the view that the 
presence of two languages complicates cognition, the 
evidence that will be reviewed suggests that the human 
mind is designed to handle the potential competition 
that results across different languages, with changes in 
the brain and behavior that are largely positive with 
respect to cognitive function. In this entry, the effects 
of bilingualism on cognitive development and func-
tioning at each of the three major points in the life 
span will be considered: in infancy and early child-
hood, in young adulthood, and in the elderly. 

Infancy	and	Early	Childhood	
When investigating effects of bilingual experience on 
cognition, infancy might seem an unlikely phase in 
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the developmental trajectory in which to find such 
effects. After all, bilingually exposed infants are not 
only prelingual, they also have not accumulated vast 
language experience. However, evidence for cognitive 
advantages in bilingually exposed infants relative to 
monolingually exposed infants has been observed. 
One such study by Ágnes Kovács and Jacques Mehler 
found that both bilingually and monolingually 
exposed 7-month-old infants were equally able to 
learn cue-reward associations in multiple domains 
(i.e., visual and auditory). However, when those cue-
reward mappings were altered, such that the location 
of the visual reward no longer appeared reliably in 
the previous location but rather in a different loca-
tion, only bilingually exposed infants were able to 
learn these pairings. The authors argue that this 
remarkably early cognitive enhancement in prelin-
gual infants is related to exposure to multiple lan-
guages, in that exposure to multiple language systems 
requires increased cognitive control to manage input 
from multiple language systems, and that such con-
trol is supported by a nonlinguistic, domain-general 
mechanism or system.

In support of the idea that exposure to multiple 
languages as an infant can have implications at very 
early stages, research by Núria Sebastián-Gallés and 
Laura Bosch has demonstrated effects on the time 
course of the development of phonological catego-
ries. Unlike speakers later in life, infants at birth are 
able to discriminate between many phonetic contrasts, 
not just those from their native language (or, in the 
case of young infants, the language of environmental 
exposure). However, at some point between 4 and 8 
months of age, monolingually exposed infants cease 
discrimination of non-native language phonological 
categories, seemingly honing in on the contrasts that 
are relevant for the language they will ultimately speak. 
However, bilingual infants continue to demonstrate 
perception for non-native contrasts at 8 months old, 
but eventually show the same native language-specific 
perceptual contrasts at 12 months of age as monolin-
guals do at 8 months. Such an extended time period 
for the development of language-specific processing 
has been characterized as a type in which more time 
is needed in order for the infant to assess and process 
cues in the environment, and that this initial delay 
ultimately has positive consequences for infant brains.

By early childhood, effects of bilingualism can be 
found in multiple domains, including receptive vocab-
ulary, metalinguistic knowledge, use of word learning 

heuristics, as well as from cognitive control. Within the 
domain of receptive vocabulary, multiple studies have 
found that bilinguals are delayed relative to monolin-
guals, despite additional evidence that both bilingual 
and monolingual children reach early linguistic mile-
stones at approximately the same ages. Moreover, these 
disadvantages persist throughout childhood, though 
when receptive vocabulary in both of a bilingual’s two 
languages are considered, the disadvantages are elimi-
nated. Bilingual children are also less likely to make use 
of word learning heuristics such as mutual exclusivity 
(though in the case of mutual exclusivity, experience 
with multiple languages and translation equivalents 
might render this heuristic unreliable).

Evidence from cognitive tasks has generally been 
much more positive. For example, in experiments 
conducted by Ellen Bialystok and Judith Codd, bilin-
gual and monolingual children between the ages of 3 
and 5 years old were tested on a series of tasks involv-
ing understanding of quantity, cardinality, and inhi-
bition of irrelevant information. On the tasks that 
assessed understanding of quantity and cardinality, 
both groups of children performed similarly. How-
ever, on the task involving the inhibition of irrelevant 
information, the bilingual children outperformed the 
monolingual children. A later study conducted by the 
same research group found similar results in a series 
of tasks when 5-year-old bilingual and monolingual 
children were asked to categorize stimuli based on 
one of two features. The results showed that bilin-
gual and monolingual children were equally accu-
rate at switching between rules based on semantic 
features, but that bilingual children outperformed 
monolingual children when asked to categorize the 
stimuli based on perceptual features. The argument 
the authors made to account for both sets of data 
is that bilingual children are better able to perform 
tasks that require inhibition of salient and irrelevant 
information.

It seems, then, that exposure to multiple languages 
in the environment generally has positive conse-
quences for cognition, particularly in cognitive flex-
ibility and the ability to ignore irrelevant informa-
tion. Moreover, this appears to be the case for both 
prelingual infants and young children.

Young	Adulthood	
Young adults are often considered to be at the top of 
their cognitive performance, so it might be surpris-
ing to learn that language experience has notable 
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consequences. Some young adults have the learn-
ing history described above, with a second language 
acquired in early childhood. Others acquire the sec-
ond language later as teenagers or young adults with 
exposure primarily in tutored classroom instruction. 
Although late second language learning past early 
childhood can be difficult, the studies on the conse-
quences of multiple language use suggest that cog-
nitive changes can be observed for bilinguals who 
have become relatively proficient in both languages, 
regardless of the age of acquisition.

The observation that has shaped much of the recent 
research on language processing in bilinguals is that 
both languages appear to be active even when only 
one of the two languages is required. The constant 
juggling of the two languages is hypothesized to create 
cross-language competition that requires resolution. 
The continual requirement to select the appropriate 
language is thought to produce more general skill in 
the realm of executive function, with the result that 
bilinguals have greater experience relative to mono-
linguals in ignoring irrelevant information, switching 
from one task to another, and in resolving conflict 
across competing conditions. 

The openness of the two languages is a feature 
of bilingualism that has profound consequences for 
language processing. The parallel activity of both 
languages and their interactions can be seen in stud-
ies of word recognition, word production, and in 
sentence processing, where the grammar of one lan-
guage affects the grammar of the other language. A 
key observation is that the presence of cross-language 
interactions does not depend on the similarity of the 
two languages. 

Perhaps the most dramatic example can be seen 
in research on bimodal bilingualism in which deaf or 
hearing bilinguals read or speak a written language 
and also use a signed language. A study by Jill Mor-
ford, Erin Wilkinson, Agnes Villwock, Pilar Piñar, 
and Judith Kroll examined the performance of deaf 
readers of English who use American Sign Language 
(ASL) as their primary means of communication. 
They asked these deaf bimodal bilinguals to read pairs 
of words in English and to decide whether words were 
semantically related. No ASL was presented and the 
task was performed only in English by pressing a key 
to indicate that the words were semantically related 
or not. What the participants did not know was that 
some of the English words had ASL translations that 
were similar in their form (e.g., hand shape). 

When the English words were semantically unre-
lated but the form of the ASL translation was similar, 
there was a conflict to which only the deaf readers were 
sensitive; monolingual readers of English produced 
no differences. The result suggests that the dominant 
language translation is activated when reading in the 
second language even when the two languages do not 
share word forms. The apparent insensitivity to cues 
across the two languages that might serve as a means 
to separate them easily is a key feature of adult bilin-
gualism. Adult bilinguals, unlike bilingually exposed 
babies, do not appear able to exploit the distinct 
features of their two languages to more easily select 
one language rather than the other. Evidence for that 
insensitivity can be seen in studies that investigate 
lexical processes out of context, like the one described 
above, and most counterintuitively, when bilinguals 
process sentences in one language alone. The language 
of a sentence context does not appear to be sufficient 
to restrict processing to that language.

But how does the parallel activation of the two 
languages map onto cognitive consequences for bilin-
guals? A recent study by Henrike Blumenfeld and 
Viorica Marian illustrates the interplay between these 
processes. They first used the visual world eye-tracking 
paradigm to examine spoken word recognition in the 
native language of both bilinguals and monolinguals. 
A grid with four objects is presented and participants 
click a computer mouse to indicate which of the 
objects matches a spoken word. Eye movements are 
monitored while they perform the task. Past research 
using this task has shown that when object names 
sound like the spoken target word (e.g., a picture of a 
“candle” when the target is “candy”), individuals look 
ever so slightly longer at the competitor picture relative 
to control pictures that do not sound like the target. 
Blumenfeld and Marian found that this was indeed 
the case for both bilinguals and monolinguals recog-
nizing words in their native language. On a subsequent 
trial, the same grid was presented but with an asterisk 
in one corner replacing the pictures. Participants were 
required to click on the position of the asterisk. The 
monolinguals revealed an inhibitory pattern when the 
asterisk appeared in the same position as the previous 
competitor. In contrast, the bilinguals did not, suggest-
ing that the bilinguals were able to resolve the compe-
tition that arose from the similar sounding word more 
quickly than the monolinguals. 

Does cross-language activation have any conse-
quences for fluent language performance? Like the 
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results of studies with bilingual children, there is some 
evidence that bilingual adults suffer some negative 
consequences of using more than one language, par-
ticularly in the speed of lexical retrieval for each lan-
guage. The slight disadvantage that bilinguals reveal in 
speed of processing can be understood as a reduction 
of accessibility or frequency for both languages or a 
reflection of the costs associated with cross-language 
competition. Recent studies that exploit neuroimag-
ing methods to investigate bilingualism also show that 
bilinguals appear to be able to resolve conflict more 
efficiently than their monolingual counterparts. Jubin 
Abutalebi and his colleagues used functional magnetic 
resonance imaging (fMRI) methods to compare bilin-
gual and monolingual performance on nonverbal mea-
sures of cognitive control under conditions in which 
there was a required switch or where conflict was pres-
ent (e.g., press the key on the right when a set of arrows 
are pointing to the left). They found that bilinguals 
revealed less activation of the anterior cingulate cortex 
(ACC) than monolinguals, although no language task 
was engaged. The result suggests that bilinguals use the 
ACC more efficiently than monolinguals. 

Bilingualism	and	Aging		
Perhaps the most provocative findings on bilingual-
ism and cognitive development across the life span are 
those associated with aging. Healthy older adults typi-
cally reveal cognitive decline in just those areas of exec-
utive function that have been observed to be affected 
by bilingualism. It is common for healthy individuals 
to become more affected by cognitive conflict as they 
age. But what the research on bilingualism shows is that 
a life of bilingualism has the consequence of modulat-
ing the rate of cognitive decline during normal aging. 
In one study, Ellen Bialystok, Fergus Craik, Raymond 
Klein, and Mythili Viswanathan used the Simon task, a 
nonverbal measure of executive control, to investigate 
the consequences of bilingualism across the life span. In 
the Simon task, a set of colored squares are presented, 
and the participant simply presses one of two keys to 
indicate which color was presented. Conflict is induced 
by varying the mappings between the position of the 
colored squares on the screen and the position of the 
response key. The typical finding is that individuals are 
slower to press the key when there is conflict between 
the position of the response and the position of the col-
ored square than when there is congruence. The pro-
cessing time and magnitude of the conflict effect gen-
erally increase across the life span, with larger costs of 

conflict for older than for younger adults. Bialystok and 
colleagues reported this pattern but found that the rate 
of cognitive decline in the Simon task was more grad-
ual for bilinguals than for monolinguals as they aged.

How extensive are the benefits of bilingualism for 
the elderly? The findings that have received the most 
attention to date are those for elderly people who have 
been diagnosed with Alzheimer’s disease. Ellen Bialys-
tok, Fergus Craik, and Morris Freedman analyzed hos-
pital data on the age at which patients presented with 
Alzheimer’s–type symptoms of dementia. They found 
that bilinguals reported symptoms an average of four 
years later than monolinguals, suggesting that the 
bilinguals had acquired cognitive reserve that offered 
protection to them against the symptoms of dementia. 
The consequences of life with two languages does not 
reduce the risk of developing Alzheimer’s, but appears 
to provide resources that enable bilingual patients 
to better cope with the symptoms. In a subsequent 
study, Tom Schweizer, Jenna Ware, Corrine Fischer, 
Fergus Craik, and Ellen Bialystok compared matched 
groups of Alzheimer’s patients with similar symptoms 
who were either bilingual or monolingual. CT scans 
revealed that the bilingual patients had greater brain 
atrophy than the monolingual patients, although they 
presented behaviorally as being similar. The group 
difference supports the claim that the bilinguals ben-
efitted from the protective consequences of the cogni-
tive reserve that they had developed over the course 
of their lives.

Conclusion	
Studies of bilinguals at all stages of life demonstrate 
that there are a range of consequences of multiple lan-
guage use for cognition. Most of the effects of bilin-
gualism on cognitive development and performance 
are positive, with enhancements to cognitive control 
and to the neural networks that support it. The spe-
cific consequences of bilingualism vary from early 
infancy to old age and in the context of the different 
language processing requirements associated with the 
particular ways in which language is used. In the next 
stage of research, it will be essential to identify how 
language use maps onto specific consequences for the 
mind and the brain.

Judith F. Kroll
Pennsylvania State University

Cari A. Bogulski
York University
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Bilingualism:	Interactions	
Between	Languages
A majority of people in the world use more than one 
language in the course of their daily living, and it is esti-
mated that most children today grow up with exposure 
to two or more languages. Although many people tend 
to think of a bilingual person as an individual who has 
balanced and perfect command of the two languages he 
or she speaks, this conceptualization actually describes 

a very small minority of bilinguals. Most bilinguals dif-
fer in their proficiency of the two languages and tend 
to use them in different contexts for different purposes. 
Research over the last two decades has revealed that the 
two languages of bilinguals mostly rely on shared neu-
ral substrates and cognitive resources, giving rise to a 
rich and complex network of interactions and bidirec-
tional influences between the two language systems. 

A	Bilingual	Is	Not	Two	Monolinguals	in	One	
Two of the early and enduring questions in investi-
gating bilinguals have been the degree to which the 
two language systems are independent and whether 
bilinguals can in fact function as monolinguals under 
certain circumstances and in effect turn off one of the 
languages. The subjective feeling of many proficient 
bilinguals is that this is indeed the case because, most 
of the time, such bilinguals manage to produce the 
intended language without experiencing interference 
or intrusions from the nontarget language.

Francois Grosjean has investigated this issue and 
coined the term language mode. On one end of the 
continuum lies the monolingual language mode, in 
which a bilingual effectively activates only one of the 
language systems and processes language as a mono-
lingual would. On the other end is the full bilingual 
mode, where both languages are active simultane-
ously, enabling phenomena such as code switching, in 
which a bilingual can alternate languages even within 
a single phrase. Grosjean postulates that bilinguals 
have a choice in selecting the relevant language for 
a specific exchange based on their interlocutor, the 
topic, the context, and other considerations. Grosjean 
also argues that bilinguals have a choice in determin-
ing how active the nontarget language will be in such 
an exchange, again based inter alia on the linguistic 
knowledge of their conversant. This choice will then 
determine the bilingual’s position along the language 
mode continuum in any given exchange. For exam-
ple, a Spanish–English bilingual can choose to con-
duct a specific conversation in Spanish. However, if 
this conversation is conducted with another bilingual, 
the speaker may introduce various turns of speech in 
English, whereas if the conversational partner has no 
knowledge of English, the speaker will limit the con-
versation to Spanish exclusively. 

Other research, however, has brought into question 
the degree to which bilinguals can indeed deliberately 
deactivate one of their language systems and operate in 
a true monolingual mode. One of the reasons that this 
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issue has been difficult to resolve is that, in most exper-
imental settings designed to investigate cross-language 
influences, the bilingual mode has been instantiated to 
some degree, even if in a limited fashion. According 
to Grosjean, even the knowledge of participants in an 
experiment that they were recruited because of their 
bilingualism will move them along the continuum 
from a pure monolingual mode and therefore increase 
the likelihood of finding evidence of some cross-lan-
guage influences from the nontarget language. Several 
examples of such influences will be described below.

Vivian Cook offers another informative perspective 
on bilingual language processing through his multi-
competence framework. Cook claims that bilinguals are 
inherently different from monolingual speakers both 
in their first language (L1) and in the second language 
(L2). As such, monolinguals should not be the yard-
stick against which bilinguals are measured because it 
is an impossible goal for L2 speakers to become mono-
lingual, native speakers of the language, a state, more-
over, that is unnecessary for most purposes for which 
individuals learn a second language. Cook argues that 
language education therefore should not strive to turn 
L2 learners into native speakers but rather allow them 
to achieve their instrumental goal for learning the lan-
guage, be it educational, occupational, or cultural. The 
theoretical view of multicompetence and the funda-
mental differences between monolingual and bilin-
gual language users are supported by various findings 
regarding the shared representations and interconnec-
tions between the languages of bilinguals. 

Shared	or	Separate	Representations?
As the description above would suggest, current mod-
els of the bilingual language system agree that there is 
at least some degree of sharing between the languages, 
although there is still much debate regarding exactly 
what levels of representation are shared. Because lan-
guages tend to refer to similar concepts, there is general 
agreement that conceptual and semantic representa-
tions of bilinguals are mostly shared across the two lan-
guages. Support for shared semantic representations, 
for example, comes from findings of robust transla-
tion priming in bilinguals. To illustrate, when a Span-
ish–English bilingual is briefly exposed to the English 
prime word table, he or she is faster and more accurate 
to then respond to the Spanish target word mesa (which 
shares the meaning of table). This finding is interpreted 
as demonstrating that the prime word activated the 
concept and then facilitated processing of the target 

word. This account of shared conceptual representa-
tions leading to facilitation in word processing receives 
support from additional experimental paradigms.

Although less investigated, there is similar evi-
dence in the domain of syntax and grammar. Thus, 
bilinguals who have just used a specific grammati-
cal structure in one language, for example, a passive 
construction, are more likely to produce a sentence 
in the other language using the same structure. This 
is a phenomenon called syntactic priming, which was 
originally described for monolinguals in their native 
language. The fact that there is such priming between 
the languages of bilinguals is again taken as evidence 
supporting shared representations of syntactic infor-
mation in the bilingual language system.

Cross-language semantic and syntactic priming 
supports the notion of shared representations across 
languages, but alternative views have also been put 
forth. Specifically, most extant experimental evidence 
cannot rule out the possibility that separate represen-
tations exist for each language, but they are activated 
in parallel most of the time. Thus, when a bilingual 
speaker plans to speak a sentence, possible words and 
grammatical structures are activated in both lan-
guages, and ultimately, the language of production is 
determined by control mechanisms that inhibit acti-
vated representations in the nontarget language. 

Similarly, when a bilingual encounters spoken or 
written linguistic input for comprehension, lexical can-
didates might become activated in both languages, and 
again competition is resolved by inhibitory processes 
allowing the system to converge on the intended word 
in the relevant language. Contrary to the subjective 
feeling of many proficient bilinguals, there is abundant 
empirical evidence that the bilingual language system 
is fundamentally nonselective for language and that 
there is constant competition, both in comprehension 
and in production, between lexical items from the two 
languages. Thus, although it might still be difficult to 
distinguish at this point between simultaneous acti-
vation of parallel structures and representations and 
activation of single, shared representations, the bot-
tom line seems to be that both language systems con-
tinuously influence the performance of bilinguals.

Transfer	and	Interference
In light of the description above, it is unsurprising 
that there is much evidence demonstrating a phe-
nomenon called transfer in language learners and 
bilinguals. Transfer is defined as the influence from 
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one language system to the other, and it can be posi-
tive or negative. Positive transfer is when a learner 
can rely on knowledge gained in the L1 to facilitate 
learning or processing of the L2. For example, a native 
English speaker learning Spanish might make use of 
the fact that the two languages are related and there-
fore share quite a few cognates, words that are simi-
lar in form and in meaning in the two languages. So 
knowing the meaning of the word accident in English 
makes it much easier to learn that the word accidente 
in Spanish means the same thing. Positive transfer 
can operate at different linguistic levels—phonology, 
morphology, lexicon, and grammar.

Negative transfer is when knowledge from the 
L1 actually inhibits learning or correctly processing 
the L2. At the level of phonology, this manifests as 
accented speech or difficulty in perceiving novel pho-
nological distinctions in the L2. At the lexical level, 
negative transfer might occur in the case of false cog-
nates, also known as interlingual homographs. Thus, 
knowing that the word pan in English means a cook-
ing utensil might actually make it more difficult for 
learners to learn that pan in Spanish means bread. 
Negative transfer is also called interference. In the fol-
lowing three sections, effects of transfer or interfer-
ence are described in more detail for phonology, lexi-
con, and grammar. 

Phonological	Perception	and	Production
One domain in which children and adult bilinguals 
show cross-language influences is their ability to per-
ceive and produce the sounds of their two languages. 
Infants acquiring two languages most likely develop 
separate representations for the sounds of the two 
languages, but this process is influenced by the age of 
initial acquisition and also by the amount of expo-
sure to each language. For learners exposed to an L2 
later in life, there are significant influences from the 
L1. Learners often find it difficult to precisely per-
ceive novel sound distinctions that do not exist in 
their native language. Similarly, L2 learners are not 
always able to produce the sounds of the language in 
the same manner that native speakers do, which leads 
to accented speech. In language production, there are 
two types of situations that lead to divergence in pro-
nunciation. The first is when the L2 contains a sound 
that the L1 does not. For example, native speakers of 
Hebrew learning English often have difficulty pro-
ducing the th sound, because it does not exist in their 
native language. In such cases, the new sound is often 

pronounced as a sound that the speaker is familiar 
with, in this case as /d/ or /t/ for the voiced onset of 
the and /f/ or /s/ for the unvoiced onset of thin. The 
second situation is when there are novel phonologi-
cal distinctions in the L2. The best-known example 
for this is the difficulty of native Japanese speakers to 
produce l and r sounds in English because Japanese 
has only a single sound covering this range. 

Lexicon,	Syntax,	and	Morphology
Bilinguals and second-language learners occasionally 
make word choices that diverge from those of mono-
lingual native speakers due to influences from the 
other language that they know. Cross-language influ-
ence might also shape the perceptions of bilinguals 
regarding relations among words in the language. To 
illustrate, a study investigating Hebrew–English bilin-
guals found that word pairs in English that shared a 
single translation in Hebrew (e.g., objection and resis-
tance are both translated as hitnagdut) were rated as 
more similar in meaning by bilinguals than by mono-
lingual English speakers. Interestingly, the magnitude 
of this effect was the same for native Hebrew speak-
ers who had learned English as an L2 (demonstrat-
ing influence from the L1 to the L2) and for native 
English speakers who had immigrated to Israel and 
learned Hebrew later in life (demonstrating influence 
from the L2 on the L1). Similar effects have also been 
demonstrated for Chinese–English bilinguals, whose 
brain potentials revealed links between English words 
whose translations share a character in Chinese. 

Cross-language influences have also been described 
in the domain of grammar and syntax. Many lan-
guages assign grammatical gender to inanimate 
nouns, a domain which has proved notoriously dif-
ficult for second-language learners to master to high 
degrees of accuracy. For example, nouns in German 
can be assigned one of three genders (feminine, mas-
culine, or neuter), and nouns in Dutch can be assigned 
one of two genders (common or neuter). Many nouns 
are compatible in their gender assignment across the 
two languages, which could facilitate learning due to 
positive transfer. However, some nouns are incompat-
ible in that they are assigned one gender in German 
but a different gender in Dutch. For example the Ger-
man word for bike (fahrrad) is neuter, but the Dutch 
word for bike (fiets) is common, resulting in a mis-
match. A study reported by Kristin Lemhöfer and col-
leagues investigated native speakers of German learn-
ing Dutch as a second language and found that indeed 
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they made many errors in gender assignment of such 
words in Dutch, showing a strong influence from the 
gender of the word in their native language, German. 
This tendency was especially strong when the words 
in the two languages were cognates, such as auto 
(which means car in German and in Dutch but is of 
neuter gender in the former and common gender in 
the latter). Encouragingly, when participants within 
this study were given corrective feedback, significant 
learning occurred, and they were able to increase their 
accuracy in assigning the correct gender in Dutch, 
their L2, and to overcome the interference from Ger-
man, their L1. Alas, none of the learners achieved 
perfect performance following feedback, and many 
continued to exhibit rather high error rates, attesting 
to the powerful influence of L1 in learning a difficult 
new morphosyntactic mapping in the L2.

Interestingly syntactic influences in the oppo-
site direction, namely from L2 to L1, have also been 
reported, for example, in a study by Paola Dussias 
examining the syntactic preferences of bilingual 
speakers of Spanish and English. The study capital-
ized on the fact that native speakers of Spanish and 
English differ in the way they process sentences of the 
type An armed robber shot the sister of the actor who 
was on the balcony, in which the relative clause who 
was on the balcony is temporarily ambiguous because 
it can describe either the actor or his sister. English 
monolinguals normally adopt the first interpreta-
tion, understanding that the actor was on the balcony, 
whereas when Spanish-speaking monolinguals read a 
Spanish translation of such a sentence, they are most 
likely to conclude that it was the sister who was on the 
balcony. In an experiment, the performance of mono-
linguals and bilinguals was monitored while they read 
sentences including temporarily ambiguous relative 
clauses in Spanish. The results showed that monolin-
gual Spanish speakers showed the expected bias, as did 
highly proficient Spanish–English bilinguals who had 
only limited experience of immersion in an English-
speaking environment. Crucially, a second group of 
Spanish–English bilinguals who were matched in 
proficiency to the first bilingual group, but had spent 
extensive periods immersed in an English-speaking 
environment, showed the opposite pattern, which 
usually characterizes monolinguals reading in English, 
even though they were processing sentences in Span-
ish, their native and dominant L1. These findings are 
interpreted as reflecting influence from the syntactic 
preferences of an extensively used L2 on the processing 

of L1 sentences and again attest to the multilevel inter-
actions between the languages of bilinguals. 

Conclusion
The evidence presented above leads to the inevitable 
conclusion that the languages of bilinguals are indel-
ibly intertwined with each other. Therefore, an increas-
ingly central undertaking in the research of bilingual 
language processing and second language learning is 
to achieve a better and more detailed understanding 
of the particulars of these cross-language interactions. 
Further complicating this endeavor is that specific 
forms of such interactions are most likely influenced 
by a multitude of factors including age of acquisition 
of each language, the relative proficiency of the speaker, 
how much and in what manner each language is used, 
and the phonological, structural, and typological struc-
ture of the languages. Although much is still unknown, 
several themes emerge as deserving of future research.

First, a main tension that has to be explained in 
order to understand language processing in bilinguals 
is how the system responds to the pressures of parsi-
mony to avoid redundant representations while at the 
same time allowing bilinguals the functional flexibil-
ity to either communicate in only one language or to 
mix and switch languages at will.

Second, although transfer, interference, and cross-
language influence seem ubiquitous across many 
levels of representation and processing, the current 
state of knowledge mostly does not allow one to 
distinguish between two routes in which such influ-
ences could be realized. The first might be termed 
structural-representational influence, which would be 
expressed in the divergence of the linguistic knowl-
edge of a bilingual speaker in either or both languages 
from that of monolingual speakers of the language. 
The second route calls on more dynamic online influ-
ences that are the result of activation of the two lan-
guage systems in real time as processing is unfolding, 
thus resulting in influences from one system to the 
other. These possibilities are difficult to tease apart, 
are not mutually exclusive, and most likely operate 
in concert. However, a full understanding of bilin-
gual language representation should have the goal of 
developing experimental methods that would enable 
a more detailed description of these two routes.

Finally, one of the hallmarks of increasing bilin-
gual proficiency is the ability to overcome interference 
from the nonrelevant language, a finding that has been 
linked to cognitive control abilities more generally. In 
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this domain as well, more research is still necessary to 
understand whether the language system itself under-
goes restructuring and tuning to allow better cross-lan-
guage interactions or whether a component of increas-
ing proficiency includes recruiting other cognitive and 
brain systems for managing the interference arising 
within the language system. 

Bilingualism is increasingly prevalent in the mod-
ern world, and bilinguals are fundamentally differ-
ent from monolinguals. The complex interactions 
between the two language systems of bilinguals are 
one of the central causes of this difference and as such 
will most likely continue to receive much attention 
from researchers, practitioners, and educators. 

Anat Prior
University of Haifa
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Brown,	Roger
Roger Brown was a major founding figure of modern 
studies in language development. He made central, 
methodological, and empirical contributions to the 
field. His work also featured lucid and impartial think-
ing about development, conveyed with unexcelled skill 
as a writer. He was a dominant figure in the field for two 
decades from the late 1950s through the mid-1970s.

When Brown entered the study of psycholinguistics, 
Noam Chomsky’s work in transformational grammar 
and his nativist arguments had not yet revolutionized 
the field and made acquisition its central problem. But, 
American psychologists had in the early 1950s discov-
ered that American pre-Chomskyan structural lin-
guists, though thinking of themselves as methodologi-
cal behaviorists, in fact produced analyses that entailed 
the use of general abstract categories like noun, noun 
phrase, and embedded sentence; this meant their 
descriptions employed general rules contrary to the 
behaviorist prescription that only specific stimulus–
response connections are learned. Brown translated this 
insight into the first study that used nonsense words to 
test children’s generalized grammatical knowledge.  

He demonstrated that, shown a picture of some-
one carrying out a novel activity on unidentified sub-
stances, children would understand a never-before 
heard word like sib to mean either an action or a sub-
stance depending on its grammatical use (e.g., Here 
you can see someone sibbing keys an actional meaning 
because sib is used as a verb). Brown’s study of how 
syntactic use can cue semantic analysis was founda-
tional for the series of studies by Lila Gleitman and her 
colleagues on children’s use of syntactic information 
to analyze lexical meaning. His doctoral student Jean 
Berko then used this new methodology to demon-
strate children’s generalized morphological knowledge 
in her famous wug studies.

Central	Methodological	Contributions		
in	Grammatical	Acquisition
By the late 1950s, following Chomsky’s linguistic 
revolution and arguments for nativism, grammati-
cal acquisition had become Brown’s central focus. 
With a group of graduate student colleagues that 
included Ursula Bellugi, Colin Fraser, and Dan Slobin, 
he designed the intensive longitudinal study of three 
subjects, called Adam, Eve, and Sarah in the literature, 
that became a landmark study in the field. At this time, 
American studies of language development comprised 
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age-graded, brief cross-sectional observations. Euro-
pean diary studies of individual subjects existed but 
were anecdotal and unsystematic. Brown’s new stud-
ies combined American systematicity with European 
diary-intensive individual investigation. Over a long 
period of time, each child was sampled regularly, with 
two-hour samples every week for Adam and Eve and 
half-hour samples every week for Sarah (who was pro-
gressing more slowly). This new method of intensive 
longitudinal studies of individual subjects became a 
staple method of language study. 

Brown and his colleagues also argued (correctly) 
that age is a very poor measure of a child’s grammatical 
progress because of the very great variation in individ-
ual rates. Eve, for example, had acquired grammatical 
competence by age 2 that Sarah did not acquire until 
age 4, yet both were normally developing children. 
Brown supported using a revision of older methods, 
the Mean Length of Utterance (MLU) in morphemes 
of a child’s utterances. “Morpheme” = minimal sound 
sequence that has a meaning; for example, the utter-
ance See dogs has two words but three morphemes 
(see+dog+s). As a child’s grammar progresses, MLU 
generally increases until it reaches 4.0, at which point 
new acquisitions do not increase MLU. Using MLU 
or another competence measure instead of age has 
become a widely adopted measure of the field.

These early years also saw the group introducing 
new experimental methods for the study of grammati-
cal competence in imitation, production, and compre-
hension. The methods introduced in their initial study 
provided models for many further studies in the field 
and have also served as assessment tools for clinicians.

Central	Empirical	Results	and	Discussions
Over the next years, Brown’s group reported a good 
deal of research based on the study of Adam, Eve, and 
Sarah; these studies form part of the basic acquisitional 
literature for English. One of their central results con-
cerned parental feedback to children’s speech. Brown 
and Camille Hanlon in particular found that, contrary 
to common belief, parents did not reward children’s 
more grammatical utterances with responses like that’s 
right or yes or punish ungrammatical utterances with 
responses like that’s wrong or no. They responded to 
whether the utterance was factually true, not whether 
it was grammatically correct. Nor was parental com-
prehension of grammatical utterances better than their 
comprehension of ungrammatical utterances. This 
result, originally aimed at the question of whether 

children progress in grammar because of parental pres-
sure, later became a central result in the question of 
whether children receive any useful information about 
the grammaticality of their utterances.

Most of Brown’s work, however, centered on map-
ping the general course of grammatical acquisition. 
Brown had early on divided acquisition into five stages 
defined by MLU: Stage I = 1.75, II = 2.25, III = 2.75, IV 
= 3.5, V = 4.0. These five MLU points, chosen initially 
for descriptive convenience, each turned out to cor-
respond to important general developments in chil-
dren’s competence. At Stage I, children’s grammatical 
utterances consist mostly of high-stress, informative 
words, for example, get ball, I sing, no sock, or find my 
car. Morphological inflectional word endings like plu-
ral –s (e.g., dog-s) or past –ed (e.g., push-ed) are largely 
absent, as are common, unstressed words like a and 
the or is and are. Around Stage II, many of the frequent 
morphological inflections or common words missing 
in Stage I begin to appear. Textbook accounts often give 
the impression that these missing morphemes actually 
come to be supplied reliably in Stage II, but this is not 
so. For each morpheme, there is a long period stretch-
ing for months or years over which it appears more 
and more consistently before usage becomes stable.

In Stage III, many central morphemes of the English 
auxiliary verb and copula systems that are central for 
interrogation and negation begin to appear, such as can 
and will and is and are. Again, achievement of full and 
stable use requires months to years after initial appear-
ances. At Stage IV, full, embedded sentences (e.g., he 
will come in I think he will come) begin productive use. 
Finally, Stage V sees productive uses of sentential and 
phrasal conjunction (e.g., She cooked the rice, and I ate 
it and I saw trees and bushes there). This broad outline 
of normal English acquisition has held up well.

Brown’s intended magnum opus summarizing 
central developments was a planned two-volume 
work called A First Language. He wrote only the first 
of these volumes, A First Language: The Early Stages, 
in which he wrote about Stage I and II developments; 
this volume is an acknowledged classic of the psychol-
ogy literature. The field had by then researched and 
argued a good deal about the appropriate analysis 
of children’s (Stage I) early combinations; Brown’s 
masterful discussion exposited and evaluated extant 
approaches and concluded that children drew from a 
small set of semantic relations such as agent–action 
(e.g., mommy walk) and possession (e.g., my sock) to 
control early grammatical combinations.
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Brown’s Stage II topic was the acquisition of what he 
called the 14 morphemes, frequently used morphemes 
like in, on, a, the, is, are, progressive –ing, noun plural 
–s, noun possessive –s, past tense –ed, and other highly 
frequent common morphemes of English. These mor-
phemes all share a basic methodological characteristic: 
One can judge whether or not they are required in a 
sentence and speech context. For example, if a child 
says, Dog bark after a dog has barked, one could score 
bark as missing the obligatory past tense ending mor-
pheme –ed. Because of each morpheme’s high required 
frequency of use in ordinary speech, one could then 
give each morpheme a meaningful score from 0.0 to 
1.0 occurrence in each speech sample to plot its use. 
As discussed above, children’s usage improves gradu-
ally, often over months or years. Brown proposed that, 
when a morpheme is used 90 percent of the time when 
required in three consecutive speech samples, one can 
be certain it is stably acquired.

Scoring Adam, Eve, and Sarah’s speech samples, he 
found that there was a surprisingly consistent overall 
order of stable acquisition among the three children. 
Progressive –ing, for example, is acquired quite early, 
while the articles a and the are acquired relatively late. 
This result of a stable acquisitional order has been veri-
fied by other investigators. Surprisingly, Brown showed 
the relative frequency in the input of the morphemes 
did not account for the obtained acquisitional order. 
Brown showed that either grammatical or semantic 
cumulative complexity could explain a good deal of the 
obtained orders. His discovery of this consistent order 
not dependent on frequency and his analytic propos-
als about cumulative complexity remain as empirical 
and analytic landmarks of the field. Brown’s interest 
in cumulative complexity as a predictor of acquisi-
tional order was part of a more general goal he shared 
with his psycholinguist colleague George Miller. Both 
psychologists were interested in finding clear empiri-
cal evidence for or against the psychological reality of 
the grammars then proposed by linguists. Cumulative 
derivational complexity means that, if a grammatical 
construction A requires all the syntactic operations 
required by another construction B, plus at least one 
more, A is cumulatively more derivationally complex. 

For example, noun plural –s requires fewer opera-
tions than third person present tense –s. To use –s in 
a plural noun like dogs requires encoding the number 
of the noun; to use –s in a phrase like the dog barks 
requires encoding the number of the subject noun, 
plus the person of the subject noun, plus the tense of 

the verb.  So, it is cumulatively more complex than 
simple noun plurality. Cumulative semantic com-
plexity means that one morpheme has all the mean-
ings contained by another and more besides. Brown 
and Hanlon found that cumulative grammatical or 
semantic complexity both predicted acquisition for 
the auxiliary-verb-centered interrogation and nega-
tion systems of English; Brown’s finding for the 14 
morphemes complemented this result. 

In the end, however, Brown’s program of using 
grammatical derivational complexity to predict 
acquisitional order was not a successful one. Aside 
from later empirical setbacks, probably the main 
obstacle was that linguists’ proposals changed radi-
cally over the next decades, and furthermore, they 
produced different kinds of analyses; as a result, they 
found that the concept of a sentence derivation in 
terms of number of transformations either did not 
stay constant or in fact ceased to make clear sense 
in some descriptions. It is no longer a goal of psy-
cholinguists to find straightforward quantitative 
approaches to judging psychological reality of gram-
mars in the ways Brown and Miller hoped.

More generally, most of the issues and questions 
that Brown studied over his career are still open: 
the early confidence in the existence of grammati-
cal rules evident in Brown and Berko’s early work 
is replaced by continuing debate over whether rules 
exist. Other explanations, such as differences of short-
term memory demands during sentence production, 
can be found for the acquisitional sequences Brown 
uncovered or discussed. Parental input and its role 
remain an unsettled question. Brown’s methodologi-
cal contributions, however, have remained permanent 
foundations in the field. Many of his central empirical 
findings have remained valid and still count as major 
landmarks for their topics. Finally, the lucidity, integ-
rity, and fairness of his analyses and writing provide a 
model of scientific work that has rarely been matched 
and never excelled.

Michael P. Maratsos
University of Minnesota
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Bruner,	Jerome
Jerome Bruner’s contributions to the study of lan-
guage have been many and groundbreaking. His 
major contributions are reviewed here in historical 
sequence. This entry begins with his view of language 
as the culminating mode of representing the world. 
It moves to his explorations of the pragmatic aspect 
of language. These explorations begin with his for-
mulation of a social-interactive basis of language 
development. His leap into pragmatics is profoundly 
extended in his revolutionary study of narrative. This 
study itself is a broad sweep, beginning with adult 
narrative, moving to development of narrative, and 
then to uses of narrative in culture, including in law.

Bruner’s study of language is marked by two 
overarching views. One is on the power of language. 
Language serves as the basis for development itself 
and is the mightiest means for making sense of the 
world. The second mainstay of his thought is the 
advancement of the cultural basis for cognitive and 
linguistic growth.

Language	as	Symbolic	Representation
Bruner’s first major contribution to our understand-
ing of language came in 1974. He discussed the course 
of cognitive growth and its dependence, in large mea-
sure, on mastery of techniques or skills transmitted 
to us by culture. These techniques are thought to be 
amplifiers of our motor acts, our perceptions, and 

our reasoning activities. Language is chief among 
these techniques. 

Bruner distinguished three systems for our process-
ing of information and representing the environment. 
These are, in the order that they unfold in childhood, 
enactive, iconic, and symbolic representation. Each 
depends on the prior one for its development, and 
once developed, all modes remain intact throughout 
life. In enactive representation, past events are rep-
resented through appropriate motor response (e.g., 
bicycle riding represented in our muscles). Iconic rep-
resentation captures events by selective organization 
of percepts and images. Finally, a symbol system, such 
as language, represents things by design features that 
include remoteness, arbitrariness, and combinatorial 
generativity. Language is a means not just of repre-
senting reality but also of transforming it. The inter-
nalization of language is said to depend on interaction 
with others and the need to develop corresponding 
categories and transformations for communal action. 
Once the child has internalized language as a cogni-
tive instrument, it becomes possible to represent and 
systematically transform the regularities of experi-
ence with far greater flexibility and power than before.

Bruner’s account of language was markedly differ-
ent than that of other major theorists. For example, 
Jean Piaget saw abstract, logical-rational reasoning 
as the most advanced form of cognitive growth. The 
role of language, at that stage and all earlier stages of 
development, was simply as a reflection of thought.

Pragmatics	and	the	Social-Interactive	Basis		
of	Language	Acquisition
Bruner’s next major contribution in 1983 brought the 
pragmatic aspect of language and the social-interac-
tive basis for language acquisition front and center. 
The pragmatist’s emphasis on intent necessitated a 
much more active role for the adult in child language 
learning. The adult is not simply a model but a con-
senting partner willing to negotiate with the child. 
Heretofore, the study of child language had a focus 
on other dimensions, such as the acquisition of syn-
tax, thought by Noam Chomsky to be facilitated by 
biological endowment and the Language Acquisition 
Device (LAD). Another focus, heralded by L. Wong 
Fillmore, was the child’s acquisition of the meaning of 
language (semantics), thought to be greatly facilitated 
by the child’s conceptual understanding of the world.

On Bruner’s approach, the adult must be engaged 
in arranging early speech interaction into routinized 
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formats so that the child can comprehend meaning. 
These adult–child routines constituted what Bruner 
termed the Language Acquisition Support System 
(LASS). The LASS helped assure continuity between 
prelinguistic and linguistic communication in four 
ways. The concentration on the familiar in the trans-
actional routines allows the adult to highlight those 
features of the world already salient to the child 
and that have a basic grammatical form. Adults also 
encourage and model linguistic substitutes for famil-
iar gestural and vocal means for realizing communi-
cative functions. Third, these formats are made up of 
stipulative events that are (re)created by language on 
demand. Finally, many psychological and linguistic 
processes at play in formats, such as naming, can gen-
eralize from one format (e.g., indicating) to another 
(e.g., requesting).

Bruner studied the LASS in two longitudinal case 
studies (5–24 months, 3–18 months) of middle-class 
children interacting with their mothers. Formats stud-
ied when the children were at their youngest included 
those focused on the appearance and disappearance 
of objects (e.g., peekaboo) and management of joint 
attention. These early games are constituted by lan-
guage. They also entail another design feature of lan-
guage—assignment of turn-taking roles, such as hider 
and hidden, that are interchangeable. The meaning of 
any act is based on where it occurs in the sequence 
and by whom it is done. These games were described 
by Bruner as protoconversations.

As the children developed, formats on the mas-
tery of request and reference were examined. The lat-
ter was studied in the book-reading format, wherein 
the mother’s utterances were constrained mainly to 
four types. These unfolded in a stable sequence: the 
attentional vocative (e.g., Look), the query (e.g., What’s 
that?), the label (e.g., It’s an _____), and the feedback 
utterance (e.g., yes). The child’s language grows within 
these linguistic routines. Hence, in the reference for-
mat, the child moves from nonsymbolic utterances to 
eventually differentially providing labels in response to 
the query. As such, the child is responding to the moth-
er’s intent in asking the question. The Brunerian con-
cept of scaffolding, introduced by D. J. Wood, Bruner, 
and G. Ross, plays a critical role in these formats. For 
example, the mother established a placeholder with 
the query into which more symbolic utterances can be 
later substituted. Once the child achieves the symbolic 
response, the mother prevents backsliding by ratchet-
ing up and accepting only the symbolic response.

Narrative	Thought	and	Language
Bruner’s emphasis on pragmatics was extended, in 
1986, in a profound way that forged a new area of 
study in language and cognition. That area is narra-
tive. Bruner pioneered narrative thinking as one of 
two modes of cognitive functioning that order expe-
rience and construct reality. The narrative mode deals 
in human intention and action and in the vicissitudes 
and consequences that mark their course. It strives 
to locate experience in time and place. The imagina-
tive application of the narrative mode leads to good 
stories, engaging drama, and plausible historical 
accounts. Autobiography would certainly be a major 
narrative form. Narrative thought is contrasted with 
the paradigmatic mode, which transcends the par-
ticular in moving toward increasingly more abstract, 
logical, mathematical reasoning. Its products are cat-
egories, logic, mathematics, and science.

Bruner defines the hallmark features of narrative, 
bringing to bear a sweep of literary theory. Story has 
a dual landscape and occurs on two planes—action 
and consciousness—as discussed by A. J. Greimas and 
J. Courtes. The landscape of action consists roughly in 
what can be called story grammar, or the pentadic ele-
ments. These elements, defined by K. Burke, include 
the arguments of action, agent, intention or goal, 
situation, and instrument. Noncanonicality, a breach 
or imbalance among the elements, makes for a good 
story according to Burke. Also constitutive of story are 
its fabula and sjuzet, as noted by the Russian formalist, 
V. Propp. Fabula refers to the timeless themes of story, 
such as lost love or the tragedy of war. Sjuzet refers to 
the sequencing of the theme into plot. The landscape 
of consciousness subjectifies story action; it reveals the 
thoughts, feelings, and knowledge of those involved in 
the action. Bruner relies on linguistic transformations 
described by Todorov as one major mechanism by 
which subjectification is achieved; these transform the 
action of a verb from being a fait accompli to being a 
psychological process. For example, instead of a straight 
declaration of action (e.g., he committed a crime), one 
can subjectify the action by embedding it in intention 
(e.g., he plans or hopes to commit a crime).

Bruner began his empirical study of narrative by 
exploring the subjectivity of story, comparing the use 
of Todorovian linguistic transformations across nar-
rative (“Clay” in James Joyce’s Dubliners) and exposi-
tory writing (an exemplary ethnographic account by 
Martha Weigel of Penitente blood brotherhood). The 
narrative account vastly outstrips expositional writing 
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with regard to the presence of transformations, hence 
subjectivity. In a second research line, readers were 
asked to tell back each of these works in their own 
words. The tell back of “Clay” was much longer and 
contained many more transformations than that of 
the expositional account. Also explored by Bruner is 
the leap, in narrative history, from the folktale to the 
psychological novel. He sees this as the point where 
the engine of action comes to reside in the characters 
instead of the plot. Bruner discusses character not as a 
bundle of autonomous traits but as an organized con-
ception, a gestalt. In a variant of earlier experimental 
work, Bruner and colleagues asked college students 
to describe an imaginary person based on a short list 
of consistent traits (e.g., spiritual, introverted, and 
religious). This led to trait-like descriptions (e.g., a 
saintly kind of person). Then, inconsistent traits were 
added to the list (e.g., practical and money-minded). 
This led to contextually and subjectively laden charac-
ter descriptions. Such inseparability of character, set-
ting, and action is emblematic of narrative thought.

The	Development	of	Narrative	in	Children
Bruner’s study of narrative was extended, by Bruner 
and J. Lucariello in 1989, to its development in chil-
dren. The bedtime monologues of one 2-year old 
child, Emily (Emmy), were studied. Talk episodes 
about events in which Emmy had expected or wanted 
to participate were identified. Episodes referred to 
single acts (her father eating dessert) or thematically 
connected acts (getting dressed) and occurred within 
bouts of talk marked by initial and terminal pauses of 
longer than five seconds. The early period of observa-
tion ran from 22 to 23 months (18 episodes) and the 
later period from 28 to 33 months (17 episodes). Epi-
sodes were analyzed for Emmy’s subjective marking of 
activity, including markings for sequence, intention-
ality, and perspective. The key developmental finding 
was Emily’s increase in use and variety of subjectivity 
markers from the early to later periods. In addition, 
episodes were coded as either tense-marked events 
(future or past events such as On Sunday, we got up 
late) or nontense marked or timeless present events 
(On Sundays, we get up late) that harken to the Rus-
sian formalist notion of a timeless fabula and a more 
mature narrative form. The timeless events showed 
much more marking; timeless gist is combined with 
narrative markers that elaborate on action and place it 
in a subjective context. Hence, these elements of good 
story were found in a child younger than 3 years of age.

Discovering good narrative in such a young child led 
to the question of whether children have some readiness 
for narrative—a question addressed by Bruner in 1990. 
He proposed a prelinguistic readiness for meaning and 
reasoned that children come into the world equipped 
with a primitive form of social meaning readiness, a 
folk psychology or theory of mind. Narrative structure 
is said to inhere in the praxis of social interaction prior 
to its linguistic expression. Pressing this claim even 
further, Bruner argues that it is the push to construct 
narrative that determines the order of priority in which 
grammatical forms are mastered. Bruner notes that this 
innate and primitive disposition to narrative organiza-
tion affords our quick and easy use of it. As evidence, he 
cites the Emmy study but also other striking research 
on young children’s proclivity with narrative, such as 
that by Lucariello and by P. Miller. 

Ever the voice for the influence of culture on devel-
opment, however, Bruner notes that our biological 
readiness for narrative does not preclude the role of 
culture in equipping us with new powers of narration 
through traditions of storytelling and interpretation. 
He describes aspects of the socialization of the child’s 
latter narrative practices in terms of the uses, praxis, 
for which children launch into narrative. Coming 
first is grasping the commonplace of family drama, 
as noted by J. Dunn. Children also use narrative early 
to problem solve, as described by C. Feldman. Bruner 
concludes that the most fundamental use of narrative 
is to construct meaning, to explicate. Narrative makes 
happenings comprehensible against the ordinariness 
of the basic state of life. To be in a viable culture, says 
Bruner, is to be bound in a set of connecting stories. 

The	Use	of	Narrative	in	Law:	Law	Stories
In a striking advance of narrative theory, Bruner in 
2002 examined narrative in the context of the law 
and the use of stories in the courtroom. The unique 
features of law stories include consequentiality as the 
parties involved must have standing and be directly 
affected by the outcome. Moreover, law stories are 
adversarial, being told in a court about some action 
that either did damage to an accuser or is in alleged 
violation of a statute. The story of the other party tries 
to rebut the accusation by presenting another ver-
sion or story of the events. The court’s entertaining of 
opposing stories is equated with the idea of “having 
your day in court.” Law stories also have a rhetorical 
aim. Attorneys sum up the whole story in their closing 
arguments. Moreover, law stories are open to suspicion. 
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Because rhetorical aim can influence final judgment, 
law stories are distrusted by the parties facing off and 
also by those who must judge between them. Legal sto-
ries are, moreover, modeled on past cases (precedent). 
They strive to make the world self-evident, a contin-
ued story that inherits a legitimized past. 

A culture’s narrative dialectic obtains between law 
stories and literary stories. The narrative form keeps 
perennially in play the uneasy alliance between the 
historically established (law story) and the imagi-
natively possible (literary story). Bruner character-
izes each story type as half a loaf. The literary story 
errs toward the possible, the fantastic, by rendering 
the familiar alien. It distorts our expectations of the 
familiar, thereby making imagined deviations plau-
sible. Law stories err toward the actual, the literal, and 
the record of the past. The use of recognizable, gar-
den-variety narrative is part of what gives legitimacy 
to the law. Such use of stories provides assurance that 
the law belongs to the people. Narrative pleadings are, 
according to Bruner, the commonsense of justice.

Joan M. Lucariello
City University of New York
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Category-Based	Induction
Induction refers to a mode of thinking in which a pre-
diction is made on the basis of one or more observa-
tions. For example, a child might predict that a just-
encountered cat will meow because the child observed 
other cats meowing. However, predictions based on 
a limited number of observations are fundamentally 
indeterminate. Is it possible that some, but not all, 
cats meow? Is it possible that all mammals or even 
all animals meow? To address these difficulties, in the 
1950s and 1960s, mathematicians and logicians devel-
oped optimal ways of making such predictions that 
are based on assumptions about how previous exam-
ples were sampled, what the underlying statistical dis-
tribution might be, and the Bayes theorem. While it 
is unlikely that children engage in such sophisticated 
calculations, they do make inductive inferences. On 
what aspects of encountered information do they rely 
to make such inferences? A number of answers to this 
question have been offered.

Some believe that children’s inferences are based 
on calculations of similarity. Although it is not 
known precisely what goes into such calculations, it 
has been suggested that common visual and auditory 
features increase similarity, whereas distinct features 
decrease similarity. For instance, the cats that one 
encountered in the past may have the same shape 
as the newly encountered cat (i.e., the objects have 
similar visual features), and they may meow (i.e., 

the objects have similar auditory features). In con-
trast, the newly encountered cat is different in visual 
as well as auditory features from dogs. Once simi-
larity is calculated, a child needs to decide whether 
similarity is sufficient to warrant an inference. If the 
decision criterion is too conservative, properties are 
generalized to only identical items. If the criterion 
is too liberal, properties are generalized to almost 
everything. In both cases, induction would be of 
little use, so the criterion should be somewhere in 
between. Alas, at the moment, it is not known how 
children set such decision criteria.

Others believe that children’s inferences are based 
on determining the most specific category that is 
common for all the observed items. For example, the 
most specific category for all mewing animals may 
be cat, but if cats and dolphins were encountered 
(however unlikely that might be), the most specific 
category would be mammal. Although this kind of 
inference can be built on prior knowledge and thus 
obviates the need for a decision criterion, a num-
ber of issues remain unresolved under this theoreti-
cal proposal. First, children make inductive infer-
ences well before they have knowledge of categories. 
Second, determining the most specific category is 
an inductive inference in itself. Indeed, the several 
encountered cats could represent all cats, only cats 
encountered in a particular place, only cats of a par-
ticular color, and so on. So, the problem of induction 
repeats itself.

C



Studies	Using	Animal	Categories
The vast majority of studies of inductive reasoning 
have been done using animal categories. A typical 
procedure for assessing inductive inference in adults 
consists of presenting a participant with a verbal argu-
ment in which known items are attributed a novel 
(often pseudobiological) property. Participants are 
then asked to generalize the new property to another 
item or to evaluate the strength of a conclusion. Adults 
typically make inferences based on multiple sources of 
information including featural similarity and category 
knowledge. For example, if told that geese developed a 
new disease, a participant may be more willing to con-
clude that ducks rather than sparrows have the new 
disease because ducks share more features with geese 
than sparrows. Category knowledge is not required 
to estimate featural overlap among items: One does 
not need to know that geese and ducks belong to the 
category birds, and one does not need to know what 
other species also belong to this category (e.g., robins, 
eagles, owls, etc.). At the same time, if told that robins 
have a novel disease, adults are more likely to conclude 
that other bird species also have the disease than if told 
that ostriches have the disease. This effect is commonly 
attributed to the fact that robins are more typical birds 
than ostriches (in the continental United States, where 
many of these studies were conducted). Category 
information is assumed to underlie typicality effects 
because typicality can be established only with regard 
to the whole category.

There is a large body of evidence documenting 
that inductive inferences are ubiquitous in both 
human and animal cognition, but only humans are 
credited with the ability to perform category-based 
induction. The origins and developmental course 
of this ability remain hotly debated by researchers. 
Early studies on this topic favored the possibility that 
propensity toward category-based induction is a so-
called conceptual primitive—an ability that does not 
result from learning. Several researchers also pro-
posed that, starting in early infancy, children hold 
the assumption that words refer to kinds. Therefore, 
when category information is communicated by 
words (especially by count nouns), children spon-
taneously make category-based inferences. Further-
more, it was proposed that children view category 
information as central and perceptual information 
as peripheral when making inductive inferences. 
Consequently, when these two sources of informa-
tion are in conflict, it was argued that children largely 

disregard perceptual information and rely on their 
category knowledge. More recently, researchers have 
argued for a privileged status of generics, statements 
that do not formally refer to an entire category, yet 
people interpret them as if they do. For example, 
a generic statement Cats meow is equivalent to the 
statement Some cats meow, yet people interpret it as 
a more universal statement: All cats meow. There are 
a number of findings demonstrating the prevalence 
of generic statements in child-directed speech, chil-
dren’s preference for generics, and better memory 
for generic statements than for other kinds of state-
ments. Propensity to interpret generics as referring 
to kinds (which they formally do not) and children’s 
preference for generics over other kinds of state-
ments have been interpreted as children having a 
preference for category information. 

Development	of	Category-Based	Inference
Despite its appeal, the idea that children’s inductive 
inference is category based has been challenged. First, 
a simple mathematical model that considers early 
inductive inference to be a function of perceptual 
similarity (and does not consider category informa-
tion at all) can account for the vast majority of find-
ings, which were initially interpreted as evidence of 
category-based inference in young children. Second, 
it has been argued that words denoting a category and 
category membership may not be the same, especially 
early in development; instead, children may interpret 
words as features of category members. However, in 
many studies, identical labels communicated cat-
egory membership. If linguistic labels are not equiva-
lent to category membership, the use of labels poses 
a problem of interpretation: An inference based 
on identical labels (e.g., from one goose to another 
goose) does not necessarily imply a category-based 
inference, just as an inference based on two identical 
pictures would not be interpreted as a category-based 
inference.

Several attempts have been made recently to 
examine the development of category-based infer-
ence while avoiding the problem, mentioned above, 
of interpretation. One line of research examines the 
relationship between the type of inference one makes 
(a similarity-based or a category-based inference) and 
one’s memory for the items experienced during the 
induction task. Participants in this induction-then-
recognition paradigm are presented with a picture of 
an animal (e.g., a cat) and told that this animal has 
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a novel pseudobiological property (e.g., beta cells 
in its blood). Participants are then asked whether 
other animals, presented one by one (e.g., different 
cats, bears, and birds) also have this property. After 
every response, participants are given feedback that 
is designed to lead them to believe that the property 
should be generalized to cats but not to other ani-
mals. After the induction part of the study, partici-
pants are given a surprise recognition memory test to 
see whether they can distinguish among the animals 
they saw during induction (e.g., previously seen cats) 
from new animals that belong to the same category 
but were not presented during induction (novel cats). 

The logic of this method rests on the assumption 
that performing category-based induction does not 
require encoding of the item-specific information 
(such as a small, short-haired grey cat with white 
spots): It is sufficient to know whether the animal is 
a cat or not. If one does not encode the information 
that is not required to make the inference, one should 
have difficulty distinguishing previously seen cats 
from novel cats during the memory test. In contrast, 
performing a similarity-based inference should lead 
one to encode item-specific information and thus 
perform well on the surprise memory test. 

Studies using this method showed that adults are 
surprisingly poor at distinguishing previously seen 
cats from novel cats after making inductive infer-
ences—a task that adults find trivially easy if, instead 
of induction, they perform a task that does not 
require one to categorize stimuli (such as estimating 
whether each animal is young or mature). Preschool-
ers, on the other hand, can distinguish previously seen 
cats from novel cats after making inductive inferences 
with the same level of accuracy as after performing 
an age estimation task. Findings of these studies sug-
gest a gradual age-related increase in the propensity 
to spontaneously engage in category-based induction. 
However, several researchers have suggested a pos-
sibility that children in the induction-then-recogni-
tion paradigm make category-based inferences but 
in addition encode item-specific information, which 
allows them to perform well on the surprise memory 
test. This debate is currently ongoing.

Another line of research relies on using artificial 
natural kind-like stimuli to examine the develop-
ment of category-based induction. In these studies, 
participants are presented with novel objects sam-
pled from two different categories. Participants are 
taught to categorize these novel items until they do 

so with high accuracy. Then, participants are given a 
property induction task. After performing induction, 
participants are given the categorization task again to 
ensure that they did not forget to which categories 
the items belong. Findings from this line of research 
show that adults rely predominantly on the category 
information to make inferences, whereas preschool-
ers rely predominantly on the overall perceptual 
similarity—despite being able to categorize the novel 
entities with high accuracy both before and after the 
induction task.

Another way to bypass relying on identical labels 
to communicate category information is by using 
semantically related labels (such as mouse–rat or alli-
gator–crocodile). When objects referred to by these 
words are not depicted (but are described as being 
hidden), the only source of information available to 
participants for making inferences is category infor-
mation conveyed through semantically related labels. 
Findings from these studies suggest that preschool-
age children are unlikely to use the semantic similarity 
of familiar labels to make inductive inferences, with 
the proportion of children spontaneously engaging in 
such inferences increasing gradually between 4 and 7 
years of age.

Conclusion
Overall, some studies suggest a gradual development 
of category-based induction during the preschool 
and early school years. At the same time, other studies 
point to an early onset of category-based induction. 
Therefore, the origins of category-based inference 
remain an open question. Is category-based infer-
ence an innate bias or a product of development, and 
if the latter, what develops? Even those who advocate 
the idea of development agree that the sources of this 
developmental change are not fully understood yet. 
Currently, researchers are exploring the contribu-
tions of the development of domain knowledge and 
general cognitive abilities (such as working memory 
and inhibitory control) to the development of spon-
taneous category-based induction.

Vladimir M. Sloutsky
Ohio State University

Anna V. Fisher
Carnegie Mellon University 
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Learning; Generics; Induction in Language Learning; 
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Child	Language	Data	
Exchange	System
The Child Language Data Exchange System (CHIL-
DES) was founded in 1984 by Brian MacWhinney 
(Carnegie Mellon University) and Catherine Snow 
(Harvard University) as an effort to bring together 
child language corpora and to make them publicly 
available for researchers. Since its inception, CHIL-
DES has developed into a rich archive of corpora with 
speech data of many children and their interlocutors. 
Most corpora are available as written transcripts, but 
for a growing number of them, the audio or video 
recordings are also available. All the speech materials 
have been transcribed and coded in a uniform way, 
using specialized conventions (CHAT), and various 
software tools (e.g., CLAN) have been developed to 
assist the researcher in transcribing, coding, and ana-
lyzing data. In the last 30 years, CHILDES has become 
well known in the research community, and its 
resources are frequently used, judging from the more 
than 6,000 published articles based in whole or part 
on the use of CHILDES data. The CHILDES corpora 

and tools, as well as the documentation manuals, are 
freely available through the Internet (http://childes 
.psy.cmu. edu/) for child language researchers.

Two elements are quintessential in appreciat-
ing and evaluating CHILDES. First of all, CHILDES 
functions as a repository. The corpora archived are 
donated by individual researchers and research 
groups. Hence, they are not the result of a coordi-
nated effort but are the product of past and present 
research projects from all over the world, each with 
its own aims and scope. This explains, for instance, 
differences in the amount of data among corpora. 
Second, for a repository, a technical infrastructure 
is required to make the archive publicly available, 
to secure a standard format for all the corpora, to 
keep the data compatible with evolving international 
standards for corpus transcription and annotation, 
but also to keep the infrastructure in line with con-
tinuous developments in the world of computers 
and custom electronics. For instance, the computa-
tional tools provided by CHILDES are developed and 
updated for different platforms (Windows, MacOS, 
and Unix), which implies that, with an upgrade of 
an operating system, the tools have to be updated 
too. The repository is reachable using different Web 
browsers (e.g., Firefox, Safari, Explorer), which all 
have their own peculiarities that have to be accom-
modated. Moreover, the CHILDES infrastructure has 
to keep pace with the continuously changing market 
of personal computers. A recent example is the intro-
duction of tablets next to desktop and laptop devices. 
All these tasks are coordinated and directed by Brian 
MacWhinney in collaboration with the programmers 
Leonid Spektor and Franklin Chen. 

The	Database:	Child	Language	Corpora
The corpora in the CHILDES database can be 
broadly divided into four main categories: (1) mono-
lingual corpora with longitudinal (and some cross- 
sectional) data from monolingual children; (2) 
bilingual corpora, with data from concurrent and 
sequential acquisition of two or more languages; (3) 
narrative corpora, a subdivision containing retell-
ings of stories, such as the often-used frog stories of 
Mercer Mayer; and (4) clinical corpora, with data 
from children with language disorders. Each corpus 
in the four subsections is documented in the data-
base manuals that can be consulted at the CHILDES 
Web site (http://childes.psy.cmu.edu/manuals). The 
documentation provides detailed metadata about the 
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participants (ages, languages spoken, setting of the 
recordings, etc.), the data files that can be consulted, 
as well as corpus-specific details with respect to tran-
scription and coding.

The CHILDES database comprises transcriptions 
of children’s and their interlocutors’ speech, derived 
from audio or video recordings of spontaneous 
adult–child interactions. Although in most corpora 
parent–child conversations in various settings were 
recorded, some corpora consist of child–child inter-
actions, and still others are classroom interactions 
between children and their (kindergarten) teachers. 
Moreover, in the clinical corpora, the conversational 
partner is sometimes a language and speech therapist.

At present, 39 languages are represented in the 
database. The following language families occur: Ger-
manic languages (Afrikaans, Danish, Dutch, English, 
German, Norwegian, and Swedish), Romance lan-
guages (Catalan, French, Italian, Portuguese, Roma-
nian, Spanish), Slavic languages (Croatian, Russian, 
Serbian, and Slovenian), Celtic languages (Irish and 
Welsh), Afroasiatic languages (Arabic, Berber, and 
Hebrew), Sino-Tibetan languages (Cantonese, Man-
darin Chinese, Taiwanese, and Thai), Altaic languages 
(Turkish, Japanese, and Korean), Dravidian languages 
(Tamil), Uralic languages (Estonian and Hungarian), 
Indo-Iranian languages (Farsi), Austronesian (Indo-
nesian), the Hellenic languages (Greek), Algonquian 
languages (Cree), and Basque. For each language, the 
number of utterances and the number of word tokens 
were counted. These counts were done separately for 
the target child (as indicated in the database manual) 
and for all nontarget participants. 

The complete CHILDES database contains as of 
May 2013 more than 13 million utterances consist-
ing of more than 50 million word tokens. The mono-
lingual corpora take up the largest part: 43 million 
word tokens in approximately 11 million utterances. 
In this group, English is best represented (18 million 
word tokens), followed by German (4.7 million), 
and French (2.7 million). It should be noted that, 
in some corpora, only the target children’s utter-
ances were transcribed, as in for instance Arabic and 
 Berber. 

The bilingual corpora consist of almost 4 mil-
lion words in approximately 1 million utterances. 
These corpora comprise the language pairs Ara-
bic–Dutch, Turkish–Dutch, Spanish–English, Rus-
sian–German, French–English, Chinese–English, 
Japanese–Danish, Russian–English, Polish–English, 

Portuguese–Swedish, English–French, Catalan–
Spanish, Italian–Dutch, Cantonese–English, and the 
triple Persian–English–Hungarian. In many cases, 
these corpora also include monolingual, age-matched 
controls.

The clinical corpora comprise almost 3 million word 
tokens. They contain data from atypically developing 
children with specific language impairment (SLI), 
Down syndrome, hearing impairment (children with 
traditional hearing aids and with cochlear implants), 
pervasive developmental disorder not otherwise speci-
fied (PDD-NOS), different levels of mental retarda-
tion, autism, epilepsy, apraxia, children who stutter, 
children exposed to cocaine in utero, and late talkers. 
The range of languages is fairly restricted: Dutch, Eng-
lish, French, German, Hebrew, and Spanish.

Finally, the narrative corpora consist of approxi-
mately 750,000 words. An interesting parallel sub-
corpus comprises the frog story narratives in which 
a particular wordless picture book, Frog, where 
are you?, is used to elicit narratives from children 
acquiring English, French, German, Hebrew, Italian, 
Russian, Spanish, Thai, and Turkish. The age ranges 
covered in the various corpora differ greatly: from 
children in the prelexical stage to adolescents. How-
ever, when charting out the various ages represented 
in CHILDES against the number of words available 
for each age, it strikes the eye that especially chil-
dren in their third and fourth year of life are well 
represented. For older children, the amount of data 
steadily decreases.

CHAT:	Transcription	and	Coding
The conventions for transcription and coding used in 
the CHILDES corpora are called CHAT, an abbrevia-
tion of Codes for the Human Analysis of Transcripts. 
CHAT provides a standardized way to organize tran-
scripts. For instance, Example 1 shows the first lines 
of a transcript taken from the CHILDES’s MacWhin-
ney corpus:

Example 1: Transcript
@Begin
@Languages: eng
@Participants: CHI Ross Target_Child , MOT 
Mary Mother
@ID: eng|macwhinney|CHI|2;7.10|male|normal||
Target_Child|||
@ID: eng|macwhinney|MOT|||||Mother|||
@Media: 21a1, audio
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@Date: 04-AUG-1980
*MOT: okay you talk to Daddy . 
*CHI: <is Daddy with you> [/] is Daddy with you? 
*MOT: you talk to Daddy on the phone . 
*MOT: no that phone .
@End

The example shows main organizational principles 
of a CHAT transcript. Metadata and data are differ-
entially marked: metadata by a header starting with 
the symbol “@.” These include a header signaling the 
beginning and the end of the transcript (@Begin and 
@End), the language(s) spoken by the participants (@
Languages), the sound file (@Media), the date of the 
recording (@Date), and so on. The actual data are on 
lines with the symbol “*” followed by a three-letter 
abbreviation of the speaker’s name (*MOT and *CHI). 
The latter are called the main tiers of the transcript, 
which contain a standardized orthographic transcrip-
tion of the recorded speech. These conventions and 
abbreviations are all clearly presented and discussed 
in the manuals that are available on the CHILDES 
Web site. All corpora in the CHILDES database pro-
vide at least information regarding the language, the 
participants, and @ID information (including the tar-
get children’s ages).

The second aim of CHAT is to provide transcribers 
with clear conventions about how to transcribe speech 
recordings. Spoken language use exhibits phenomena 
such as uncompleted words or utterances, exclama-
tions (e.g., haha!), dialectal forms and other nonstan-
dard or shortened forms (e.g., bout instead of about, 
gonna instead of going to), onomatopoeias (such as 
animal sounds), and even unidentifiable material. In 
order to transcribe these in a consistent way, CHAT 
conventions were developed. Conventions were also 
developed for the interactional dynamics such as the 
consistent marking of pauses, and the marking of 
phenomena such as (self-)interruptions, retracings, 
overlaps, and repetitions. 

In addition to the main tier, the CHAT format per-
mits the insertion of dependent tiers. These are meant 
for coding the material on the main tier. Codings can 
relate to linguistic enrichment or the explicit marking 
of extralinguistic information (such as actions, ges-
tures, and events). The linguistic enrichment of the 
transcribed speech can contain many types of infor-
mation, depending on the aims of the researcher, for 
example, phonemic transcription, morphosyntac-
tic coding, or coding of the grammatical relations or 

speech acts. As an example, a morphosyntactic coding 
of one utterance is presented in Example 2.

Example 2: Coding
*CHI: is Daddy with you ? 
%mor: cop|be&3S n:prop|Daddy prep|with 
pro|you ? 

The coding exemplified in Example 2 shows how, 
on a dependent tier, viz. %mor, the word forms in the 
main tier are analyzed in three respects: their part of 
speech is coded (cop = copula, n:prop = proper noun, 
prep = preposition, pro = pronoun), the word forms 
are lemmatized (e.g., the wordform is is a form of the 
lemma be), and the wordforms are morphologically 
decomposed (e.g., is represents the lemma be in its 
third-person singular form—3S). In the CHAT man-
ual, many levels of coding are formally defined; how-
ever, the format is flexible enough so that research-
ers can define their own coding categories. The main 
point about CHAT is that a standard is established 
and the formal requirements for transcription and 
coding are defined, so that the CHILDES programs 
(discussed in the next paragraph) can be easily used 
with transcripts that comply with the CHAT format. 
In addition, CHAT is XML compliant, which means 
that CHAT files can easily be converted to the XML 
format, which has become the standard for the repre-
sentation of documents. 

CLAN:	Software	Tools	for	Corpus	Annotation		
and	Corpus	Analysis
CLAN stands for Computerized Language ANalysis. 
It is a collection of more than 30 integrated software 
tools with diverse functionality: Some tools aid the 
researcher in the transcription process, and other 
tools perform (semi)automatic coding of transcripts. 
CLAN provides basic analytic tools for searching par-
ticular strings (e.g., words on main tiers or particular 
codes on dependent tiers) and delivers indices, such as 
a frequency list of the different words on the main tiers 
of transcript, the co-occurrence patterns of words, 
or a frequency table of parts of speech, and affixes 
for a given morphosyntactic coding on a dependent  
%mor tier. Other tools output often used indices such 
as type-token ratios, mean length of utterance (MLU), 
or VOCD, a measure of lexical diversity.

The CLAN software comes with an editor that can 
be used to transcribe recordings. In Figure 1, the editor 
is pictured. The editor window contains a fragment 
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of a transcript in the left part. At the bottom of that 
window, the sound wave is displayed, and by selecting 
part of the sound wave, the transcriber can (re)play 
the relevant part of the sound file. In the right part 
of the window, the corresponding video fragment 
is shown. Also, the transcript can be linked with the 
relevant part of the video recording, and by a simple 
mouse click, the transcriber can immediately view the 
part of the video recording he or she is transcribing. 

Of particular interest are a number of tools that 
assist the researcher by automatically producing a cod-
ing tier. The MOR tool automatically inserts a depen-
dent %mor tier (see Figure 1) in a transcript. A recent 
addition to the CLAN software involves the automatic 
insertion of a dependent tier on which dependency 
grammar tags indicate basic syntactic relations.

PHON is a recent addition to the CHILDES instru-
mentarium designed and developed by Yvan Rose and 
Greg Hedlund. PHON is especially geared toward the 
analysis of phonological data transcribed in CHAT. 
The program and the associated database support 
linkage to media files and offer automated services 
like automatic segmental feature labeling, automatic 
syllabification, automatic phone alignment, and sys-
tematic comparisons between target (model) and 
actual (produced) phonological forms.

The	Impact	of	CHILDES	on	the	Field
The CHILDES database has had an enormous impact 
on language acquisition research in the last decades 
and specifically on longitudinal studies of obser-
vational data. Various reasons can be identified for 

this crucial role. Going back to corpora collected in 
the 1960s and 1970s—like Roger Brown’s seminal 
longitudinal studies of Adam, Eve, and Sarah—chil-
dren were recorded, and these recordings were sub-
sequently transcribed. In the best case, transcriptions 
were made on a typewriter, which greatly hampered 
the large-scale distribution of transcripts, as now 
can be realized via the Internet. Moreover, the for-
mat of those transcripts differed from researcher to 
researcher. In other words, there was no standardized 
way to transcribe children’s speech and no standard-
ized way to code transcripts. The CHAT transcription 
and coding format has had a significant impact on the 
transcription and coding practices of child-language 
researchers.

Moreover, collecting and transcribing a longitudi-
nal or cross-sectional corpus is a time-consuming and 
costly enterprise. For instance, for the Spoken Dutch 
Corpus, a corpus of approximately 10 million spoken 
words collected between 2000 and 2005, the total bud-
get was 5.5 million euros (about 0.5 euro per word). 
The required time investment for an orthographic 
transcription was estimated at 1:8 to 1:40, meaning 
that one minute of recorded speech needed from 8 
to 40 minutes of actual transcription time. Thus, for 
collecting a corpus of a reasonable size, the invest-
ment of time and resources is important and largely 
transcends the possibilities of individual researchers 
or research groups. This implies that a maximal reuse 
of corpora is called for, that the public availability of 
the CHILDES corpora greatly extends the amount of 
data available to the individual researcher, and hence 

Figure	1   The CLAN editor with a transcript, sound wave, and video fragment



78 Child-Directed Speech (Effects of Variation in Quality)

that the potential empirical coverage of theories of 
language acquisition is vastly increased.

CHILDES brought together several technological 
evolutions in the 1980s and 1990s. The first of these 
was the introduction of the personal computer, which 
allowed researchers to have the data they wanted to 
use on their desktops or at their fingertips. In addi-
tion, the electronic availability of corpora permitted 
the fast and accurate analysis of growing amounts of 
data in shrinking amounts of time. Second, the use 
of the Internet made it possible to make data access 
almost instantaneous: The CHILDES corpora and 
media can be downloaded, even browsed and ana-
lyzed, directly over the Internet.

Notwithstanding these enormous technologi-
cal evolutions, one of the main problems of child 
language corpus studies remains the tedious and 
time-consuming transcription stage. In this respect, 
a further breakthrough is required so that the spo-
ken language recordings of multiple speakers can be 
automatically transcribed in a correct and reliable 
way. Only then can the amount of data provided 
by CHILDES increase exponentially and follow the 
evolution witnessed in the area of written language 
corpora.

Steven Gillis
University of Antwerp
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Child-Directed	Speech	
(Effects	of	Variation	in	
Quality)

Children acquire language at different rates and vary 
widely in language skills as early as 2 years of age. 
Understanding this variability is important because 
children who start school with poor oral language 
abilities may have trouble learning to read and as a 
consequence may fall behind in all subject areas. One 
factor that contributes to variability in early language 
development is the speech that children are exposed 
to during the early childhood period. Research has 
primarily focused on parent speech to children. In the 
mid-1990s two seminal studies, one by Betty Hart and 
Todd Risley and one by Janellen Huttenlocher and 
colleagues, found that the amount of speech parents 
directed to their children predicted children’s vocab-
ulary growth. Children who heard more words had 
larger vocabularies and faster vocabulary growth dur-
ing early childhood than children who heard fewer 
words from their parents. More recent research sug-
gests that one way in which input influences child 
vocabulary is through the child’s processing abilities. 
Children who hear more words are more efficient at 
processing language input than children exposed to 
fewer words. Thus, quantity of child-directed speech 
is clearly related to early language development, par-
ticularly vocabulary. However, these early studies, and 
many since then, have demonstrated that the quality 
of child-directed speech is important as well. Quality 
can be measured in many ways. This entry summa-
rizes the effects of child-directed speech quality on the 
development of children’s language skills, with a focus 
on typically developing children exposed to one lan-
guage. It discusses effects of four types of input qual-
ity: (1) the pragmatic uses of language, (2) vocabulary 
diversity and sophistication, (3) syntactic diversity 
and complexity, and (4) use of extended discourse. 

Pragmatic	Uses	of	Language
The manner in which adult–child interactions take 
place has a tremendous impact on the influence of 
child-directed speech on children’s early language 
development. Thus, one way to conceptualize qual-
ity of the input is the manner in which that input 
is conveyed. For example, interactions in which an 
adult attends to the same object or event as the child, 
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responds in kind to the child’s utterance or behav-
ior, and engages in conversation that elicits verbal 
responses from the child are all positively related to 
children’s early language development. This is likely 
due to the fact that these supportive behaviors take 
advantage of, or emphasize, the salience of words or 
parts of speech in their given context.

Joint attention refers to episodes in which both 
members of a dyad are sharing their attention directed 
to the same object or event for an extended period of 
time. Joint attention is achieved by one party direct-
ing the focus of the partner’s attention via eye gaze, 
gesturing, or language. Such episodes provide children 
with a nonlinguistic referential framework onto which 
they can map the linguistic information the partners 
provide. Individual differences in the ability of parent–
child dyads to establish and maintain joint attention 
predict children’s early language development, namely 
vocabulary size. Specifically, greater word learning 
occurs when information (e.g., a label) is given about 
an object to which the child is already attending. Pro-
viding information in the context of joint attention is 
favorable because these are periods when the child is 
best able to determine the referent and meaning of the 
parent’s language. Parent gesture also relates to child 
vocabulary development. Parents who point more 
and to more objects in the child’s environment have 
children who use the pointing gesture to refer to more 
objects in their environment. In turn, child gesture 
use measured as quantity and quality (e.g., number of 
different items gestured to or about) around 1 year of 
age is highly predictive of vocabulary size both a few 
months and a few years later. In sum, during the earli-
est stages of language learning, gesturing with children 
about objects in the environment and using gesture 
and speech during episodes of joint attention facilitate 
vocabulary development.

Responsive and encouraging utterances on the part 
of parents are also positively related to language out-
comes in children. Responsiveness involves making 
meaningful, appropriate, and timely responses con-
tingent upon changes in a child’s behavior. At every 
stage of early language development, parental respon-
siveness is a significant predictor of children’s achieve-
ment, both in vocabulary and syntax. Importantly, 
different types of responses are most appropriate at 
different points in children’s development. For exam-
ple, responding to an infant’s actions with descrip-
tions and affirmations predicts how early children 
produce their first imitations and first words; whereas 

responding to toddlers by imitating and expanding 
their speech predicts when children produce their first 
50 words, use combinatorial speech, and talk about 
the past. Overall, children whose parents most closely 
match their developing needs (i.e., parents who are 
more responsive) tend to reach language milestones 
earlier than children with less responsive parents. 
Encouragement is a specific type of responsiveness 
that involves positive feedback and affirmations. This 
includes praise, approval, and confirmatory repeti-
tions and extensions of child speech. Encouragement 
fosters a sense of competence and accomplishment 
in the child and positively predicts both expressive 
vocabulary and vocabulary growth in early childhood.

Conversation-eliciting speech refers to utterances 
made with the intent of eliciting a verbal response 
from the child. Often, this involves asking questions, 
such as requests for information or comprehension 
checks. Conversation-eliciting speech is predictive of 
children’s language development in both grammar 
and vocabulary. This is not surprising as this type of 
speech typically requires a verbal response from the 
child. Parents who more frequently use conversation-
eliciting utterances at 26 months have children who 
exhibit faster growth in the use of auxiliaries and 
verbs at 30 months.

In contrast to the above-mentioned uses of input 
that have positive effects on child language develop-
ment, there are uses that have more negative effects, 
specifically directives and prohibitives. Directives (e.g., 
“Put the toy down”) and prohibitives (e.g., “Don’t” or 
“Stop”) are both types of imperatives telling the child 
what to do or not do. Directives are often used while, 
or with the purpose of, redirecting the child’s attention 
and therefore occur outside of the supportive periods 
of joint attention. Neither directives nor prohibitives 
invite follow-up dialogue or support autonomy in the 
way conversation-eliciting and responsive utterances 
do, and both are negatively correlated with children’s 
vocabulary development. That is, parents who use a 
larger proportion of directives and prohibitives have 
children with smaller vocabularies than parents who 
use a smaller proportion of directives and prohibitives.

Vocabulary	Diversity	and	Sophistication
Children need to hear specific words used in their 
environment to learn those words. There is some evi-
dence that using individual words in isolation facili-
tates vocabulary development in the earliest stages of 
language learning. Across early childhood, parents 
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who use more diverse vocabularies with their children 
have children with more diverse vocabularies them-
selves than parents who use fewer unique words. In 
fact, the diversity of vocabulary in the input tends to 
be the best parent-input predictor of children’s own 
vocabulary skills, especially during the toddler period.

Vocabulary sophistication is also important in 
addition to vocabulary diversity. Vocabulary sophis-
tication is measured as the number or proportion 
of words in the input that are rare. Rare words are 
dictionary words that are not included in the most 
common 3,000 to 4,000 words understood by fourth-
graders. Using sophisticated vocabulary is particularly 
useful starting around age 2, when children have built 
up a knowledge base of common vocabulary words. 
As children get older, parents increase the proportion 
of their vocabulary that is sophisticated. In sum, dur-
ing the toddler period, parents who use more diverse 
vocabulary and a larger proportion of rare words (the 
average is about 6 percent) have children with larger 
vocabularies one year later than parents who use less 
diverse and sophisticated vocabularies. 

While hearing repeated uses of a vocabulary word 
assists children in learning the meaning of that word, 
children are able to learn vocabulary words from sin-
gle exposures, especially if the exposure includes con-
textual supports for word learning. Contextual sup-
ports include nonverbal visual, physical, and social 
cues that help to convey word meanings. These cues 
may be particularly helpful during the early stages of 
language learning. For example, a parent might say 
the word shoes while performing the action of putting 
on the child’s shoes. Alternatively, a parent might be 
washing the dishes, turn to a child, and say, “It is time 
to put on your shoes.” The first situation involves cues 
that should make it easier for the child to learn the 
word shoes from that particular instance in the input. 
In this sense, the first instance can be considered input 
of higher quality. These high-quality situations in the 
input do indeed make word learning easier for novice 
learners, and parents vary quite a bit in the extent they 
offer these supportive contexts for word learning.

Syntactic	Diversity	and	Complexity
There is less research on effects of syntactic fea-
tures of child-directed speech than on pragmatics or 
vocabulary, but the work that exists suggests relations 
between complexity and diversity of syntax in the 
input and children’s vocabulary and syntactic devel-
opment. It was originally thought that mothers used 

simplified language when talking to their children, 
often referred to as motherese or baby talk. However, 
while this type of speech is characterized by shorter 
utterances, repetition, higher pitch, and being very 
clear and grammatically correct, it is just as complex 
as adult-directed speech on any measures of true 
syntactic complexity. Child-directed speech does, 
however, differ morphologically from adult-directed 
speech in that it contains more diminutives (e.g., dog-
gie, birdie, and bootie), which provide helpful cues for 
word segmentation, specifically regularized stress pat-
terns and increased word-ending invariance.

Variability in the syntactic complexity of maternal 
child-directed speech is predictive of children’s early 
syntactic development. One measure of syntactic 
complexity is mean length of utterance (MLU) or the 
average number of morphemes per utterance. MLU 
in parent speech to toddlers predicts child vocabulary 
development and child MLU across early childhood. 
However, MLU does not include information about 
the specific syntactic constructions in the input or child 
speech. Early on in syntactic development, around ages 
1 to 2 years, the proportion of various sentence types 
(e.g., auxiliary-fronted, yes-or-no questions) in moth-
ers’ speech correlates positively to children’s develop-
ment of these structures. Yet, studies with older chil-
dren failed to find these same relations. However, later 
in development, around 4 to 6 years, the proportion 
of complex sentences more broadly in parent speech 
relates to the proportion of complex sentences in 
children’s speech as well as to children’s comprehen-
sion of complex sentences on an experimental task. At 
this same age, the number of noun phrases per utter-
ance in parent speech relates to the number of noun 
phrases per utterance in child speech. Further, across 
early childhood, the diversity of syntactic structures 
that parents offer to children, measured as the number 
of different types of complex sentences produced, pre-
dicts the development of children’s syntactic diversity. 
Syntactic diversity in the input best predicts syntactic 
diversity in child speech, whereas vocabulary diversity 
in the input best predicts vocabulary diversity in child 
speech. Thus, the makeup of the syntactic input relates 
to the makeup of child syntactic knowledge in different 
ways across early development. Importantly, both the 
diversity of the structures in the input and the com-
plexity of the sentences being used are predictive of 
syntactic complexity in children’s speech.

Similar results have been found in studies of care-
takers other than mothers, including fathers and even 
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teachers. Preschool teachers who use more complex 
utterances have students who grow more in syntactic 
comprehension over the course of the school year than 
teachers who use less complex speech in the classroom. 
This is important because the preschool teachers are 
not related to the children and yet their input still has 
an effect on children’s syntactic development.

Additionally, there is some evidence that, the more 
flexibly a novel verb is used in child-directed speech, 
the more flexible its use becomes by that child. That 
is, when a child hears a verb used in multiple sentence 
frames, that child is likely to use that verb in more 
sentence frames than a child who hears a verb used 
in mostly one-sentence frames (e.g., utterance final). 
According to the syntactic bootstrapping theory, this 
is because different sentence frames provide different 
contextual clues about how to interpret the meaning 
and proper use of the target word. Similarly, accord-
ing to the verb-island hypothesis, each verb and its 
proper use is learned in isolation from other verbs. As 
such, children may initially tend to restrict their use 
of specific verbs to the structures in which they are 
modeled in the input. 

The literature is inconsistent as to whether parents 
provide useful input by correcting their children’s 
syntactic errors (e.g., overgeneralizations, such as 
saying falled instead of fell). There is some evidence 
that parents do provide corrective feedback in the 
form of recasts. Recasts involve more than merely 
repeating back what the child said. They can involve 
filling in gaps in the child’s utterance or providing 
a corrected syntactic model. Parents are more likely 
to recast children’s incorrect than correct utterances. 
Children are more likely to repeat corrected recasts 
than repetitions of their original incorrect utterance. 
Thus, child-directed speech in the form of recasts may 
positively influence children’s syntactic development. 
However, there is also contrary evidence that parents 
do not correct children’s syntactic errors, that their 
feedback is not sensitive to the grammaticality of the 
child’s utterances, and that any corrective feedback 
parents may provide is likely not related to changes in 
the child’s syntax. Research continues in this area to 
address these inconsistent results.

Extended	Discourse
Extended discourse is the use of abstract speech 
that is removed from the here and now. Examples 
of extended discourse in input are parents’ use of 
explanations that tell how things work or why we do 

things, narrative comments about things that hap-
pened in the past or may happen in the future, pre-
tend utterances used during play, nonimmediate talk 
during book reading, and formal definitions of words. 
Extended discourse is challenging because it requires 
a higher level of analysis on the part of the child than 
comprehending talk that is focused on the here or 
now, such as object labels. By exposing children to 
these types of challenging talk, parents provide them 
with practice in the forms of abstract discourse they 
must come to master in school. Beginning around the 
preschool years, uses of extended discourse relate to 
children’s vocabulary and narrative skills.

Specifically, parents’ use of pretend utterances 
during play with 3-year-olds positively relates to chil-
dren’s later vocabulary comprehension and to their 
ability to provide formal definitions. Furthermore, 
parents of 3- to 5-year-olds who provide more expla-
nations and use more narrative talk about the past 
or future have children with larger vocabularies than 
parents who provide fewer explanations and narra-
tive talk. These relationships are found even when one 
controls for the total quantity of parent talk. Parent 
uses of explanations and narrative talk occur more 
during mealtime conversations than toy play and also 
occur during book reading. Parents also vary in their 
reminiscing styles, and these individual differences 
appear to be associated with children’s narratives. 
Specifically, parents who tend to ask a lot of questions 
and produce rich, detailed descriptions of past events 
have children who recall more information and pro-
duce longer and more elaborate narratives of their 
own as compared to children of parents who talk less 
about the past and provide little descriptive informa-
tion. Studies consistently show that using extended 
discourse or nonimmediate talk during book read-
ing benefits child language development. Specifically, 
asking the child to predict what will happen next in 
a story, making connections between the story and 
the child’s real life, and posing questions to test the 
child’s comprehension of the story facilitate language 
development, particularly children’s vocabulary and 
narrative skills. 

Conclusion
Variation in the quality of child-directed speech con-
tributes to children’s language development. Quality 
can be measured in a variety of ways. This entry has 
described quality in terms of parents’ pragmatic uses 
of gesture and language, vocabulary diversity and 
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sophistication, syntactic diversity and complexity, 
and extended discourse. There are likely additional 
important measures of input quality not discussed 
here. Parents vary extensively in the quality of the 
input they direct to children, and for some measures 
of quality, this variation is partly due to environmen-
tal factors such as socioeconomic status. For example, 
more educated and advantaged parents use more ges-
tures with their children, produce more encourage-
ments, are more responsive, use fewer directives, and 
use more diverse vocabulary and complex syntax than 
less educated and less advantaged parents. Other fac-
tors, such as parent gender, contribute to input qual-
ity, as fathers are found to ask more questions of chil-
dren than mothers and can thus be considered more 
challenging communicative partners. More research 
is needed on why parents vary so much in quantity 
and quality of input.

This entry explained the effects of input qual-
ity on children’s use of gesture, vocabulary, syntax, 
and narrative abilities. As noted, different features of 
input matter more or less at different points in early 
development. That is, gesturing and labeling objects 
in the child’s focus of attention is particularly useful 
during infancy, and using diverse and sophisticated 
vocabulary and complex syntax is important dur-
ing the toddler and preschool years, whereas talking 
with children about abstract concepts removed from 
the here and now is most useful with preschoolers 
and older children. These measures of input qual-
ity cannot be separated completely from measures of 
input quantity, as quantity and quality often go hand 
in hand. However, input quality does relate to child 
language development over and above input quan-
tity. Thus, it is important to consider both quality 
and quantity of child-directed speech when examin-
ing environmental predictors of children’s language 
development.
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University of Maryland, College Park
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Child-Directed	Speech	
(Features	of)
Child-directed speech (CDS) is the special form of 
speaking (or speech register) used when talking to 
infants or young children. It is different from the 
manner one typically uses when speaking to adults 
(adult-directed speech [ADS]). It is also referred 
to as baby talk, infant-directed speech (speech to 
infants and toddlers), motherese, parentese, and 
caregiver speech. CDS is closely related to maternal 
speech; however, caregivers other than mothers also 
use CDS, and mothers may speak in adult-directed 
forms in the presence of their child, so the two con-
cepts are dissociable. CDS has a variety of charac-
teristics associated with it, including changes in 
prosody (intonation or melody, rhythm, and speak-
ing rate), simplified and altered vocabulary, phono-
logical alterations, shortened sentences, and altered 
speech patterns. Although it is often thought of as 
a universal characteristic of human interaction, and 
used widely around the world, there are differences 
found in its usage across cultures and languages. The 
study of CDS, its characteristics, and function began 
in the 1960s. More recent research has focused on 
infants’ preference for, and perception of, CDS and 
the implications of these findings for the process of 
language development.
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Prosody
CDS contains a number of distinctive prosodic fea-
tures. Compared with adult-directed speech, it has 
a significantly slower tempo. There is debate as to 
whether this slowed tempo occurs equally through-
out a given utterance or primarily in specific con-
texts, such as in stressed syllables and utterance-final 
words. CDS also tends to be higher in pitch and has 
a larger pitch range and an exaggerated intonation or 
melody. These properties are associated with a more 
animated style of speech, and many researchers argue 
that these prosodic characteristics are a direct result 
of the speaker communicating positive affect (happi-
ness) and attempting to engage the child. Despite the 
slow tempo, CDS utterances tend to be very short and 
separated by long, silent pauses.

Words
CDS is characterized by a significantly reduced 
vocabulary, sometimes referred to as a low type-to-
token ratio (so named because there are fewer differ-
ent types of words compared with the total number 
of words, or tokens, heard by the infant). Words tend 
to be short, only one or two syllables. Furthermore, 
CDS words in English tend to conform to the canoni-
cal strong–weak stress pattern. Diminutive forms are 
also used by adding the sound /i/ on the end of words 
(e.g., Johnny for John or beddy for bed), which creates 
a strong–weak stress pattern with a consistent ending. 
The focus on a small number of simple words and the 
canonical stress pattern has been hypothesized to sim-
plify the task of early word learning. However, some 
CDS words diverge greatly from the adult form, such 
as choo-choo for train or potty for toilet. This could 
theoretically serve to make vocabulary acquisition 
more difficult as children would first learn the CDS 
forms and then need to acquire the ADS versions.

Phonological (sound) patterns within words are 
also altered. Charles Ferguson, who conducted some 
of the earliest work on CDS in the 1960s, described 
patterns of phonological simplification to conso-
nant–vowel–consonant or consonant–vowel–conso-
nant–vowel forms, reduplication (e.g., baba for bot-
tle), simplification of consonant clusters (e.g., bankie 
for blankie), and consonant substitutions (wabbit for 
rabbit) across several languages. On a more acoustic 
level, vowels in particular are believed to be produced 
in a manner such that individual vowel types are more 
distinct from each other (hyper-articulation). This 
was first shown by P. Kuhl and colleagues, who plotted 

first and second format values for three vowels in CDS 
and ADS to create a vowel triangle for each register. 
The vowel triangle for CDS was found to be larger 
than that in ADS, which would make CDS vowels 
more distinct from each other. However, more recent 
work has challenged the established notion of vowel 
space changes as hyper-articulation. Our understand-
ing of the effects of CDS on the acoustic characteris-
tics of consonants is more limited. A small number 
of studies have examined Voice Onset Time (VOT) in 
stop consonants, but the findings have been mixed, 
with some studies reporting reductions in VOT and 
others reporting expansions.

Another characteristic of CDS word usage is the 
labeling of concrete object nouns and their high-
lighted position within the sentence, such as, “Look, 
it’s a ball! Do you see the ball?” This labeling behav-
ior includes multiple repetitions of the labeled object 
using its full form, whereas in ADS, subsequent refer-
ences more likely would be reduced to a pronoun like 
it. In addition, the labeled objects tend to be placed in 
a focused position at the end of the sentence and often 
are significantly stressed (slowed tempo and exagger-
ated intonation), drawing the infant’s attention to the 
labeled word.

Utterances
Syntactically, CDS is characterized as having short 
utterances of only one or a few words (a small mean 
length of utterance [MLU]). CDS utterances are typi-
cally only one clause in length and contain very few 
grammatical errors. These utterances are viewed 
as being structurally simpler than ADS utterances 
(although see below). Increased age of the target child 
is associated with longer utterances (larger MLU) by 
24 months of age. However, during the early stages 
of the onset of a child’s productive language, there 
appears to be little change over time in adults’ MLU 
to that child. Comparisons of speech to infants before 
and after 12 months have found little difference, with 
an MLU of approximately four (an average of four 
words per utterance). Studies of speech to very young 
infants have found mixed results, with some suggest-
ing longer and some shorter MLU with older infants. 
Some researchers have noted that speech to very young 
infants is a mix of true CDS and speech that is more 
self-directed in the presence of the infant, which may 
contribute to the differing findings. Other more quali-
tative changes to CDS utterances take place as the child 
ages, such as reductions in routines and vocal play 
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and more abstract references. At the conversational 
level, Catherine Snow described how mothers scaffold 
emerging verbal exchanges with their infants, respond-
ing to the burps and gurgles of very young infants as if 
they were communicative acts.

Most studies have also found that CDS contains a 
disproportionate number of questions compared with 
ADS. However, the percentage of questions measured 
varies widely, from 10 percent to about half of utter-
ances. This use of questions in CDS does not appear 
to depend on a child’s ability to respond as it begins in 
early infancy. CDS is highly repetitive, including both 
full and partial repetitions of previous utterances 
from the speaker and the child. 

Universality	and	Differences	
CDS is a phenomenon found across a broad range of 
cultures and languages. It is used by both men and 
women, by children as young as 4 years old, and by 
parents and nonparents alike. However, there are a 
small number of ethnographic descriptions of cul-
tures in which CDS does not appear to be used. More-
over, the extent of CDS characteristics varies across 
languages and cultures. Many of the canonical charac-
teristics of CDS, such as the exaggerated intonational 
properties, preponderance of questions, and labeling 
of concrete objects are especially strong in American 
English speakers, which has been the primary lan-
guage of study for CDS. More reserved cultures, such 
as Japanese or British English, have sometimes been 
found to have less extreme CDS characteristics, and 
other qualitative differences may exist across lan-
guages and cultures.

How CDS interacts with other characteristics of 
the language may also be informative. For example, 
while the tones used in tonal languages use pitch 
height and pitch excursions to indicate differences in 
lexical meaning, the use of CDS in these languages 
does not appear to interfere with the discrimination 
of tone. Despite its very different modality, there is 
also evidence for properties of CDS in sign languages, 
such as exaggerated motions, repetitions, and slowed 
tempo. Judy Snitzer Reilly and Ursula Bellugi noted 
that mothers using American Sign Language with 
children under 2 years will use an ungrammatical 
form by leaving off a required brow furrowing when 
asking questions as the brow furrowing might com-
municate negative affect (the effect was not seen with 
older children). Similarly, Nan Bernstein Ratner and 
Clifton Pye reported that Quiche Mayan speakers 

don’t raise the mean pitch of their CDS utterances as 
pitch is used to signal differing social status between 
the speaker and listener in this culture.

Gender differences are found in the content of 
speech directed to boys and to girls. There are also 
differences found in the properties of CDS speech in 
men and women; however, these differences are rela-
tively minor. Although men do raise the mean pitch 
in CDS utterances, male CDS utterances still have a 
lower mean pitch than female ADS utterances, given 
that male voices are lower to begin with. Men may 
also use a less restricted vocabulary in their CDS. Jean 
Berko Gleason proposed the Father Bridge Hypothesis 
in which fathers’ speech might bridge the gap between 
the simplified or altered CDS speech used by mothers 
and the adult language in which children must even-
tually become competent.

Function	and	Infant	Perception
The characteristics of CDS have been attributed to 
a variety of functions, including the communication 
of positive affect, speech clarity, and communication 
of linguistic structure itself (i.e., language learning). 
Studies of similar registers in language use with pets, 
nonnative speakers, and the elderly or sick have pro-
vided contrasts to help tease apart these possibilities. 
Exaggerated intonational characteristics in particular 
have been associated with communicating positive 
affect. Decreased tempo, shortened utterances, sim-
plified vocabulary, and the expansion of the vowel 
triangle are viewed as related to speech clarity. Such 
characteristics may therefore serve primarily to pro-
vide meaningful, in-the-moment information to the 
child, this being the caregiver’s immediate goal, and 
only secondarily serving as a language teaching tool. 
While clear speech may in some situations provide 
scaffolding to the adult linguistic system, the func-
tions of communication and grammatical learning 
are theoretically dissociable. With respect to syntactic 
simplicity in particular, Elissa Newport, Henry Gleit-
man, and Lila Gleitman argued that the small MLU of 
utterances does not necessarily indicate lack of com-
plexity in a structural sense as noncanonical sentence 
structures, deleted items, and other complexities are 
common in CDS. Whether CDS is truly a simpler 
input may depend on the nature of children’s lin-
guistic representations. Some characteristics of CDS 
are more directly attributable to a language learning 
goal, such as the object labeling behaviors in which 
caregivers provide and reinforce new vocabulary. 



 Chomsky, Noam 85

Repetitions and reformulations (where the speaker 
repeats back a child’s utterance in a changed form) 
may also provide important information about the 
structure of the language. 

Recent studies have begun to examine infants’ 
preference for CDS and effects of CDS on children’s 
ability to acquire linguistic knowledge in an experi-
mental setting. Infants in the first months of life pre-
fer listening to CDS over ADS. This preference has 
been found for several languages and regardless of 
the gender of the speaker. Some studies have failed 
to find evidence for a preference for CDS in older 
infants, however. CDS has positive consequences for 
infants’ language perception. Infants are more suc-
cessful in segmenting and recognizing words in CDS 
than ADS, and CDS may be more recognizable under 
noisy conditions than ADS. 

Melanie Soderstrom
University of Manitoba
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Chomsky,	Noam
Massachusetts Institute of Technology Professor 
Noam Chomsky is widely regarded as a towering, if 
controversial, intellectual figure. Although much of 
that wider recognition is connected with his social and 
political views and analyses, his greatest impact may 
lie in the lesser-known field of linguistics and associ-
ated fields of psycholinguistics, including the study 
of language acquisition. Beginning with his work’s 
early impact in the 1950s, which continues to this day, 
Chomsky may fairly be said to have revolutionized the 
field of linguistics and related fields, an effect that even 
those who stridently oppose him would have to admit.

Although Chomsky himself did not conduct empir-
ical research in the study of language acquisition, his 
work has had an indelible effect on the field as he 
linked his general theory of language to the problem 
of language acquisition. In turn, his proposals have 
spurred extensive and vigorous empirical research in 
this area by both proponents and opponents.

Chomsky’s general theory has focused on a com-
putational view of language. That is, he has focused 
on the study of language as a generative system based 
on the rules and principles by which sentences are 
formed through the combination of smaller units. 
This computational system, or syntax, can create an 
infinite set of possible sentences and is recursive (i.e., 
it can combine units within units, as in The cat chased 
the rat that sat on the mat that . . .). This system is 
at once infinitely generative and also constrained to 
prevent the generation of an infinite set of possible 
errors. Chomsky stressed that the child must acquire 
this formal computational system in order to be able 
to map from the form of language to its meaning, and 
vice versa. 

The implications of Chomsky’s theory of language 
on the field of language acquisition were major. While 
it had long been recognized that the acquisition of 
language—a unique capability of the human species—
must result from an interplay of biological program-
ming and experience through social contexts, Chom-
sky refocused the field on one pole of this interplay: 
What is biologically programmed? Insisting that a full 
and explanatory theory of language knowledge and 
acquisition cannot be achieved without confronting 
this question, he adjusted the attention of the field of 
language acquisition to a new scientific direction. The 
leading scientific issue now became this vital question: 
What is the content of that biological programming?
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Chomsky adopted a rationalist paradigm (in the 
sense of René Descartes, for example) in pursuit of 
this question. In doing so, he proposed a modular 
representation of the mind whereby innate biological 
programming provides a distinct language faculty in 
the human species to be available in the initial state, 
that is, in the mind of a learner before experience. He 
argued logically on the basis of poverty of the stimulus 
(i.e., an argument that the data surrounding the child 
underdetermine the linguistic knowledge that must be 
attained) and observed regularities in timing of lan-
guage acquisition across varied languages and contexts 
(i.e., within the first three years of life under normal 
circumstances, children across varied countries and 
contexts demonstrate major achievement of the varied 
grammars for their language) that universal linguistic 
principles provided by this language faculty must be 
available uniformly to guide and constrain the child’s 
language acquisition. Led by this paradigm, Chom-
sky, and his students and followers, have worked con-
tinually from the 1950s to formulate precise hypoth-
eses regarding the content of the language faculty 
by linking current developments in linguistic theory 
to hypotheses regarding the content of the language 
faculty. This approach, currently often referred to as 
biolinguistics, connotes an approach to the study of 
linguistics as a biologically grounded natural science.

Over decades, wedding cumulative developments 
in linguistic theory to hypotheses regarding the con-
tent of the language faculty, Chomsky’s linguistic 
theory has shifted from postulation of specific trans-
formations that operate on specific linguistic struc-
tures, for example, active and passive sentences, to 
more abstract principles and parameters that charac-
terize grammars, and currently, to even more abstract 
design features that begin to formulate a wider model 
of the language faculty, including its interfaces with 
other components of cognition, for example, sensory-
motor (such as related to speech production) and 
conceptual components (such as related to compre-
hension of meaning and thought). 

Accordingly, Chomsky’s original proposal for a 
Language Acquisition Device (LAD) has been sup-
planted now by his proposal for a Universal Grammar 
(UG). While the LAD provided a logical analysis of 
the language acquisition challenge, UG is proposed to 
provide access to the principles and parameters that 
universally underlie all natural languages and thus 
provide a general framework for grammar construc-
tion beginning in the initial state.

Chomsky’s proposals have provoked years of empir-
ical research heavily focused on studying the child’s 
acquisition of syntax, including various aspects of 
complex sentence formation, many, if not most, of 
which had not been the target of language acquisition 
study before. These phenomena included acquisition 
of long-distance dependencies, such as those involved 
in question formation and the operations underlying 
them. For example, in a sentence like What did Mary 
think the baby wanted 0, the child must link the sentence 
initial what word to the distant null site, 0, in order to 
interpret what the baby wanted. Similarly, these newly 
studied phenomena included the child’s acquisition of 
anaphora. This computation involved structures where 
pronouns or null sites must be linked to antecedents. 

For example, in sentences like Mary returned home 
when she finished lunch or Big Bird touched his penny, 
and Oscar did 0 too, the child must compute syntac-
tic and interpretive relations between names and pro-
nouns or null sites in order to understand who finished 
lunch or who touched the penny too. Research on the 
role of parameters has developed. In linguistic theory, 
parameters were proposed to account for language 
variation in a principled way. For example, what was 
termed a pro drop parameter (whereby null subjects 
may grammatically occur in Spanish, such as in 0 Llega, 
but not in English, *0 Arrived) has provoked extensive 
study of the child’s production and comprehension of 
null sites or gaps in language and their variation across 
languages. (Note here that * is used to mark ungram-
matical sentences.) A wide set of research now pursues 
the child’s grasp of functional categories, or grammati-
cal morphemes, as essential to early language acqui-
sition, that is, as providing a fundamental structural 
architecture for language creation.

Throughout this developing empirical study of the 
acquisition of language, comparative cross-linguistic 
data have continually been sought. Questions, meth-
ods, and empirical results from such studies in the 
field of first language acquisition have been matched 
by studies of second language learning in the adult as 
well as by study of the acquisition of multilingualism 
in young children.

Much of the work on language acquisition in the 
generative, or Chomsky-based tradition, has focused 
on testing what the typically developing child knows 
about linguistic constraints on the complex compu-
tation studied. For example, a fundamental linguis-
tic principle of structure dependence was proposed 
to underlie all possible natural languages at the same 
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time, that it essentially and continuously constrains 
a child’s language acquisition. It is proposed that, 
constrained by this principle during language devel-
opment, the child would never hypothesize computa-
tional rules that treat words (or other linguistic units) 
simply as beads on a string, subject only to general 
cognitive analyses of linearity. Rather, by this prin-
ciple, any rules hypothesized by the child during lan-
guage acquisition would always evaluate the underly-
ing hierarchical structure of any sentence. The child’s 
hypothesized rules would thus always be constrained 
against an infinite set of possible errors. Numerous 
studies have sought and provided evidence in support 
of this principle and its role in anaphora interpreta-
tion in early language acquisition, for example.

Chomsky’s paradigm also spurred substantial 
evaluation of methodologies suitable to the scientific 
study of language knowledge. Given its emphasis on 
the research question regarding the child’s mental 
grammatical competence, all methodologies, which 
always necessarily involve measures of a child’s lan-
guage performance, have to be reevaluated. They 
must be assessed as to their power to ground sub-
stantial scientific inference regarding computational 
competence.

Over time, with developments in linguistic theory, 
the proposed linguistic representations have changed 
for various principles and parameters as empirical 
language acquisition research has progressed. The 
research foci for the empirical studies remain, albeit 
shaped by methodological advances and sharpened 
research questions.

From the beginning, Chomsky’s proposal dramati-
cally impacted general theories of learning in the child. 
For example, his initial debate in the 1950s with B. F. 
Skinner cast into harsh relief the inadequacy of simple 
stimulus-response-based behaviorist theories of learn-
ing for language acquisition. In Chomsky’s theory, the 
role of experience plays a diminished (although not 
insignificant) role, facilitated to a significant degree 
by the child’s deduction of a language system through 
properties of the language faculty. Today, outside of the 
generative paradigm of Chomsky’s proposed language 
faculty, opposition remains intense. Current opposed 
models take the form of more developed theories of 
learning, including those based on probabilistic statis-
tical processing of input data by the child or usage-
based theories of analogical learning. Integrated theo-
retical approaches have begun to appear in the form 
of innately guided learning models. In Chomsky’s 

model, questions regarding the role of experience in 
language acquisition are developing. Recent discover-
ies of the infant’s immense sensitivities to properties of 
the input speech stream are propelling more advanced 
analyses of the integration of innate components with 
experiential ones from the earliest period of language 
development. Recent work in collaboration with 
biologists and psychologists has now led Chomsky to 
propose a distinction between a narrow view of the 
faculty of language (which concerns what is unique to 
the human species and to languages) versus a broad 
view (which concerns all other aspects of language 
including those subject to explanation by more gen-
eral cognitive factors). This new proposal advances the 
possibility for more focused approaches to study the 
language faculty and correspondingly more advanced 
theories of learning and development.

Throughout, Chomsky’s proposal has focused on 
the logical problem of language acquisition and its 
computational complexity rather than on the course 
of language development over time, leading to empha-
sis on, and a distinction between, language acquisition 
and language development. Within Chomsky’s para-
digm, proposals for biologically determined gram-
matical maturation have been suggested and debated 
as explanatory of development, as have issues of con-
tinuity versus discontinuity of UG’s role in language 
development. Correspondingly, in this paradigm, 
there has to date been relatively little integration of 
studies of normal language acquisition with abnormal 
or delayed language development or language pathol-
ogy, although case studies of savants and research on 
children diagnosed with specific language impairment 
have begun, with initial results provoking further stud-
ies into the genetic bases for such impairments.

In sum, the scientific paradigm Chomsky initiated, 
beginning with his early works in 1957 and 1965 and 
continuing through to today, has fostered the central-
ity of linguistics in cognitive science in general and 
in the study of language acquisition in particular at 
the same time that it has focused continual debate 
regarding the underlying forces of language acquisi-
tion. A comprehensive theory of language acquisition 
that recognizes and reveals language development 
over time, while recognizing the role of biological 
programming in the form of a language faculty, still 
remains to be articulated.

Barbara Lust
Cornell University
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Chunk-Based	Language	
Acquisition
In learning to talk, children have to discover the lin-
guistic units of their language (sounds, morphemes, 
words) and the ways these units can be combined to 
create larger patterns (inflected words and sentences). 
Children’s progression is often characterized as a 
move from smaller building blocks to larger combina-
tions: from syllables to words to multiword combina-
tions. This characterization captures the combinato-
rial aspect of language learning but does not address 
an equally important process: the use of larger chunks 
to discover the units of language and the regularities 
governing their combination. 

The idea that children use larger chunks in learn-
ing language was first formulated by Ann Peters in her 
seminal work on the units of language acquisition. She 
emphasized the role of gestalt processes in language 

learning and highlighted the difference between the 
units linguists use to analyze language and the ones 
children employ when learning to talk. By looking for 
words, linguists out on the larger, multiword sequences 
children extract and use in early production. The use 
of such units reflects the fact that infants don’t hear 
adult speech neatly segmented into phonemes, mor-
phemes, and words. To discover these units, children 
first need to break into the speech stream and identify 
the relevant linguistic units, a process that necessar-
ily involves decomposing larger chunks—stretches of 
unsegmented speech—into smaller linguistic units. 
Similar whole-to-part processes play roles in chil-
dren’s discovery of the sounds and morphemes of 
their language: Children can learn about phonologi-
cal contrasts by comparing whole words (whole-word 
phonology) and use inflected words to learn about 
the inflectional system in their languages.

The insight that larger chunks play roles in language 
acquisition was further developed in usage-based 
approaches to language learning—where children 
learn about grammar by abstracting and generalizing 
over stored utterances. Multiword chunks (crossing 
lexical word boundaries) provide children with lexi-
cally specific chunks to be used in early production 
and allow them to discover grammatical relations and 
co-occurrence patterns that hold between words. Such 
building blocks can be formed through undersegmen-
tation, where a multiword sequence is first acquired as 
a chunk and only later properly segmented, or through 
chunking, where patterns of usage cause words to fuse 
together into one multiword unit. Both processes 
make the prediction that children make use of multi-
word chunks in the learning process. 

Children’s	Use	of	Multiword	Chunks
There is growing evidence that children’s early build-
ing blocks include multiword chunks and that they are 
sensitive to the properties of multiword combinations. 
Children produce frozen multiword utterances at a 
stage where most of their other productions consist of 
single words. Many later productions are still not fully 
productive. As Elena Lieven and her colleagues dem-
onstrate, up to 50 percent of the first 400 multiword 
utterances produced by 2-year-olds can be classified 
as frozen: Their components are not used produc-
tively but instead appear only in restricted combina-
tions. Children’s later productions are also impacted 
by their knowledge of larger chunks. Hence, 2- and 
3-year-olds are faster and more accurate to produce 
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higher-frequency chunks (a drink of milk compared to 
a drink of tea) and are impacted by chunk frequency in 
making syntactic generalizations. Children’s morpho-
logical accuracy is also affected by the larger contexts in 
which words appear: 4-year-olds are more accurate at 
producing irregular plurals (e.g., teeth) inside higher-
frequency chunks (brush your teeth). Similar patterns 
are seen in computational simulations. In a model that 
uses data-oriented parsing to parse a corpus of child 
speech, many of the units identified in the early stages 
of language production (up to age 3) were multiword 
ones. In another model—which uses backward transi-
tional probabilities to identify units of language use in 
a corpus of child speech—children’s language is better 
captured when the lexicon contains multiword chunks 
in addition to single words, reflecting the chunked 
nature of children’s early language.

Children’s use of multiword chunks is also reflected 
in their error patterns. For example, 4-year-olds have 
difficulty changing a first-person prompt such as 
I think or I believe into a third-person one (e.g., he 
thinks) for verbs (e.g., mental-state verbs) that pre-
dominantly appear with a first-person subject. Chil-
dren’s me-for-I errors (pronoun case errors such as 
me do it, where the accusative-marked pronoun is 
used instead of a nominative one) can be related to 
the proportion of preverbal uses (e.g., let me do it) in 
their input. Children are less likely to make inversion 
errors in questions for strings that appeared inverted 
frequently in the input. Over a range of constructions, 
children’s correct and incorrect productions show 
sensitivity to multiword units.

Using	Multiword	Chunks	as	Building	Blocks		
for	Language	Use
The reliance on multiword information is not lim-
ited to child learners. Adult speakers are also sensi-
tive to the distributional properties of multiword 
chunks and draw on such information in production 
and comprehension. Adults have better memories for 
higher-frequency sequences and show reduced pro-
cessing cost for object-relative clauses with more fre-
quent subject–noun combinations. Adults are faster 
to recognize higher-frequency phrases compared to 
lower-frequency ones even when all part frequen-
cies are controlled for (e.g., don’t have to worry versus 
don’t have to wait), suggesting that they represent fre-
quency information about the entire complex form. 
Similar patterns are found in production: Speakers 
produce higher-frequency sequences more quickly; 

they are more likely to use contractions in higher-fre-
quency sequences and show shorter phonetic dura-
tion for the same phonetic material when it appears 
inside higher-frequency chunks (e.g., don’t have to 
worry versus don’t have to wait). Importantly, the sen-
sitivity to multiword frequency is not limited to idi-
omatic phrases or highly frequent collocations but 
instead is found for compositional sequences along 
the frequency continuum. Taken together, these find-
ings show that multiword chunks continue to be an 
important part of native knowledge of language.

The	Potential	Differential	Role	of	Multiword	
Chunks	in	First	and	Second	Language	Learning
One of the long-standing questions in language learn-
ing is why children seem to be better language learn-
ers than adults, despite being worse at a range of other 
cognitive tasks. Unlike children learning a first lan-
guage, adults rarely reach native-like proficiency in a 
second language. However, contrary to what might be 
expected from a critical or sensitive period perspec-
tive, adults are not always worse than children when it 
comes to learning language. While adult learners clearly 
experience problems in many linguistic domains, they 
do not find all aspects of the novel language equally 
hard. Older learners, for instance, are generally faster 
and more efficient in the early stages of learning and 
seem to master certain domains (e.g., vocabulary) bet-
ter than children. More importantly, while some facets 
of language are learned with relative ease (e.g., vocab-
ulary, word order, and yes-and-no questions), other 
aspects—such as grammatical gender, article use, and 
classifiers—continue to pose difficulty even for highly 
proficient speakers. The currently unresolved chal-
lenge is to explain what gives rise to the specific pattern 
of difficulty for adult language learners.

Part of the answer to this challenge may be that 
adults are less likely to learn from multiword chunks 
and that this affects the way they learn certain gram-
matical relations. Whereas children are learning seg-
mentation, meaning, and structure at the same time, 
adults—because of their prior knowledge and differ-
ent learning situation—will learn from input that is 
largely segmented into words for which the semantics 
is already known. This tendency will affect how gram-
matical relations are learned by changing the informa-
tion conveyed by the various linguistic elements. To 
give an example, when presented with the sequence 
la pelota (the ball in Spanish), an adult learner who 
already knows what a ball is can focus on the noun 
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label at the expense of learning the pairing of the article 
and the noun. A child learning a first language is more 
likely to associate the entire article–noun sequence 
with the meaning of ball, thereby strengthening the 
link between the article and the noun.

Thus, the suggestion is that children and adults dif-
fer in their sensitivity to multiword chunks and that 
this can affect learning outcomes. Unlike children, the 
language of second language learners is often charac-
terized as nonformulaic and is fraught with nonnative 
idioms and collocations. The use of collocations and 
formulaic expressions by second language learners is 
more flexible than that of native speakers, and even 
advanced learners produce fewer formulaic sequences 
than do native speakers in both spoken and written 
language. Indeed, when adults do acquire chunked 
units, they seem to use them differently in learning. 
Adult learners in immersion settings clearly learn 
some fixed expressions early on, such as greetings or 
requests for information. But they do not seem to use 
them in the same way as children, to further gram-
matical development. The idea that using multiword 
building blocks can enhance learning is supported by a 
recent study that manipulated the linguistic units par-
ticipants were exposed to early on. In this study, adults 
showed better learning of grammatical gender in an 
artificial language when they were exposed first to sen-
tences (multiword building blocks) and only then to 
individual words (single-word building blocks). They 
learned the association between the article and the 
noun better when the whole sequence was first associ-
ated with meaning, suggesting that there is an effect of 
early building blocks on learning outcomes.

Conclusion
Much of the work on language learning focuses on 
the combinatorial aspects of language: the move 
from smaller units to larger and more complex ones. 
Chunk-based learning—where larger chunks are used 
to discover linguistic units and the relations between 
them—plays an equally important role in the learn-
ing process. While understudied, such processes are 
found across a range of linguistic domains (phonol-
ogy, morphology, and syntax). Acknowledging the 
importance of chunk-based language acquisition 
raises a new set of questions and challenges and adds 
new ways of accounting for how language is learned 
by children and adults. One major challenge lies in 
identifying the building blocks of language: How 
can one discover what children are using as building 

blocks? One way of addressing this question is by 
running computational models on child and child-
directed speech to identify the most likely building 
blocks found in children’s speech. A second chal-
lenge lies in demonstrating the role of larger chunks 
in learning. Multiple studies document the existence 
of multiword chunks in children’s speech, yet there 
is less work showing how they impact the learning 
process: How do children learn to segment and ana-
lyze chunks, and how does that affect learning gram-
mar? Here also, the combination of computational 
and experimental work may prove promising: Com-
putational models can be used to identify chunks 
and generate predictions about their roles in learn-
ing, which can be tested experimentally. While many 
questions remain open, the study of chunk-based 
processes allows linguists to enrich their understand-
ing of how children acquire language.

Inbal Arnon
Hebrew University 

Morten H. Christiansen
Cornell University
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Color	Cognition	and	
Language	Development
There is now extensive literature on how children 
acquire color words—that is, words like red, green, and 
yellow. This research has repeatedly shown that chil-
dren seem to learn color words more slowly and with 
more mistakes than they learn other types of words 
such as nouns and verbs. By age 2, young children can 
readily connect object words to meanings, even from a 
single experience of hearing a word used in context. In 
contrast, even with hundreds of explicit training trials, 
4-year-old children still struggle with using basic color 
words (such as red, green, and yellow) appropriately. 
Children’s difficulty with color word learning is puz-
zling because color words are frequent in language to 
children and because infants have been shown to per-
ceive colors in much the same way as adults perceive 
them. Children’s early difficulties with color words 
seem so insurmountable that Charles Darwin specu-
lated that children were initially color blind.

The course of acquiring color words is a particu-
larly protracted one. Although children begin produc-
ing color words at around 2 years of age, they appear 
to use them indiscriminately and incorrectly for a 
period of time (ranging from months to years) and 
still make some color naming errors at 6 years of age. 
During this period, young children answer the ques-
tion What color is it? with a color word. However, the 
color words they provide seem to be randomly chosen 
and unrelated to the property in question (e.g., they 
may label red, purple, and green objects as purple). 
And even once children begin consistently labeling 
certain colors correctly (e.g., always correctly labeling 
the color pink and never mislabeling other colors as 
pink), they still misidentify other common colors.

At the same time that children are experiencing dif-
ficulties in labeling colors, they may still struggle to 
abstract color, depending on the task. When the task 
demands are low, children can remember objects by 
their colors. In one task, children were shown a toy 
dinosaur and told its name was Emily. Emily was then 
removed, children were presented with two almost 
identical dinosaurs (one dinosaur the same color as 

Emily and one a different color), and were asked to find 
Emily. Even children who were not yet accurate at com-
prehending color words were successful in this task. 
Other studies with a larger number of choices show a 
tighter link between color words and color cognition 
such that children’s comprehension of color words is 
correlated with memory for colors. Moreover, even 
when children can understand and use a color term, 
they may remain unable to selectively attend to that 
color without verbal cues to do so. For example, when 
children are shown two objects that match in color, 
but differ in other dimensions, and are asked to select 
other objects that match in the same way, children have 
difficulty ignoring the competing dimensions to select 
color matches. Altogether, these results suggest that 
children’s understanding of color is slow to develop.

Explanations for why children are slow to learn 
color vary. One possibility has to do with the fre-
quency of dimensional terms (like color) in the lan-
guage input to young children. Early on, the input to 
children contains many nouns and verbs, and even 
though color words are frequent in speech to children, 
in compari¬son to nouns, the number of color words 
is quite low. Evidence for this idea comes from studies 
showing that children learn color words earlier if they 
attend preschool, presumably, because children receive 
more color word input at school. Interestingly, color 
words are acquired at an earlier age now than they 
were with previous cohorts. In 1908, IQ tests listed 
the normative age for naming four basic colors as 7 
years of age, but by the 1970s, the normative age had 
shifted to 4 years of age. This suggests that difficulty 
with color words may stem from lack of experience 
and practice with color labeling, which presumably 
has increased for children during the last 100 years. 
Other explanations suggest that the difficulty can be 
reduced if color words appear in language structures 
that place the color word in more salient positions or 
are more transparent as to the color word’s status in 
denoting a property of an object. For example, phrases 
such as “This is a red ball” indicate “red” is property of 
the object more clearly than phrases such as “This is 
red.” Importantly, color words are not unique in pos-
ing difficulty for young children—children also expe-
rience difficulty with other types of abstract words and 
concepts (such as number, size, and space words), and 
not all children show protracted learning patterns.

The protracted course of color acquisition has 
allowed researchers to ask questions about linguis-
tic relativity—how language influences perception 
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and cognition. These questions center on the idea 
that children who speak different languages may not 
acquire color words in the same way. Languages of the 
world describe color in very different ways. Languages 
of the world describe color in very different ways; for 
example, the languages Welsh and Himba do not have 
separate words for blue and green. Researchers have 
asked whether differences among children exist only 
for language about color or whether these differences 
also appear in nonlinguistic tasks that test perception 
and cognition. 

To address this, D. Roberson and colleagues exam-
ined how children learning languages that describe 
color differently acquired color words by assessing 
Himba-speaking children in Namibia and English-
speaking children in the United Kingdom on a vari-
ety of color tasks over a three-year period between 3 
and 6 years of age. There were no predictable patterns 
for which colors were learned first for either language 
group. But once children knew some color words they 
had better memories for colors that were good exam-
ples of color categories in their own language than in 
the other language. Himba children had better memo-
ries for colors that were good examples of Himba color 
categories and English children had better memory for 
colors that were good examples of English color cat-
egories. These intriguing results suggest that children’s 
knowledge of color words influences their memory 
for color. In sum, children’s difficulty with acquiring 
color words is robust and well documented. Research 
on color acquisition has been able to address ques-
tions about the relative timing of aspects of word 
learning that normally cannot be determined when 
language acquisition is rapid and errorless.

Catherine Sandhofer
Mariel Kyger

University of California, Los Angeles
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Computational	Models	of	
Language	Development
Human language development has been studied for 
centuries, but using computational modeling for such 
studies is a relatively recent trend. However, computa-
tional approaches to language learning have become 
increasingly popular, mainly due to advances in devel-
oping machine learning techniques and the availability 
of large collections of experimental and observational 
data on child language learning and child–adult inter-
action, such as the CHILDES database. Many of the 
existing computational models attempt to study the 
complex task of learning a language under cognitive 
plausibility criteria (such as memory and processing 
limitations that humans face) and to explain the devel-
opmental stages observed in children, especially in the 
light of the nativist claim (known as the learnability 
problem) that language is too complex to be learned 
without innate linguistic knowledge. By simulating 
the process of child language learning, computational 
models can show which linguistic representations are 
learnable from the input that children have access to 
and which mechanisms yield the same patterns of 
behavior that children exhibit during this process. In 
doing so, computational modeling provides insight 
into the plausible mechanisms involved in human lan-
guage development.

Using computational tools for studying language 
requires a detailed specification of the properties of the 
input data that the language learner receives and the 
mechanisms that are used for processing this data. This 
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transparency offers many methodological advantages. 
First, when implementing a computational model, 
every assumption, bias, or constraint about the char-
acteristics of the input data and the learning mecha-
nism has to be specified. This property distinguishes a 
computational model from a linguistic theory, which 
normally deals with higher-level routines and does 
not delve into details, a fact that makes such theories 
hard to evaluate. Second, unlike an experimental study 
involving human participants, the researcher has full 
control over all the input data that the model receives 
in its lifetime. This makes it possible to precisely spec-
ify those aspects of the model that are deemed innate 
(the learning mechanism and representations) and 
those aspects that are learned. Third, when running 
simulations of a model, the impact of every factor in 
the input or the learning process can be directly stud-
ied in the output (i.e., the behavior) of the model. 
Therefore, various aspects of the learning mechanism 
can be modified and the behavioral patterns that these 
changes yield can be studied. Moreover, the perfor-
mance of two different mechanisms on the same data 
set can be compared against each other, something 
that is almost impossible in an experimental study 
involving children. Finally, because of the convenience 
and the flexibility that computational modeling offers, 
novel situations, variable input, and combinations 
of factors can be simulated, and their effects on the 
model can be investigated. This approach can lead to 
novel predictions about learning conditions that have 
not been studied previously.

Despite these advantages, computational model-
ing should not be viewed as a substitute for theoreti-
cal or empirical studies of language. One should be 
cautious when interpreting the outcome of a com-
putational model: If carefully designed and evalu-
ated, computational models can show what type of 
linguistic knowledge is learnable from what input 
data. Also, they can demonstrate that certain learn-
ing mechanisms result in behavioral patterns that are 
more in line with those of children. In other words, 
computational modeling can provide insights about 
which representations and processes are most plau-
sible in light of the experimental findings on child 
language development. However, even the most suc-
cessful computational models can hardly prove that 
humans exploit a certain strategy or technique when 
learning a language. Cognitive scientists can use the 
outcome of computational models as evidence on 
what is possible and what is plausible and verify the 

suggestions and predictions made by models through 
further experimental and neurological studies.

Computational techniques have been applied to dif-
ferent domains of language acquisition, including word 
segmentation and phonology, morphology, syntax, 
semantics, and discourse. Among these, the acquisition 
of word meaning, syntax, and the association between 
syntax and semantics have been more carefully studied 
using cognitively plausible computational models that 
simulate the behavioral patterns observed in humans.

Modeling	Frameworks
The first generation of models of language were influ-
enced by early artificial intelligence techniques, includ-
ing symbolic systems of knowledge representation and 
reasoning and logic-based inference techniques, which 
were widespread in the 1960s. In this approach, the 
syntactic structure of a language is typically modeled 
as a rule-based grammar, whereas the knowledge of 
semantics is modeled through schemas and scripts for 
representing simple facts and processes. These repre-
sentations are often augmented by a set of logical rules 
for combining them and constructing larger units that 
represent more complex events and scenarios. Early 
symbolic models of language used sophisticated frame-
works for representing linguistic knowledge and infer-
ence in a transparent way but mostly ignored the role 
of experience, that is, the statistical properties of input 
and how they affect language learning and processing.

Connectionist models of cognitive processes 
emerged during the 1980s as an alternative to symbolic 
models. The architectural similarities between the con-
nectionist models and the human brain on a superfi-
cial level, and their capacity for distributional repre-
sentation and parallel processing of knowledge, made 
them appealing choices for modeling human language 
acquisition and processing, but the majority of connec-
tionist architectures required heavy training loads and 
demonstrated limited scalability to naturalistic data.

The relatively recent development of machine 
learning techniques for processing language moti-
vated many researchers to use these methods as an 
alternative modeling paradigm. Probabilistic model-
ing allows for combining the descriptive power and 
transparency of symbolic models with the flexibility 
and experience-based properties of the connection-
ist models. The acquisition of linguistic knowledge 
in these models is often formulated as an induction 
process where the most likely underlying structures 
are selected based on the observed linguistic evidence.
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Acquisition	of	the	Lexicon	
Several computational models of word learning have 
been proposed in the literature. On a high level, we 
can distinguish two main groups of models: those that 
study the association of words and meanings in isola-
tion and those that study word learning in a sentential 
context. In the first group, a number of connectionist 
models learn to link labels (or word forms) to referents 
(or meanings) from input that consists of pairings of 
a distributed phonological representation of the word 
form with a distributed representation of the referent 
of the word. These models show gradual sensitivity 
to the phonological properties of the word form and 
the relevant meaning distinctions (e.g., shape) and 
can simulate the learning of labels for familiar objects. 
The second group of models uses cross-situational 
evidence to constrain hypotheses about the meaning 
of each word. These models use full utterances paired 
with (often noisy) representations of the visual context 
as input and simulate various behavioral patterns, such 
as a sudden increase in the rate of vocabulary growth 
and the acceleration of word learning with exposure 
to more input. Extensions of some of these models 
integrate syntactic or social cues into cross-situational 
word learning.

Computational modeling of the process of word 
learning in children has been one of the more suc-
cessful cases of using computational techniques to 
study an aspect of human language acquisition. Sev-
eral experimental studies hint at a change of behav-
ior in most children during the learning process (e.g., 
vocabulary spurt), and many conflicting hypotheses 
have been proposed to account for this pattern. How-
ever, many computational models have shown that 
most of these patterns can be by-products of the sta-
tistical properties of the input that children receive. 
Most important, computational studies of word 
learning suggest that children’s behavior in this task 
is not necessarily due to a change in the underlying 
learning mechanism or to the application of highly 
task-specific constraints or biases. 

Acquisition	of	Linguistic	Structure
Learning the syntactic structure of language has long 
been considered as the core challenge of learning a 
language. It has been argued that general learning and 
problem-solving mechanisms are not sufficient to 
explain human language acquisition, and some innate 
knowledge is also needed to account for their excep-
tional linguistic skills. Most notably, the theory of 

Universal Grammar proposes that each infant is born 
with a detailed and innately specified representation 
of a grammar, which determines the universal struc-
ture of human languages. This universal grammar 
describes those aspects of grammar that are invariant 
across languages, with differences captured by a set of 
parameters that have to be adjusted over time in accor-
dance with the language to which the child is exposed. 

Several models have been developed to simulate 
this process. Typically, these models are symbolic and 
assume a relatively abstract representation of the input. 
Early models attempted to set the parameters by pars-
ing individual utterances as they come in. A problem 
with this approach is that many utterances are ambigu-
ous with respect to certain parameters. What’s more, 
language is noisy and contains ungrammatical input, 
which is problematic for these models. More recent 
models take a probabilistic approach: Parameters are 
assigned weights that reflect the amount of evidence in 
the input that support their setting. Such probabilis-
tic models are more successful in the face of noise and 
ambiguity but still struggle with the fact that param-
eters can interact and the number of parameters that 
needs to be set is relatively large (30–40), leading to a 
search space well in excess of a billion permutations.

In response to the nativist view of language learn-
ing, alternative representations of linguistic knowl-
edge have been proposed, and various statistical 
mechanisms have been developed for learning these 
representations from usage data. Analyses of large 
collections of data on child–parent interactions have 
raised questions about the inadequacy of linguis-
tic input to children. It has been shown that child-
directed data provides rich statistical cues about the 
abstract structures and regularities of language.

Recent psycholinguistic findings hint at a bottom-
up process of language acquisition, usually referred to 
as the usage-based or empirical view. Advocates of this 
view claim that children do not possess highly detailed 
linguistic knowledge at birth; instead, they learn a 
language from the usage data they receive during the 
course of learning, starting with individual items and 
gradually inducing more general and abstract struc-
tures. However, the challenge is to show how children 
move from an initial phase during which their speech 
may be frozen and lexically specific to a state where 
children show adultlike syntactic competence.

One approach aims to show that the grammar 
that best describes the corpora of child speech starts 
out relatively simple and increases in complexity as 
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children grow older. Within this approach, simple 
utterances are viewed as templates containing slots 
that can be progressively filled by more complex mate-
rials. Corpora of child speech collected at different 
ages are then analyzed with respect to the number and 
type of slot fillers or substitutions. Models within this 
approach differ with respect to the level of abstrac-
tion that is needed to describe the filler elements 
(ranging from lexically specific strings to abstract tree 
structures) but typically find that the number and 
complexity of substitutions increases with age, even 
when controlling for utterance length. While these 
models technically describe the child’s grammar, they 
have considerable computational complexity and do 
not specify how the child’s evolving grammar derives 
from the input to which he or she is exposed.

A second class of models attempts to show how 
certain aspects of child language can be understood in 
terms of the input to which children are exposed. Such 
models have been employed to meet the learnability 
problem head-on by showing that certain aspects of 
grammar that are thought to be unlearnable can, in 
fact, be learned from the input. A phenomenon that 
has received a considerable amount of attention is 
that of auxiliary fronting in question formation:

1. The boy is hungry
2. Is the boy hungry?
3. The boy who is smiling is happy
4. Is the boy who is smiling happy?
5. *Is the boy who smiling is happy?

According to linguistic theory, question formation 
works through a process of movement that results in 
the auxiliary is moving from its initial position (as in 
sentence 1) to the front of the sentence (as in sentence 
2). Sentence 3 however, poses a potential problem as 
there is a choice of two auxiliaries that might be moved. 
The correct (structure-dependent) rule is to move the 
auxiliary in the main clause of the declarative to the 
beginning of the sentence (leading to sentence 4). A 
child could equally well, however, entertain the (struc-
ture-independent) notion that the left-most auxiliary 
needs moving, leading to the incorrect sentence 5. In 
practice however, children rarely make errors such as 
sentence 5, despite the fact that correct examples such 
as sentence 3 rarely occur in the input. One line of 
modeling has focused on showing that direct evidence 
such as sentence 3 is not required in order to select 
the correct alternative from sentences 4 and 5. Instead, 

it is argued, there is sufficient indirect evidence in the 
form of word transition statistics. Thus, sentence 4 is 
more likely to be an English utterance than sentence 
5 because the word transitions in sentence 4 are more 
representative of the word transitions that are found 
in corpora of English child-directed speech. While 
models of this sort can provide evidence that certain 
dependencies are learnable from the input, they tend 
to focus on one detailed dependency rather than show 
how child speech as a whole is shaped by the input.

A third approach aims to directly simulate (cor-
pora of) child speech by learning from the input 
children hear. This approach is less concerned with 
learnability and abstraction but instead focuses on the 
fact that much of children’s early multiword speech 
is incomplete and contains many errors. Work within 
this approach has shown that early child speech can 
be understood as incomplete utterances or chunks 
that have been learned directly from the input 
through cognitively plausible biases such as primacy 
and recency effects. Common errors such as errors 
of inflection (e.g., he go) are not the result of miss-
ing abstract linguistic features like tense or agreement 
but can be produced by omitting the modal can from 
utterances like he can go or can he go. These error rates 
decrease not as a result of a maturing grammar but 
because increased lexical learning results in utterances 
becoming longer and more complete. Models within 
this approach derive much of their validity from the 
fact that common processing constraints can simulate 
data from different languages. While these models can 
successfully show what areas of language acquisition 
can be understood without assuming abstract knowl-
edge, their lack of abstraction means they are likely to 
struggle to explain later stages of development. 

Models of syntax acquisition have thus shown 
that the grammars that describe children’s speech 
can be characterized as developing from very con-
crete to increasingly abstract as children grow older. 
They have furthermore confirmed that there is more 
information in the input than has traditionally been 
assumed, suggesting that children’s ability to avoid 
certain errors reflects input characteristics rather than 
innate linguistic knowledge. Additionally, it has been 
shown that certain frequent errors in child speech can 
be understood, not in terms of missing abstract lin-
guistic features, but instead in terms of input-driven 
learning resulting in the omission of words, or other 
linguistic units such as syllables or morphemes, from 
target utterances. However, while individual models 
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have been successfully applied to specific areas of the 
learnability problem, many challenges remain for a 
complete model of language acquisition. 

Form-Meaning	Associations
The representation and acquisition of syntax have his-
torically been studied independently of the meaning 
of the words in an utterance. However, words are put 
together to convey a meaning, and the acceptability of 
an utterance is determined by the semantic properties 
of its relational words and the arguments they take. 
This is particularly noticeable in the domain of verb 
use, on which much research has focused. The main 
challenge for models of verb learning is to explain 
how the semantic and syntactic relations between a 
verb and its arguments are acquired and how such 
verb-specific associations are related to more general 
and abstract regularities or constructions.

As in other aspects of language acquisition, the 
association between syntactic form and semantic 
content has been attributed to innate representations 
of linguistic knowledge. According to the semantic 
bootstrapping hypothesis, innate linking rules map 
semantic roles (e.g., agent and patient) onto poten-
tial syntactic functions (subject and object). Alterna-
tively, a usage-based approach suggests that children 
move from relatively verb-specific roles such as hitter 
and thing hit to more general schemas that pair a spe-
cific syntactic form (e.g., the directed motion transi-
tive, as in Joe hit the ball) with a meaning (X causes 
Y to move).

Computational modeling has been used to inves-
tigate each of these proposals. Nativist models that 
attempt to learn the associations between the syn-
tactic and semantic properties of words tend to rely 
on extensive prior knowledge, either in the form of 
innate linguistic categories and combination rules or 
in the form of a structured hypothesis space and its 
prior probabilities. In contrast, a number of connec-
tionist models simulate the assignment of thematic 
roles to the arguments of common verbs on the basis 
of a number of cues such as the identity and seman-
tics of verbs and their arguments.

More recent work has focused on the acquisition 
of abstract form-meaning associations (or construc-
tions) on the basis of individual verb usages. These 
models are trained on child-directed utterances, each 
paired with the semantic properties of the corre-
sponding event and its participants (including their 
thematic roles). Computational simulations of these 

models demonstrate an initial stage characterized 
by conservative employment of the more frequent 
usages for each individual verb, followed by a phase 
when more general patterns are grasped and applied 
overtly. This phase leads to occasional overgeneral-
ization errors and an eventual recovery from making 
such errors after receiving additional language input.

Models of learning form-meaning associations 
in language suggest that meaningful associations 
between syntactic forms and semantic features can 
be learned using appropriate statistical learning tech-
niques. More important, probabilistic frameworks 
for representing and using these associations reflect 
a natural interaction between item-specific mappings 
between words and their arguments and more general 
associations at the level of constructions. However, a 
detailed model of the acquisition of form-meaning 
associations that reflects the semantic complexities of 
naturalistic input data is still lacking.

Main	Challenges
Developing computational algorithms that capture 
the complex structure of natural languages is still an 
open problem. It is often difficult to compare differ-
ent models and their findings due to the incompat-
ible resources and evaluation techniques they employ. 
Moreover, there are few resources available that pro-
vide realistic semantic information that resembles the 
input data that children receive. 

The complex structure of natural languages 
has resulted in computational models focusing on 
restricted and isolated aspects of learning a language. 
Simplification is usually unavoidable when studying 
a complex problem, but the interaction between vari-
ous aspects of linguistic knowledge and the time line 
of their acquisition is one of the main open questions 
that needs to be investigated.
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these objects understood as perceptual variants of 
one kind of thing, animals. In tasks examining under-
standing of naïve physics, infants recognize and make 
inferences involving properties such as containment, 
occlusion, and support relations. Traditionally, early 
cognitive development was characterized as context 
bound and dependent on similarity among objects. 
However, more recent research indicates that infants 
tend to focus on events and their outcomes rather 
than object similarities from one context to another. 
Meaning is not derived from the mere appearance of 
things; something more is required. How to under-
stand what that something is and how it is represented 
has been the topic of considerable research. 

Development	of	Categorization	Skills
Categories can be viewed in two ways: by extension 
(where the boundaries are drawn among categories) 
or by intension (what the items within the boundar-
ies have in common). A novel object can be consid-
ered a member of a particular category by extension. 
For example, on encountering a little model of an 
anteater, infants may extend their notion of animal 
to this unfamiliar item. However, the infant does not 
extend animal membership to a vehicle or a furni-
ture item. This means that the infant already has a 
concept of what an animal is, for example, as some-
thing that starts to move by itself. Because infants are 
innately attracted to motion (particularly biological 
motion), motion parameters may be the first cues 
used, and thus provide the foundation for under-
standing different kinds of things such as animals 
and vehicles.

The intension of a category is its meaning; that is, 
items belong to the same category because they are 
of the same kind or have the same functions, such 
as the capacity to move itself. Examining the ways 
infants treat objects in a given category reveals what 
they consider to be the common thread among those 
objects. For example, infants will give a replica of 
an anteater a drink or put it in a bed, making use 
of properties associated with things they know that 
move themselves. However, they do not readily dem-
onstrate actions related to animals to nonself-movers 
such as furniture.

Infants as young as 6 or 7 months show catego-
rization of animals, vehicles, furniture, and plants, 
all globally defined categories. If the experimenter 
models properties such as drinking incorrectly (e.g., 
using a cup to give a drink to a vehicle), the infant 
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Conceptual	Foundations	of	
Early	Word	Learning
Infants begin to understand language in the second 
6 months of life. Although language learning takes 
place in social contexts, the conceptual meanings that 
enable such learning to begin occur both with and 
without the presence of others. The conceptual foun-
dations for language in the first year of life are based 
on what has been called Perceptual Meaning Analy-
sis, which describes the conceptual primitives most 
likely to underlie cognitive thought. In recent years, 
researchers have found that infants comprehend 
more about the world than developmental psycholo-
gists used to assume. For example, long before their 
motor systems are coordinated enough to retrieve an 
object from various hiding locations, infants watch 
such events and learn to anticipate what happens. By 
3 months, they can make conceptual inferences, and 
by 6 months, they begin to recall the past. In addition, 
flexible and generalizable learning is evident in exper-
iments such as those investigating categorization and 
what is now called naïve physics.

In categorization tests, infants as young as 3 
months can distinguish the appearances of dogs from 
cats or birds, but not until around 6 to 7 months are 
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is reluctant to imitate him or her. However, after see-
ing the experimenter model a drinking activity with a 
dog, infants will generalize this action throughout the 
domain of animals. The process is an inductive one, as 
evidenced by the fact that they generalize to situations 
they have not seen before, such as giving a fish a drink 
or placing it in a bed to sleep. Knowing that fish drink 
and sleep comes from knowing that they belong to the 
animal domain and what animals do.

Although infants rarely overgeneralize domain 
properties (e.g., they do not demonstrate drinking 
with a vehicle), the properties that divide one basic-
level category from another do tend to be initially 
overgeneralized. (Basic level refers to a subcategory of 
a domain; e.g., dogs and fish are basic-level catego-
ries of animal.) Even after being shown an appropri-
ate association between two items, infants will often 
extend the association to other items in the same 
domain. For example, on demonstrating a bird being 
placed in a nest or a dog chewing a bone, toddlers 
often put both a bird and a dog in a nest or give both 
a dog and a bird a bone to chew on. Such results are 
examples of a good deal of research showing that 
infants and young toddlers attend to activities more 
than to the perceptual details of objects. Not until 18 
to 24 months of age do they begin to figure out the 
details of which property belongs with which kind 
of basic-level category. Then, the bird belongs in the 
nest, and the bone belongs to the dog. Similar find-
ings are evident within other domains. Figuring out 
that cups but not fry pans are used for drinking and 
that flowers, but not trees, are sniffed is learned well 
after conceptualizing utensils and plants. During this 
period when infants are overgeneralizing properties 
of basic-level categories, they are also overextending 
basic-level nouns. This is apparent both in their pro-
duction and comprehension.

Conceptual knowledge progresses via differentia-
tion and expertise: Global divisions are made first, 
then details are filled in as functional properties are 
learned, and expertise is gradually obtained. The 
properties that distinguish one category from another 
can be learned via everyday events in early develop-
ment. As language develops and is used to learn more 
about the world, individual instruction about what 
objects are (e.g., the bowl on the floor is for the dog; 
the bowl on the table is for your breakfast) is provided 
from caretakers and then later from friends and in 
formal educational settings (e.g., whales are mam-
mals, not fish). 

Naïve	Physics:	The	Infant’s	View	of		
How	the	World	Works
Evidence for understanding of the physical world 
(properties such as object permanence, containment, 
occlusion, and support) in the first year of life, carried 
out by researchers such as Renee Baillargeon and Eliz-
abeth Spelke, is revealed in experiments using meth-
ods that capture the dynamics of everyday events. In 
the violation-of-expectation paradigm, infants are 
shown possible events and, through the use of illu-
sions, impossible ones. The rationale of such tasks is 
that when infants glean that the outcome of an event 
is unusual or impossible, they look at it longer. Lon-
ger looking is reasonable in light of extra processing 
time and contemplation of an unusual outcome. For 
example, infants begin to learn about support events 
around 4 to 5 months of age. If an object is held in 
the air and then let go, infants expect it to fall. How-
ever, if the object hovers in midair without contacting 
any other object, infants look longer at this outcome. 
Variations of this technique have also been used to 
explore expectations about occlusion events, contain-
ment, and other aspects of object permanence.

Results of the naïve physics experiments show a 
developmental progression, one that begins and pro-
gresses at rates that differ according to the property 
tested. As infants attend to events, they initially pick 
up on some aspects while missing others. They first 
notice if a hidden object magically disappears or 
moves locations by around 2 months of age, but they 
often do not pick up on size, shape, pattern, or color 
change, especially if such attributes are not relevant to 
the event in which the object was seen. In this sense, 
their initial construal of events is impoverished, but 
with more experiences, infants learn to predict out-
comes with more precision. For example, the devel-
opmental progression for understanding occlusion 
of an object moving behind a board with a window 
cut out of it (such that occlusion occurs behind some 
parts of the board but not from behind the window 
opening) depends on whether the board’s lower edge 
is continuous with the supporting surface. 

So, 3-month-olds do not seem to notice that the 
object moving behind the occluder is not visible when 
it should be, 3½-month-olds notice if an object is tall 
enough to be seen in the window opening, 4-month-
olds notice if an occluder is wide enough to hide an 
object behind it, and 7½-month-olds notice if an 
occluder is opaque and hiding the object behind it 
or transparent so that the object can be seen. These 
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properties (relative sizes of objects occluding and 
being occluded, opaqueness, or transparency) are crit-
ical in figuring out if one object can be hidden behind 
another. When an occluded object reappears, infants 
do not notice if it still has the same surface pattern-
ing until around 7½ months or is the same color until 
11½ months, suggesting they have not attended to 
these aspects and so do not notice the change.

Infants begin learning about containment equally 
early. For example, they know by 3½ months that 
a container must have an opening if something is 
to go inside, and if the container moves, so does 
what is inside it. However, if a container is also 
an occluder, infants more slowly learn to discern 
whether an object is hidden behind the container 
(by 4½ months) or inside it (7½ months). Addition-
ally, the relationship between an object’s height and 
whether it will still be seen when moving into a con-
tainer is learned slowly: Height is taken into account 
at 3½ months for occlusion events, but not until 7½ 
months for containment events, and even later for 
covering events (12 months).

Another technique used to evaluate early cogni-
tive accomplishments and to assess linguistic under-
standing is to show infants animated objects that 
demonstrate changes in motion. For example, the 
infant sees a cartoon star that is cartwheeling across a 
television monitor. A voice may say a nonsense word 
with instructions such as “Fepping! See fepping!” The 
unknown word can be interpreted as the manner in 
which an object moves (cartwheels) or as the path 
of motion the object travels (zigzagging across the 
screen). Interpretation is tested using another shape 
that cartwheels or zigzags across the screen. The scene 
the infant looks at longer while hearing “Fepping!” 

provides a clue as to which action the infant con-
siders most salient or most likely to match up with 
the novel word. In this way, 7-month-olds have been 
shown to distinguish manner and path of motion 
without linguistic cues; 7-month-olds use linguistic 
cues (e.g., “fepping”) for path, and 10-month-olds 
use them for manner.

Attention to the difference between path and man-
ner will change as infants begin to learn language. For 
example, English has been described as a manner lan-
guage in which verbs often express how a motion on a 
path is performed (run or walk), whereas Turkish is a 
path language in which the verb expresses motion on 
a path, but how it is performed is usually in adverbial 
form (e.g., go runningly). This difference results in dif-
ferential attention to aspects of motion by speakers of 
the two languages. A similar example occurs for con-
tainment. Both Korean and American infants between 
9 and 14 months distinguish between tight and loose 
containment, but English has no single word for con-
tainment that differentiates the two, whereas Korean 
has more than one. Over the next few years, attention 
to the distinction between tight and loose contain-
ment wanes for English-speaking children (and on 
into adulthood), whereas Korean children maintain 
their attention to it and continue to do so as adults. 

Constructing	an	Event	Representation
To address how meaning is constructed from a com-
bination of innate biases (such as attention to biologi-
cal motion) and the analysis of motion events, Jean 
Mandler proposed that infants engage in Perceptual 
Meaning Analysis, an attention-guiding mechanism 
that translates information about motion events into 
a schematic form (called image schemas). Infants 

PATH THING

START PATH ±MOTION

END PATH BLOCKED MOTION

PATH TO ±CONTACT

LINK LOCATION

CONTAINER MOVE (BEHIND)

 (IN)TO MOVE OUT OF SIGHT (-SEEN)

 (OUT) OF MOVE INTO SIGHT (SEEN)

Table	1 Spatial primitives thought to underlie the earliest conceptual meanings

Note: States associated with paths and motion are in parentheses.
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analyze motion in terms of the paths things take; how 
an object starts and stops; interactions among objects, 
such as one item entering or exiting a container or 
an occlusion relation; and whether an object starts to 
move with or without contact with another object. 
These are examples of conceptual primitives, either 
innate or very early learned. The primitives provide 
meanings that combine to form image schemas, which 
enable infants to understand events. Infants as young 
as 5 months recognize when objects take a PATH TO 
a place, that is, engage in goal-directed behavior; this 
teleological understanding of goals is understood many 
months before any understanding of the mental inten-
tion to do something. As early as 3 months, infants also 
recognize the interactive nature [LINK] of the move-
ments of people and other animals with each other, for 
example, going hand in hand or chasing one another.

Animals engage in all the relations printed in capi-
tals and listed in Table 1. As an example, the infant 
might observe someone start to move of their own 
accord [START PATH; -CONTACT], take a PATH 
TO a location, pick up and play with something there 
[END PATH; LOCATION, LINK, THING], and dance 
about a bit [+MOTION]. They may then put the item 
in a cardboard box, [(IN)TO CONTAINER, MOVE 
OUT OF SIGHT], shake the box [+MOTION], and it 
falls out [MOVE INTO SIGHT] but then rolls behind 
a couch [MOVE BEHIND].

In contrast, vehicles do not start on their own, 
although it may appear that way to young infants 
when they see cars start up at stoplights by themselves 
[START PATH, -CONTACT]. Some vehicles travel 
along roads [+MOTION; PATH], go into garages 
[MOVE OUT OF SIGHT; (IN)TO; CONTAINER] 
but do not appear to interact with other things 
[-LINK]. With luck, they do not make contact with 
other objects that may get in the way [BLOCKED 
MOTION]. As a still greater contrast, furniture either 
does not move at all [-MOTION], or if it does, it is 
only with contact [+MOTION; +CONTACT].

As can be seen in these examples, the conceptual 
primitives listed in brackets could apply in various 
ways depending on one’s perspective on the events and 
how each event progresses. As mentioned before, the 
specifics of the objects are not important for this kind 
of learning. What the spatial primitives do is build 
event structures in which various kinds of objects 
serve similar functions, acting as what Katherine Nel-
son called slot-fillers. Whereas Nelson’s focus was on 
how object categories are conceptually understood by 

slightly older children in terms of the roles they play 
in everyday events, her view fits well with the present 
proposal that young infants are focusing on the spatial 
properties of events. As an example, when one is eating 
breakfast, one learns about foods, dishes, utensils, and 
cleaning supplies in the context of seeing the table set, 
having a bib put on, eating, and watching cleaning up. 
These activities can be described using the listed spa-
tial primitives. The objects may not be initially detailed 
other than to distinguish that they are food, dishes, 
utensils, and cloth things—global categories that may 
or may not be conceptually specified according to their 
respective basic-level categories until around age 2.

There are likely to be some primitives missing from 
the list above, such as OPEN and CLOSED or UP and 
DOWN. Such relations are perceived, of course, but 
their conceptual roles in early infancy are not yet cer-
tain; determining the meanings that infants know 
when they first begin to learn language is still a work 
in progress. For example, before the end of the first 
year, infants recognize the names for various foods 
and body parts, although we do not yet know exactly 
how they are interpreted. We do know, however, 
that nonspatial concepts are late. Color, temporal, 
emotional, and other bodily concepts all take many 
months or years to achieve. Not surprisingly, then, 
the vast majority of the earliest words infants learn 
refer to objects and events taking place in space.

Laraine McDonough
Brooklyn College, City University of New York

Jean M. Mandler
University of California, San Diego

See	Also:	Category-Based Induction; Event Perception 
and Language Development; Interrelationship of 
Language and Cognitive Development (Overview); 
Motion Expression; Over-Extension and Under-Extension 
in Word Learning; Semantic Development; Spatial 
Cognition and Language Development.
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Connectionist	Models	of	
Language	Development
Connectionism is an important theoretical framework 
as well as a computational tool for the study of mind 
and behavior. The approach gained popularity in the 
late 1980s, when David Rumelhart, James McClelland, 
and the PDP Research Group published two volumes 
on connectionism, although the connectionist ideas 
originated many years before then. Connectionism is 
often equated with two other names, Parallel Distrib-
uted Processing (PDP), or artificial neural networks, 
because it advocates that learning, representation, and 
processing are parallel, distributed, and interactive 
in nature. Connectionism also argues for the emer-
gence of human cognition as the outcome of large 
networks of processing units that interact simultane-
ously according to basic neural principles. Language 
as a hallmark of human behavior has received in-
depth treatment since the beginning of connection-
ist research, as shown in the many chapters on speech 
perception, language development, and sentence 
comprehension in the volumes of David Rumelhart 
and colleagues. In particular, language development 
entails complex cognitive and linguistic constraints 
and interactions, and connectionist models provide 

insights into how these constraints and interactions 
may be realized in the natural learning context. Con-
nectionist models highlight the interactive nature of 
linguistic cues in language development, and thus 
bear close resemblance to other functional models in 
psycholinguistics, such as the competition model of 
Elizabeth Bates and Brian MacWhinney, which argues 
that language acquisition and language processing 
involve the collaboration and competition of multi-
ple cues that operate differently in different languages 
and across developmental stages.

Basic	Architecture
The development of connectionism was largely moti-
vated by what Elizabeth Bates and Jeff Elman called 
the Second Computer Metaphor, a more neurally 
inspired computational thinking of the human mind. 

This metaphor differs from the First Computer 
Metaphor, which treated the human mind as a serial 
digital computer of the von Neumann type (e.g., sep-
aration of processor and memory, symbol manipula-
tion, and modular architecture). In the second com-
puter metaphor, one conceptualizes the human mind 
with reference to properties of the human brain. 
Specifically, the human brain consists of a huge net-
work of nerve cells with billions of interconnected 
neurons and trillions of synaptic connections among 
these neurons. At the individual neuronal level, the 
electrochemical processes for information transmis-
sion are relatively simple—going from cell bodies to 
axons and passing through a synaptic cleft to reach 
the dendrites of another neuron, and involving action 
potential propagation and neurotransmitter traffick-
ing along the chain. It is at the neuronal network level 
that information processing becomes more interest-
ing and also more complicated, given that a single 
neuron can be connected to thousands of other neu-
rons. The strengths of their synaptic connections (the 
effectiveness of signal transmission across synapses) 
are not fixed, and it is the changes that occur in syn-
aptic strength that determine the neuronal teamwork. 
The ability of the human brain to derive the optimal 
strengths for a neuronal network in solving any given 
problem is the basis of neural information processing 
that has inspired connectionist theories of learning, 
memory, and language.

Considered against the backdrop of brain-style 
computation of information processing, connection-
ist models are built with two fundamental properties: 
simple processing elements (units, nodes, or artificial 
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neurons) and connections among these processing 
elements. Like real neurons, a node receives input 
from other nodes. The input signals are accumulated 
at the receiving node and further transformed via a 
mathematical function (e.g., a sigmoid function) to 
determine the activation value of the node. A given 
connectionist network can have varying numbers of 
nodes, with activations spreading from node to node 
via the corresponding connections, either within 
the same level or across levels. Like real synapses, 
the connections can have different levels of strength 
(weights), which can be adjusted according to learn-
ing algorithms. In this way, the network can develop 
unique combinations of weights and activation pat-
terns of nodes in representing (thus memorizing) dif-
ferent input patterns from the learning environment. 
The weights and activation patterns in connectionist 
models are continuously adapted during learning; 
it is this adaptive process that makes connectionist 
networks interesting models of human cognitive and 
linguistic behaviors. Different connectionist networks 
use different algorithms to adjust weights to achieve 
learning success. These algorithms can be classified 
roughly into two groups: supervised and unsuper-
vised learning. Details about some important learn-
ing algorithms are provided later when this entry 
introduces some classic connectionist models.

Connectionist language researchers have been 
concerned with how to actually represent linguistic 
information in their models. A crude way is to use 
the so-called localist representation, in which each 
concept or word, for example, corresponds to a sin-
gle, unitary processing unit in the network. Another 
approach uses distributed representations, which rely 
on global patterns of activation across common sets 
of units to represent each concept or word. In this 
latter approach, different activation patterns could 
represent different words, and overlap among these 
distributional patterns is permitted. The larger the 
overlap is, the more similar the words are in the repre-
sentation. In general, connectionist models embrace 
distributed representations, given the flexibility and 
linguistic reality of such representations.

Models	of	U-Shaped	Learning
Many connectionist models of language develop-
ment have been developed in the past 25 years, but 
the most well-known model is the pioneering work 
on the acquisition of the English past tense, a model 
that aimed at providing a mechanistic account of 

so-called U-shaped learning. Empirical studies have 
shown that young children tend to follow a U-shaped 
trajectory in learning the irregular past tenses in Eng-learning the irregular past tenses in Eng-irregular past tenses in Eng-s in Eng-
lish: At first, they seem to have mastered the past-tense 
forms of a few (highly frequent) verbs (e.g., went or 
broke); at the second stage, they start to produce errors 
that are not seen at the earlier stage (e.g., saying goed 
as the past tense of go or breaked as the past tense of 
break); finally, children recover from these errors, and 
show correct use of both regular and irregular past 
tense forms. This type of U-shaped phenomenon has 
been interpreted by investigators like Steven Pinker 
and Alan Price as indicating two separate mechanisms 
underlying children’s acquisition of verb past tenses: 
one involving rote memory to create dictionary-like 
entries for the past tense forms of irregular verbs, and 
the other involving explicit representation of a rule 
to apply the suffix –ed to regular verbs. According to 
this dual-mechanisms theory, children first learn past 
tense forms only through rote memorization; hence 
the correct use of a few irregular forms such as went 
and broke. The errors at the second stage represent 
the child’s discovery of a general rule controlling the 
formation of English regular past tense forms; at this 
stage, children over-apply the rule to any new verb, 
including irregular verbs, leading to over-generalization 
errors. In the end, children realize that there are rules 
and exceptions, and finally acquire both the regular 
and irregular forms by using the dual mechanisms.

While this dual-mechanism hypothesis seemed to 
account for the empirical data, David Rumelhart and 
James McClelland introduced a simple feed-forward 
connectionist model (the R&M model) to simulate 
this U-shaped pattern of acquisition. The R&M model 
is a pattern associator that forms a strong connection 
between a verb’s stem and the phonological form of 
its past tense, given the input of the verb stem. There 
are no dual mechanisms built into the model—only 
statistical associations for input–output relation-
ships between verb stems and their corresponding 
past tense forms. Yet, the R&M model was able to 
show the U-shaped patterns of learning based on a 
single mechanism with no explicit rules. The R&M 
model provided a new way of thinking about linguis-
tic knowledge—that the notion of a rule might not be 
a necessary component of language representation. 
However, Pinker and Prince criticized the R&M model 
and connectionist models in general as unrealistic and 
having fundamental flaws in capturing the details of 
natural language and its acquisition by children.
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The debate on dual mechanisms (with rules and 
exceptions) versus connectionist principles contin-
ued for a long time after the R&M model and the 
Pinker and Prince criticism. Kim Plunkett and Vir-
ginia Marchman introduced a new multilayer con-
nectionist model (instead of a two-layered pattern 
associator) to simulate the past tense problem. This 
model had an architecture with information feed-
ing forward through three layers of nodes: an input 
layer, a hidden layer, and an output layer. The input 
layer receives information from input patterns (e.g., 
phonological representations of verb stems), the out-
put layer provides output patterns produced by the 
network (e.g., phonological representations of past 
tenses), and the hidden layer forms the network’s 
internal representations as a result of the network’s 
learning. The model uses a supervised learning algo-
rithm known as backprfiopagation, which allows 
the network to continuously update the connection 
weights between layers. It works by detecting the 
discrepancy (or error) between the actual output 
(produced by the network based on the current con-
nection weights) and the desired output (the correct 
past tense form), and the error is propagated back 
each time to the network so that the relevant connec-
tion weights can be changed relative to the amount 
of error. Continuous weight adjustments in this way 
lead the network to fine-tune its connection weights 
in response to regularities in the input–output rela-
tionships, thereby producing the correct output (past 
tenses) at the end of learning. Using this architecture, 
Plunkett and Marchman were able to identify the 
U-shaped trajectory and simulate over-generaliza-
tion errors produced by children. More important, 
the model captured the important role of type versus 
token frequencies of verbs in the learning of English 
past tenses, avoiding many of the problems of the 
R&M model criticized by Pinker and Prince (e.g., 
staged input for regular versus irregular forms, which 
was unrealistic in child learning).

Several other connectionist models have also been 
developed to simulate the learning of other types of 
grammatical morphology, for example, plural forma-
tion of nouns, grammatical and lexical aspect, and 
reversive prefixes of verbs. These models all demon-
strate that single mechanisms such as those embodied 
in connectionist learning can account for the acqui-
sition of complex grammatical structures without 
recourse to the existence of separate mechanisms of 
linguistic rules (e.g., regular past tense formation) 

versus associative exceptions (e.g., irregular past tense 
mappings) as suggested by Pinker and colleagues.

Models	of	Syntax	Development
Learning of syntax holds a special status in language 
development, as syntactic structures (e.g., hierarchi-
cal recursive structures) have formed the backbone of 
modern linguistic theories (e.g., generative linguis-
tics). While nativists would like to argue that humans 
have innate, genetically determined predispositions 
for language, or at least for aspects of syntax (cf. 
Noam Chomsky’s Universal Grammar), connection-
ist researchers believe that linguistic representations 
could emerge during learning from the processing 
of linguistic input in neural networks (see the R&M 
model above on linguistic rules). However, it has been 
challenging to connectionists to demonstrate that 
their models can learn syntactic structures. To address 
this issue, Jeff Elman developed an important connec-
tionist model based on a multilayered connectionist 
architecture: the Simple Recurrent Network (SRN). 
As can be seen in Figure 1, the SRN combines the clas-
sic three-layer backpropagation learning with a recur-
rent layer of context units. During the training of an 
SRN, temporally extended sequences of input patterns 
(e.g., sequences of words within sentences) are sent 
to the network, and the goal or target of the network 
is to predict the upcoming items in each sequence 
(i.e., predicting the next word as the output, given the 
current word in the sentence as the input). Similar to 
the backpropagation learning, the SRN achieves this 
goal by modifying its weights. The context units, how-The context units, how- context units, how- units, how-
ever, keep a copy of the hidden-unit activations at a 
prior point in time, which are then provided along 
with the new input to the current stage of learning 
(hence recurrent connections). This method enables 
connectionist networks to effectively capture the tem-
poral order of information because the context units 
serve as a dynamic memory buffer for the system. 
Given that language unfolds in time, the SRN there-
fore provides a simple but powerful mechanism to 
identify structural constraints in continuous streams 
of linguistic input.

Elman has successfully applied the SRN model to 
learn the hierarchical recursive structure of English 
sentences. In his simulations, he would provide sim-
ple sentences first to the SRN (e.g., the mice quickly 
ran away), followed by complex ones (the mice the cat 
chases quickly ran away) and then the most complex 
structures (the mice the cat the dog bites chases quickly 
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ran away). The model’s success relied on (1) the recur-
rent architecture in which temporal order information 
can be recorded and (2) the starting small principle, 
in which the network was trained on incrementally 
more and more complex sentences with hierarchi-
cal recursive structures seen in relative clauses with 
center embedding. These characteristics of the model 
show that connectionist models can, on the one hand, 
develop temporal representations based on working 
memory mechanisms and, at the same time, simulate 
stages of syntactic acquisition by separating the contri-
butions of memory and language complexity.

Models	of	Lexical	Development	
Children’s early lexical development is another lively 
debated area in language development. Several con-
nectionist models have been developed to simulate 
the phenomenon of a vocabulary spurt—the sud-
den acceleration of word learning that often occurs 
when a child is 18 to 22 months old. Kim Plunkett 
and colleagues presented a multilayered auto-asso-
ciative network that showed a vocabulary spurt in 
both comprehension and production. Terry Regier 
provided a connectionist model that accounted for 

the occurrence of rapid vocabulary learning 
by highlighting increases in children’s selec-
tive attention as vocabulary increases.

A number of connectionist models of lexi-
cal development have also been based on Self-
Organizing Maps (SOM), which is a type of 
unsupervised learning algorithm developed 
by Teuvo Kohonen. A SOM usually consists of 
a two-dimensional topographic map for the 
organization of input representations. Instead 
of using explicit error signals at the output level 
to adjust the weights (as in backpropagation), 
the SOM algorithm identifies all of the incom-
ing connection weights to each unit on the 
map, and for each unit, it compares the com-
bination of weights (weight vector) with the 
combination of values in an input vector (e.g., 
the phonological or semantic representation 
of a word). If the unit’s weight vector and the 
input vector are similar or identical by chance, 
the unit will receive the highest activation and 
is declared the winner. Once a unit becomes 
highly active for a given input, its weight vector 
and that of its neighboring units are adjusted 
such that they become more similar to the 
input and hence will respond to the same or 

similar inputs more strongly the next time. This pro-
cess continues until all the input patterns elicit specific 
response units in the map. As a result of this self-orga-
nizing process, the statistical structure implicit in the 
input is captured by the topographic structure of the 
SOM and can be visualized on a two-dimensional map 
as meaningful clusters.

Recently, Ping Li, Xiaowei Zhao, and Brian Mac-
Whinney introduced the Developmental Lexicon II 
(DevLex-II) model, which is a SOM-based develop-
mental framework of language acquisition. DevLex-II 
successfully simulates patterns of early lexical devel-
opment, including the vocabulary spurt. As can be 
seen in Figure 2, DevLex-II includes three basic levels 
for the representation and organization of linguistic 
information: phonological content, semantic content, 
and the output sequence of the lexicon. The core of the 
model is a SOM that handles lexical-semantic repre- repre-repre-
sentation. This SOM is connected to two other SOMs, 
one for input (auditory) phonology and another for 
articulatory sequences of output phonology. Upon 
training, the semantic representation, input phonol-
ogy, and output phonology of a word are simultane-
ously presented to and processed by the network. This 

Figure	1 A Simple Recurrent Network (SRN) trained on sequences 
 of the N-V-N sentence structure

Source: Ping Li

/d cg/ /d/…/ c/…/g/
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process can be analogous to 
a child’s analysis of a word’s 
semantic, phonological, and 
articulatory information upon 
hearing a word. The asso-
ciative connections between 
maps are trained via the Heb-
bian learning rule, which states 
that the weights of the asso-
ciative connections between 
co-activated nodes on two 
maps will become increasingly 
stronger as learning or train-
ing progresses (i.e., if they are 
frequently co-activated). The 
interconnected SOMs, along 
with the Hebbian associative 
weights, allow the researchers 
to simulate word comprehen-
sion (the activation of a word 
meaning via links from the phonological SOM to the 
semantic SOM) and word production (the activation 
of phonetic sequences via links from the semantic 
SOM to the output sequence SOM).

Trained with inputs derived from real linguistic 
input (CHILDES parental corpus), the DevLex-II 
model has been able to account for a wide variety of 
patterns in early lexical development, including the 
vocabulary spurt. Specifically, in DevLex-II, devel-
opmental changes such as the vocabulary spurt are 
modulated by lexical organization along with input 
characteristics. Once the patterns in the intercon-
nected SOMs have consolidated, associative connec-
tions between the maps can be strengthened reliably 
through learning to capture systematic structural rela-
tionships between forms and meanings. At this point, 
word learning is no longer hampered by uncertainty 
and confusion on the maps, and the vocabulary spurt 
occurs. This approach is highly consistent with recent 
perspectives in developmental psychology and cogni-
tive neuroscience, according to which early learning 
has a cascading effect on later development and learn-
ing itself shapes the cognitive and neural structures.

Models	of	Second	Language	Development	
In contrast to the flourish of research on connectionist 
modeling of first language acquisition, there have been 
only a handful of neural network models designed 
specifically to account for second language learning, 
although this number is growing. Robert French and 

Maud Jacquet presented a connectionist model of 
bilingual language learning based on the SRN struc-
ture and showed that distinct lexical representations 
can develop from the learning of mixed bilingual input 
at the sentence level, which is presumably received by 
bilingual children from an early stage in a simultane-
ous bilingual environment. The model provided sup-
port to the hypothesis that the bilingual input itself is 
sufficient for the development of distinct mental rep-
resentation of each language without invoking sepa-
rate processing mechanisms for different languages. 
Other more recent connectionist models point to the 
complex interactive dynamics underlying the repre-
sentation of multiple languages, providing data from 
simulating critical variables such as age of acquisition, 
language proficiency, and memory resources in an 
effort to account for bilingual learning with reference 
to competition, entrenchment, and plasticity.

Xiaowei Zhao and Ping Li also extended their Dev-
Lex-II model to study the development of bilinguals’ 
lexical representation. The model was trained to learn 
1,000 English and Chinese words, with different onset 
times for the learning of the second language (L2, either 
English or Chinese) relative to that of the first language 
(L1, either Chinese or English). The modeling results 
indicate that, when the learning of L2 is early relative 
to that of L1, functionally distinct lexical representa-
tions may be established for both languages. However, 
when the learning of L2 is significantly delayed rela-
tive to that of L1, the structural consolidation of the 

Figure	2 A sketch of the DevLex-II model .

Source: Ping Li
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L1 lexicon becomes a hindrance to the L2 for estab-
lishing its distinct and independent lexical represen-
tations. The findings from DevLex-II provide a com-
putational account of the age of acquisition effect by 
reference to the dynamic interaction and competition 
between the two languages competing in the bilin-
gual mind. Instead of using age (and the maturational 
changes that accompany age) as the basis of the critical 
or sensitive period of language acquisition, this model 
points to the cascading effects of learning across devel-
opmental times as the explanatory mechanism under-
lying critical period effects. The reduced plasticity in 
L2 learning could be seen as the result of structural 
changes due to the learning system’s experience with 
L1, in that L1 consolidation adversely impacts the sys-
tem’s ability to reorganize and restructure L2 relative 
to L1. This type of explanation is also entertained in 
other computational models that have examined age 
of acquisition and more recently in a model of both 
age of L2 acquisition and working memory develop-
ment by Derek Monner and colleagues.

In recent years, computationally implemented 
models such as connectionist networks have begun 
to play more important roles in accounting for criti-
cal aspects of language development. In building 
connectionist networks, researchers need to conduct 
algorithmic and representational implementations, 
which forces the researchers to be very explicit about 
their hypotheses, predictions, materials, and testing 
procedures, while at the same time, gives the flex-
ibility of parameter selection and reliability of testing 
that are often not found in empirical studies. Other 
than simulating known patterns observed in language 
acquisition, simulation data can also be tested against 
empirical patterns yet to be obtained. Connectionist 
networks can also provide a new forum for generat-
ing novel ideas, inspiring new experiments, and help-
ing formulate new theories in language development 
given that distinct predictions can be made under 
different conditions, assumptions, or hypotheses of 
modeling.

Ping Li
Pennsylvania State University

Xiaowei Zhao
Emmanuel College
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Conversational	Implicature
Conversational implicature is a type of inference that 
emerges from a speech act but not directly through 
the meaning of the speaker’s words, according to Her-
bert Paul Grice. So, when Bill answers Alice’s question 
in (1), one could draw the implicature that his answer 
is “no,” even though he never said so outright:

(1) Alice: Has Monica’s book come out yet?
Bill: She has corrected the proofs.

Conversational implicature is to be distinguished 
from conventional implicature, which refers to prag-
matic information that is encoded in language. For 
instance, consider the conjunction but in George Cloo-
ney is famous, but he is nice; while having the same 
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meaning as and, but contrasts the two conjuncts con-
ventionally through language. As can be seen, Grice 
highlighted the distinction between core linguistic 
and pragmatically derived parts of meaning and thus 
broke new ground in philosophy and linguistics. Cru-
cial to the progress of the Gricean approach has been 
the empirical validation of this distinction and partic-
ularly through developmental studies. To appreciate 
how, consider the utterance in (2), which is said about 
a turtle that ate an entire set of pears: 

(2) The turtle ate some of the pears.

This utterance can have either a semantic or prag-
matic reading. It is semantically compatible with a 
stronger, unsaid proposition The turtle ate all of the 
pears, which also entails (2). At the same time, upon 
hearing (2), a listener is pragmatically justified to 
infer (3):

(3) The turtle has not eaten all of the pears.

The proposition in (3) is what amounts to a sca-
lar inference (or scalar implicature). Note that it is not 
linguistically encoded by (2). While accounts for this 
inference vary somewhat, John Stuart Mill’s explana-
tion remains persuasive—that it arises because the 
speaker could have used a stronger statement and 
chose not to. To appreciate this in a typical experimen-
tal trial, consider a speaker who says (2), for example, 
when all the pears have been eaten. A child’s affirma-
tive (true, right or agree) response is taken as evidence 
of satisfaction with the semantic reading, while a nega-
tive (false, wrong, or disagree) response is taken as evi-
dence that she carried out the pragmatic inference (3). 

In the first systematic investigation of scalars, Ira 
Noveck reported a developmental progression in 
which pragmatic inference-making increases with 
age; in other words, he showed that younger children 
are more likely than older ones to be satisfied with 
semantic readings. Since then, multiple studies across 
dozens of languages have replicated this developmen-
tal effect while also endeavoring to (1) explain what 
underlies it and (2) show that young children are 
more competent at such inference-making than what 
was initially indicated. 

Developmental	Accounts
Accounts for the developmental effect can be broken 
down into three kinds. One assumes a set procedure 

for scalar inference-making that includes the consid-
eration of alternatives (such as the turtle ate all the 
pears) and further proposes that children are specifi-
cally unable to retrieve these, as David Barner and Asaf 
Bachrach propose. A second account is that pragmatic 
inference-making relies on having command over a 
host of resources and procedures (involving theory of 
mind, language, memory, and so on) and that children 
are bound to be computationally less sophisticated 
than adults, especially on more demanding tasks. 
The third, according to Anna Papafragou and Julien 
Musolino, is that children differ from adults with 
respect to their expectations concerning the amount 
of information necessary to answer a question. 

Inducing	Adultlike	Performance
When pioneering studies showed that adultlike per-
formance was attained at around 7 years of age, many 
researchers found this surprising because (1) children 
have been shown to be rather accomplished at much 
younger ages with other pragmatic phenomena, 
such as word learning, states Eve Clark; and because  
(2) demonstrations of competence with theory of 
mind have been lowered (from about 4 years of age) 
through clever techniques, so it would make sense to 
find the same with respect to scalar inferences. This 
explains why many researchers have endeavored to 
make scalar inference-making manifest among chil-
dren less than 7 years of age. For example, Napoleon 
Katsos and Dorothy Bishop propose that younger 
children’s apparent preference for semantic read-
ings is due to their tolerance of pragmatic violations. 
To support their claim, the authors ran two experi-
ments. In a standard experiment, participants evalu-
ated a speaker who says, for example, (2) after a turtle 
had eaten all of the pears; in a second experiment, 
participants rewarded a speaker (with low, medium, 
and high compensation) based on how well a scene 
was described. While they found that most 5- to 
6-year-olds indicate that the speaker is right about 
(2) in the standard task, most 5- to 6-year-olds offer 
only an intermediate reward after having heard (2) in 
the same scenario but in the compensation task.

There are, of course, many other pragmatic 
phenomena, such as metaphor and irony, that fall 
under Grice’s label of conversational implicature. 
These, too, are studied by comparing semantic and 
pragmatic readings of utterances and by proposing 
procedures for the latter. Interestingly, investiga-
tions into these other pragmatic phenomena very 
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often lead to developmental patterns like the ones 
described above. 

Ira Noveck
Centre de Recherche Francais à Jérusalem 
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Conversational	Skills
Conversational skills are essential and necessary 
to become a competent speaker of a language. The 
underlying rules of conversation require that partici-
pants share a joint focus of attention, alternate their 
turns in a pattern of talking and listening, and offer 
relevant contributions that are also informative, sin-
cere, and clear (H. P. Grice’s maxims). In the course 
of development, children acquire conversational skills 
that allow them to participate in conversations and 
to communicate effectively with others. These skills 
include abilities such as: mastering the implicit rules 
of taking turns in conversation, directing the inter-
locutor’s attention, initiating and maintaining con-
versational topics, knowing how to make requests and 

refusals, asking for clarification and responding with 
repairs, taking into account the knowledge interlocu-
tors have of the verbal and nonverbal context in order 
to be informative, or taking into account previous dis-
course in order to choose the appropriate expressions. 

Taking	Turns
During the first year of life, and before contentful 
utterances can be exchanged, infants and caregiv-
ers engage in conversation-like exchanges presenting 
the pattern of alternation of turns. Although moth-
ers work harder than their infants in achieving this 
pattern, babies participate too: At 3 to 4 months, if 
the adult’s response is not temporally contingent to 
the baby’s turn, the pattern of turn alternation is dis-
rupted and the baby’s vocalizations are judged to be 
less speechlike. By 2 to 3 years of age, toddlers gain 
skill in managing their interventions, can partici-
pate in triadic conversations, and can even intervene 
appropriately in third-party conversations. At this 
time, however, they are still slower than older children 
and adults in intervening after a partner’s contribu-
tion. Turn taking can remain challenging for older 
children: In interaction with peers, children need 
more sophisticated conversational skills to manage 
interruptions, resolve overlaps, maintain the floor, 
and keep the conversation going. Preschoolers begin 
using devices such as initiating a sentence or using 
follow-up markers like and then, signaling that it 
is still their turn to talk, but these skills continue to 
develop at least until adolescence. Moreover, while 
during the first two to three years, toddlers’ conver-
sational moves tend to be either initiations or replies 
to their partner, with age, children learn to produce 
turnabouts—turns that have the double role of reply-
ing and requiring a response. These are very impor-
tant in keeping the conversation going and are very 
frequent in adult speech. 

Relatedness	and	Topic	Continuation
In conversation, turns are most often related, one to 
the content of the other. Content-related exchanges 
can be initiated by the child or by the partner and 
can be discontinued after the second turn or present 
extended thematic continuity. Children start early on 
to relate to the content of the partner’s utterances. 
During the first year, infants may simply reproduce 
segments of their partner’s utterances, and partners 
may reproduce infants’ vocalizations, giving rise to 
sequences of turns that lay down the foundation for 



 Conversational Skills  109

vocal sharing. Sequences of this kind are also observed 
in peer interaction among older children. Children 
repeat each other’s utterances as sound play to obtain 
conversational cohesion and some common ground.

During the second year, exchanges in which the 
partners’ turns are related to each other increase, with 
mothers and children contributing about equally. 
Exchanges in which the same topic is maintained 
become longer. Caregivers may respond by repeat-
ing or interpreting the children’s utterances, by pro-
viding corrections or recasts, and elaborating on the 
children’s topics. Children at first relate most often by 
repeating part of the caregiver’s utterances, and then 
they start answering questions and offering a com-
ment to the partner-initiated topic. 

In the course of the exchange, children may revise 
their utterances adaptively. At this time, children are 
more likely to respond to partners’ turns that are 
themselves replies to their own interventions than to 
partners’ turns that initiate a topic and to questions 
rather than to nonquestions. In the second part of the 
second year, children can make the topic advance by 
answering questions and providing comments. These 
conversational skills lead children to produce succes-
sive single-word utterances, a sequence of two or more 
single-word utterances relating to the same situation 
or communicative intention elaborated vertically over 
successive conversational turns. The first realizations 
are strongly anchored in the unfolding of the conver-
sation (e.g., C: Dog. M: What’s the dog doing? C: Run. 
M: Yes, he’s running.), while later, children produce 
them more autonomously (e.g., C: Dog. M: Yes, it’s a 
dog. C: Run. M: Yes, he’s running.). Successive single-
word utterances elaborated in conversation prepare 
the ground for later-to-come multiword speech and 
for progress in language development.

Relatedness does not increase steadily. Children at 
7 to 8 years produce fewer related turns than older 
children or adults; at this age, their contributions 
relate more often to the actions of their peer partners 
than to what their partners have said. As children 
develop further, they increase their skills in the use 
of cohesive linguistic devices to argue and offer sup-
porting evidence for different opinions.

Being	Informative
Mothers and children talk about present objects and 
events in a context of shared attention. Although such 
here-and-now talk is considered to be an important 
support for early language acquisition, it does not 

correspond to the conversational rule requiring par-
ticipants to be informative (without saying too much 
either). Accordingly, mature speakers use language to 
talk about internal subjective states or to evoke and 
interpret entities and events removed from the time 
and place of enunciation. In the second part of the 
second year, and when they are still dominantly sin-
gle-word speakers, children start to use language in a 
similarly displaced manner: They evoke past events, 
provide justifications for their requests, offer refusals 
or denials to optimize the chances that the interlocu-
tor will accept them, and talk about internal states 
and subjective meanings constructed in their pretend 
play. Talk about past events occurs first within con-
versations scaffolded by familiar partners, while later, 
they are more frequently initiated autonomously 
by the children and become more elaborated; their 
justifications of requests or of refusals are at first 
expressed by single-word utterances and need the 
interpretation of familiar partners to be well under-
stood, while later, they are expressed in a more widely 
understandable way (for example, a request may be 
justified early on by can’t and later by I cannot do it). 
In pretend play, children’s informative verbalizations 
are also limited but are sufficient to make subjec-
tively constructed meanings accessible to onlookers, 
particularly when the child’s verbalizations in them-
selves create pieces of pretend meanings (e.g., when 
the child says is cold to justify placing a toy quilt over 
a baby doll).

Functionally, all these different uses of language 
show that children have understood the conversational 
requirement to be informative, and that they can take 
into account, implicitly in their behavior, their inter-
locutor’s intentions and states of knowledge.

Being informative is not only a matter of keeping 
track of partners’ intentions and knowledge. Referents 
also need to be presented linguistically as a function of 
their accessibility to the interlocutor in the immediate 
context or in previous discourse. Studies of everyday 
conversations in natural settings, as well as experimen-
tal studies, suggest that, by the age of 3, children tend 
to express referents as a function of their accessibility 
to the partner, preferring lexical nouns to pronouns 
when the referent is new or not focused upon either 
in context or in previous discourse. Concerning the 
use of definite versus indefinite articles in languages 
such as English and French, which use the distinc-
tion to mark given and new information respectively, 
adequate use of the contrast, although appearing in 
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the third year, takes longer to attain adult proficiency, 
with a tendency to overuse the definite forms in places 
where an indeterminate form is needed.

These results suggest that children understand 
that the meanings of grammatical devices are not 
restricted to the realm of grammar but need to inter-
act with conversational and discursive rules. More-
over, they indicate that certain language distinctions 
may be more difficult than others to understand in all 
their complexities of use.

Conversational	Repairs
This is an important conversational skill that 
requires the ability to relate to utterances and to 
their forms. Children’s repairs may occur after the 
partner’s request or when their original utterance 
has not attained the intended goal. For example, 
children may revise their requests if their inter-
locutor neglects or refuses to satisfy them. An early 
strategy to repair a communication failure is to 
try again, sometimes simply repeating the original 
verbalization but sometimes pronouncing it differ-
ently, although not necessarily better. With increas-
ing skills, children become better able to understand 
the origin of the communication failure, and their 
repairs become more effective.

Preschoolers can differentiate general clarification 
questions (What did you say?) from specific queries 
that question only part of what the child has said (You 
want what?), providing only the questioned constitu-
ent for the latter and repeating the entire utterance 
after the former.

With very young children, most parental requests 
for clarification focus on remedying unintelligible 
child utterances. Occasionally, however, clarification 
requests are used to encourage children to elaborate 
on what they mean. This may happen with children’s 
refusals, where the partner’s demand for clarification 
invites an explanation from the child.

Differences are reported in the ways mothers and 
fathers deal with breakdowns. Conversational break-
downs occur more frequently when children interact 
with their fathers, who address them with more non-
specific queries than specific ones; mothers use more 
specific queries and continue asking clarification 
questions until the resolution of the communication 
failure; moreover, mothers, more than fathers, tend to 
return to the original topic. Variation in interactional 
styles, while more demanding on children’s abilities 
to adapt, is considered a source of progress. Children 

become better conversationalists over the course of 
development. Their conversational skills evolve from 
a very limited to a progressively clearer understanding 
of conversational rules. Competent partners behave 
according to the sociocultural rules that manage con-
versation at all times, and children can learn from the 
models they display while participating in conversa-
tion with them.

Edy Veneziano
University Paris Descartes–CNRS
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Corpus-Based	Methods
Technological advances in audio–video digitalization, 
as well as archiving, coding, and automatically access-
ing computerized files, have greatly facilitated creation 
and analysis of large databases of naturalistic child 
language. A corpus of child language is a systematic 
collection of samples of child–adult and child–child 
interactions, often recorded from spontaneous conver-
sations. With parental approval, researchers use sound 
recorders or video cameras to record children interact-
ing in various natural situational contexts with their 
parents, other caregivers, or other children. Record-
ings can be made at home or in other contexts such 
as day care or kindergarten. The initial phase of data 
collection follows a laborious process whereby the lin-
guistic information is rendered into an orthographic 
or a phonemic code transcription typically stored in 
machine-readable text files. Prosodic information is 
sometimes provided using standard prosodic anno-
tation, and extralinguistic information, such as the 
age and gender of the child, and the context of utter-
ances, are also annotated with special tags (similar to 
the HTML and XML tagging systems) for subsequent 
automatic retrieval.

Much of the usefulness of annotating and cod-
ing corpora in computerized formats lies in the pos-
sibility of running multiple queries on the entirety 
of the corpus by use of text-processing software. For 
example, if each utterance has been previously coded 
with a speaker tag, it is possible to separate adult and 
child language and further investigate what linguistic 
properties each have. Text-processing programs allow 
researchers to scan, extract, and analyze multiple pat-
terns of language from several transcribed recordings 
at once. Some corpora are explicitly tagged for mor-
phological information. Namely, every time a verb 
contains a suffix, it is coded for it (e.g., goes is coded 
as a verb with base stem plus the suffix –s). In this way, 
it is possible to extract each instance of the morpho-
logical affixes a child uses and calculate a quantitative 
measure of morphological productivity as well as the 
types of morphological omissions or errors the child 
makes at a given age. If each transcription contains age 
annotation, it is further possible to investigate at which 
age children start producing morphologically complex 
words or what type of error productions are more fre-
quent (e.g., I goed) in the third year of life and whether 
such productions are consistent across a lexical class or 
rather are more item specific. In addition, the analysis 

of the ambient language to which a child is exposed 
(e.g., parental input) is also informative in unveiling 
the relationship between input characteristics and the 
process of language development itself. 

Thus, the main advantages derived from using a 
corpus include the possibility to automatically search 
hundreds, if not thousands, of instances of a linguistic 
phenomenon under scrutiny either cross-sectionally 
with different speakers or longitudinally over time 
with a single child. Today, there exist several dedicated 
computer programs that scan and query corpora at 
multiple levels of linguistic structure. For example, 
CLAN (is a suite of commands for morphosyntac-
tic and lexical analyses, while PHON tools can access 
phonologically transcribed speech. These programs 
are freely available as part of the Child Language Data 
Exchange System and were created to be accessible by 
nonprogrammers. Other open-source computer tools 
like the Natural Language Toolkit require some pro-
gramming skills but allow quite sophisticated compu-
tational and statistical analyses.

Because child language research has largely focused 
on the early preschool years, most existing corpora 
consist of spoken language transcribed into text for 
computer readability. Speech from audio or video 
recordings is sometimes transcribed into a phonemic 
code following standard transcription practices. In 
some corpora, digitized sound or video data is linked 
to the transcribed corpus such that each utterance can 
be accessed together with the corresponding segment 
of the speech or video file. This provides access to the 
rich context in which each conversation turn took 
place as well as to detailed acoustic and prosodic prop-
erties of speech that may have been simplified in the 
transcription process. This rich amount of contextual 
information can provide researchers with data to study 
variation in children’s communicative environments.

How are corpora used in actual research? The 
availability of large, computerized samples of child 
and parental language has bolstered research of lan-
guage development. Prior to the advent of modern 
computers and corpus linguistics, theories of lan-
guage acquisition drew largely on researchers’ general 
insights, introspection and, in the best cases, con-
trolled experiments. Lack of access to rich, spontane-
ous speech data limited researchers’ ability to examine 
the time course of language acquisition as well as the 
specific features and nature of the ambient language 
to which children are exposed. Consequently, cogni-
tive mechanisms of language acquisition and their 
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developmental trajectories had to be inferred by logi-
cal reasoning based on scarcity of evidence and data. 
Today, corpus-based methods exploit the synergistic 
uses of corpora in combination with experimental and 
computer simulation methods. When corpus data are 
combined with state-of-the-art statistical, computa-
tional, and experimental methods, they enable robust 
and testable inferences about the developing linguistic 
knowledge of children.

Today, corpus-based methods include an array of 
techniques that have been used fruitfully to investigate 
(1) the specific nature of child language, (2) the type 
and amount of input the child receives and its relation 
to language development, and (3) the possible cogni-
tive and social mechanisms that support learning. In 
this way, corpora are contributing to test theories and 
advancing our knowledge of language acquisition.

Brief	History
The first collections of naturalistic child language 
were diaries. In the early 20th century, Clara and 
William Stern documented the speech of their two 
German-speaking children, and Werner Leopold 
conducted another important early documentation 
of his daughter’s language from birth to her second 
year. These studies were the first to advance propos-
als of stages of child language development. In the 
second half of the 20th century, topical diaries focus-
ing on specific aspects of language development 
produced important advances. For example, Melissa 
Bowerman documented the specific overgeneraliza-
tion errors produced by her children with argument 
structure alternations, like the causative construction 
(e.g., I’m singing him or Don’t giggle me), and Michael 
Tomasello studied the use of verbs by his daughter. 
This modern form of parental diary data focusing on 
one linguistic aspect is particularly useful in docu-
menting the early phases of a child’s productions 
around age 2, when children produce sparse one- and 
two-word utterances.

With the advent of modern recording technology, 
the verbatim transcription of entire conversations 
became possible, with more precision than the diary 
methods could afford and with older children who 
become productive beyond the two-word utterance 
phase. The pioneering studies by Martin Braine, Lois 
Bloom, and Roger Brown are considered classics of 
child language research and paved the way for a major 
advance in corpus methods. In the early 1980s, Cathe-
rine Snow and Brian MacWhinney launched a shared 

computerized database, the Child Language Exchange 
System (CHILDES). Over the years, CHILDES has 
grown to include more than 130 different corpora 
from 26 languages, amounting to more than 45 mil-
lion words of spoken language contributed freely 
by research laboratories around the world. Another 
advantage of the CHILDES database is that it encour-
ages the gradual recognition of a set of standards for 
the transcription and coding of conversations, thus 
reducing idiosyncratic practices that hamper com-
parisons of different corpora.

Nature	of	Child	Language
By applying quantitative measures to child language 
corpora, especially longitudinal corpora with data 
collected on the same child on multiple occasions over 
regular intervals, it is possible to estimate the time 
course and trajectory of language development. One 
of the first measures of development was devised by 
Roger Brown in a longitudinal recording of three chil-
dren. The mean length of utterance (MLU) is the ratio 
of morphemes over utterances and has been since used 
as a proxy for linguistic complexity. Other common 
measures include the ratio of unique words (types) 
to total number of words (tokens) and frequency dis-
tributions. A fruitful line of research in recent years 
has focused on tracing the relation between paren-
tal input and a child’s developing knowledge of lan-
guage. Under the classic view of acquisition, language 
is believed to grow on a scheduled biological time line 
akin to a body organ—relatively immune from varia-
tions in the input. 

Corpus studies have started to reveal systematic 
developmental trends in child speech that, instead 
of developing independently like an organ, appear 
to match closely the type of input children receive 
from parents. In one study, Katherine Demuth noted 
a temporal advantage with respect to English in the 
learning of passives in Sesotho, a Bantu language 
spoken primarily in South Africa. When she directly 
compared corpora of child-directed speech in Seso-
tho and English, she found that, in everyday speech, 
the use of passives is substantially higher in Sesotho 
than English. Cross-linguistic analysis can reveal both 
differences as well as similarities in language devel-
opment. For example, across a variety of languages, 
plural nouns account for a small percentage of the 
total nouns children hear, a fact that is reflected in 
relatively few morphological markings of plurals in 
early child speech. Importantly, both differences and 
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similarities across languages attested in development 
appear to be tightly coupled with parental input, in 
fact, to a larger extent than previously believed prior 
to the use of corpora in language research.

A further appreciation of the tight coupling of 
child and caregiver in language development was 
demonstrated by applying methods from dynami-
cal systems theory to corpora. Rick Dale and Michael 
Spivey used recurrence quantification analysis (RQA) 
to conversations between child and caregiver in the 
CHILDES English corpora. Because these corpora are 
tagged automatically for parts of speech, such as noun, 
determiner, adjective, and so on, the authors treated 
each utterance as the ordered sequences of syntactic 
class usage by child and caregiver and entered them 
in time-series analyses. This approach provides a 
window on how structures used by the child recur in 
those used by the caregiver (and vice versa) and shows 
how child and caregiver may indeed be treated as a 
unique dyadic system influencing each other in loops 
of causes and consequences. New statistical methods 
applied to large corpora thus provide new insights 
and demonstrate important parallels between child 
and adult speech.

Nature	of	the	Ambient	Language	and	Learnability
Large corpora of child conversations have played 
instrumental roles not only in illuminating what chil-
dren say and why but also in the reassessment of the 
input to which children are exposed. This has contrib-
uted to fundamental reevaluations of the cognitive 
mechanisms and processes underlying acquisition. 
The introspective approach of language researchers 
practiced prior to the availability of corpora led to 
the formulation of a very influential view on language 
acquisition championed by Noam Chomsky. Chom-
sky posited that there is an enormous gap between 
the ambient language and the grammar the children 
acquire. The data children receive as input is simply 
not sufficient to acquire grammar, and thus, the dis-
crepancy between this poverty of the stimulus and the 
adult target grammar would appear to be closed only 
if children were endowed with an innate linguistic 
grammar. In particular, given that only a finite set of 
sentences is ever heard, out of the infinite set of pos-
sible sentences in a natural language, the mere absence 
of a linguistic form could not be used as evidence that 
the form is not allowed. 

For example, while John gave/donated a book to the 
library and John gave the library a book are licensed in 

English, John donated the library a book is ungram-
matical, although children are not told so directly. 
Such learning from positive evidence alone has thus 
been viewed as raising logical problems for language 
acquisition. In particular, without correction, how is 
the child to recover from conjecturing an overgeneral 
grammar that will be consistent with any sentence 
that the child hears? Recent corpus-based analyses 
coupled with a formal framework derived from infor-
mation theory show that, in fact, the learner has suffi-
cient data to learn successfully from positive evidence 
if it favors the simplest encoding of the linguistic 
input. A practical approach using the simplicity met-
ric for assessing learnability of a wide variety of lin-
guistic constructions has also been proposed. Using 
natural-language corpora to simulate the language 
input available to the learner, this framework quanti-
fies learnability (e.g., in estimated number of years of 
linguistic exposure) for a given linguistic constraint, 
such as the ditransitive construction above.

Corpora have also allowed researchers to investi-
gate the role of linguistic input early in life as a pre-
dictor of later language skills. For instance, the sheer 
amount of child-directed speech can predict a child’s 
vocabulary size and rate of growth. Moreover, the fre-
quency of specific words addressed to children pre-
dicts the age of acquisition of those words. Thus, the 
amount and specific nature of the ambient language 
appears to play a more important role in language 
development than previously acknowledged.

Language	Simulations
Computational modeling in the form of computer 
algorithms that learn from raw samples of language 
have provided rich tools for theorizing about pro-
cesses of acquisition and the nature of language itself. 
The first generation of modeling efforts provided 
proofs of the concept that relatively simple general-
purpose learning mechanisms were capable of learn-
ing certain classes of formal languages generated by 
small artificial grammars. More recent models have 
raised the bar by scaling up to the task of learning 
linguistic structure from entire corpora in an unsu-
pervised fashion, namely without having any linguis-
tic a priori knowledge other than the linear order of 
words. Toward this goal, Shimon Edelman and col-
leagues have proposed a framework for modeling 
language acquisition, which calls for four desiderata: 
the creation of a grammar that is (1) fully generative, 
that is, capable of reproducing the natural probability 
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distribution over sentences in the linguistic commu-
nity; (2) algorithmically learnable from realistic data, 
such as those represented in child-language corpora;  
(3) that can be tested quantifiably; and (4) that is psy-
chologically real—that is, the structures constituting 
a grammar have a grounding in psychological (and, 
ultimately, neurobiological) reality.

Corpus-Informed	Experiments
Another way that corpora have been used is in com-
bination with experimental methods. Developmental 
studies have specifically used corpus data and analy-
ses to make specific predictions subsequently tested in 
controlled behavioral experiments with children.
For example, several child studies within the compe-
tition model developed by Brian McWhinney derive 
cue strength and reliability of certain linguistic fea-
tures directly from corpora and then run experiments 
to test this with children. Similarly, Joan Bresnan 
and colleagues investigated what types of knowl-
edge potentially contribute to children’s productions 
of the dative alternation in English (e.g., I gave the 
bread to you versus I gave you the bread). In one study, 
her research team coded hundreds of dative English 
sentences in both children’s and their parents’ utter-
ances within the CHILDES database for multiple fac-
tors such as length of theme and recipient, nominal 
expression, type of both, syntactic persistence, and so 
on. Using multiple regression techniques, they found 
that, far from representing randomly chosen alterna-
tives, children’s choices were influenced by the same 
factors that influenced adults’ choices, suggesting that 
children are very well attuned to various contextual 
cues that are expressed probabilistically in the input. 
Thus, corpus data can be robustly combined with a 
variety of quantitative methods to assess the develop-
ment of children’s linguistic knowledge.

Dense	Longitudinal	and	Multimedia	Corpora
The degree to which a corpus is representative of 
actual language use during childhood depends largely 
on sampling methods. Traditional sampling practices 
have used about one hour of recording per one to two 
weeks, amounting to 26 to 52 hours per year, or 1 to 2 
percent of the language heard by a child in a single year. 
However, languages follow highly skewed Zipfian dis-
tributions, with a relatively few lexical items and con-
structions being very frequent and most words being 
highly infrequent. Thus, the sample size and density 
of data collection directly influence the probability of 

detecting a feature in the corpus, the reliability of the 
estimates researchers make, and the estimated age of the 
first occurrence. Recent corpora have been conceived 
with criteria of higher density in mind. They are also 
longitudinal in that the sampling occurs over time for 
the same child or children. Elena Lieven and colleagues 
recorded in the homes of four toddlers an average of 29 
hours of audio per week over six-week periods to yield 
more than a 100,000-word corpora of child-directed 
speech and child speech from each home.

The densest corpus currently available is being con-
structed by a team of researchers at MIT led by Deb 
Roy. The Human Speechome Project records Roy’s 
son’s development at home, with about 10 hours of 
high-fidelity audio and video gathered on a daily basis 
from birth to age 3 to yield a database that already con-
tains more than 100,000 hours of multitrack record-
ings. Thanks to such dense sampling, the researchers 
demonstrated that caregivers’ utterance length, type-
token ratio, and proportion of single-word utterances 
exhibit temporal relationships with the child’s devel-
opment, suggesting that adults tune their utterances to 
the linguistic ability of the child. Another feature of 
the Speechome Corpus is its multimodal nature, that 
is, it contains accessible information from the visual 
environment. Everyday activity events, such as meal-
times and diaper changes, occurring in the home are 
automatically coded with powerful machine learning 
and data mining techniques. The MIT team has shown 
that the frequency and consistency of use across these 
activities were predictive of age of acquisition. Words 
that were used more frequently and in more contex-
tually constrained settings were learned earlier. This 
opens the way for systematically studying how activ-
ity context influences the child’s natural learning envi-
ronment and linguistic development.

Luca Onnis
Nanyang Technological University
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Word Learning.
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Critical	Period	in		
Language	Development
This entry describes the tenets of critical period as a 
concept and how it relates to language learning. This 
topic is important for researchers who study children 
with delays in language acquisition and perceptual 
differences, for example, deafness.

Intimately linked with the complex interaction 
between nature and nurture, the term critical period 
stems from processes identified in developmental psy-
chology and developmental biology. A critical period 
can be characterized as a maturational time frame 
during which an organism has heightened sensitiv-
ity to external stimuli that are necessary for the full 
unfolding of a particular skill. During this time period, 
if the organism is not exposed to the appropriate stim-
uli, then the dependent skill may be suboptimal or, in 
extreme cases, even unattainable. Critical periods have 
been observed in all species studied, from fruit flies to 
humans. The chaffinch, for example, must be exposed 
to an adult’s song of its own species before sexual mat-
uration in order to learn its intricate and native song, 
according to W. Thorpe. Equally, basic sensory pro-
cessing in humans has been shown to be dependent on 
learning over certain time windows. The development 
of binocular vision requires that a child receives visual 
input to both eyes between 3 and 8 months of age, state 
R. Aslin and M. Banks. Deprivation of vision up to at 

least 3 years of age can result in developmental diffi-
culties in that domain. In contrast, in other, higher-
level areas of cognition, there may be no such fixed 
window of opportunity, for example, word learning. 
In this case, we would expect to see equal skill devel-
opment over any age period throughout the life span.

W. Penfield and E. Lenneberg are associated with 
the proposal of a critical period for first language 
acquisition. These researchers suggested that the 
maturational time period when language stimulation 
must occur for optimal language acquisition was in 
early childhood, and this constituted an example of 
biologically constrained learning. If exposure to lan-
guage was delayed until after 5 years and up to puberty, 
then development would not benefit from the default 
mechanism but would be driven by a different set of 
cognitive processes and ultimately be less successful. 
This proposal, known as the Critical Period Hypoth-
esis, has been contentious in language acquisition 
research ever since, with debates concerning the exact 
definitions of ages and the specificity of what ultimate 
attainment is. Lenneberg used three main sources of 
evidence to support the notion of a critical period for 
language acquisition: (1) feral children and victims of 
severe neglect who were reared with minimal exposure 
to language and who subsequently were unable to fully 
acquire the formal properties of language, specifically 
the phonology and syntax; (2) children born pro-
foundly deaf who had delayed exposure to a spoken 
language up to puberty and then presented incomplete 
language acquisition; and (3) studies of children with 
aphasia or severe brain damage who had significantly 
better recovery of language than aphasic adults.

Despite the fact that Lenneberg proposed his 
hypothesis several decades ago, the extent to which 
critical periods can be observed in the domain of 
human language acquisition remains open to empiri-
cal investigation. The aim of this entry is to present the 
evidence currently available and to highlight key areas 
for further study. Ultimately, the current data suggest 
that, in some subdomains of language acquisition, but 
not all, a period of time is evident over which the cog-
nitive system is more responsive to linguistic stimuli. 
The term critical period, however, is too stringent as 
a descriptor; rather the notion of a set of sensitive or 
optimal periods may be more appropriate. The dis-
tinction is that a sensitive or optimal period describes 
a window of developmental time over which an indi-
vidual is optimally responsive to certain environ-
mental inputs, resulting in a temporarily increased 
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predisposition to learning from those inputs rather 
than an abrupt change in plasticity.

There are three sources of evidence pertaining to 
variability in the responsiveness of the language sys-
tem to external stimuli: the effects of early depriva-
tion, particularly how short-lived deprivation must be 
for function to develop typically; the efficacy of learn-
ing new linguistic skills at different ages; and recov-
ery from damage incurred at different times in the 
life span. Each of these sources of evidence relates to 
slightly different aspects of plasticity in the cognitive 
system, but drawn together, they permit some insight 
regarding changes in human sensitivity to linguistic 
stimuli over developmental time. 

Early	Deprivation:	Extreme	Deprivation
There have been a series of case studies on so-called 
feral children who failed to acquire language typically 
after prolonged periods of extreme deprivation and 
neglect. The case of Genie, studied by S. Curtiss, who 
suffered severe neglect until the age of 13, has been 
particularly well documented. Language outcomes 
for Genie, especially in phonology and syntax, as for 
other children exposed to similar conditions, were 
ultimately poor, suggesting that exposure to language 
must occur before a given point in development for 
typical acquisition to occur. However, drawing con-
clusions from these isolated cases is ill advised given 
the multiple confounding factors inevitably involved. 
These children were not only raised in language-poor 
environments but were also nutritionally deprived 
and socially isolated and may have had additional 
preexisting learning difficulties. Given that failure to 
develop language could be attributable to any one of 
these factors, evidence regarding a critical period for 
language is scant.

Neglect
A much larger evidence base was made available 
through the international adoption of Romanian 
orphans in the early 1990s. A large research study, 
led by Sir Michael Rutter in the United Kingdom 
(UK), was conducted on evaluating the cognitive 
development of children adopted under the age of 
42 months. With respect to language development, 
C. Croft and colleagues found that children who had 
been adopted before 6 months of age showed no dif-
ference in comparison to control children born and 
adopted within the UK who had not experienced 
deprivation. However, around 40 percent of the 

children who experienced 6 to 42 months of depri-
vation showed clinically significant language delays, 
and language scores for this group remained below 
the norm when followed up at age 11 years. 

Recent studies of internationally adopted children 
who did not encounter any social or physical neglect 
but experienced early language exposure in one lan-
guage before moving to another county in infancy 
or early childhood, thus losing all exposure to the 
infancy language, offer an interesting comparison. 
This group of children show some subtle differences 
when compared with their nonadopted peers; the spe-
cific domains affected are thought to be those around 
the use of phonological working memory, describe 
K. Gauthier and F. Genesee. Such work helps to sepa-
rate out which aspects of delayed language might be 
attributable to socioemotional versus more purely 
linguistic factors and suggests that the development 
of phonology (speech sounds) is particularly sensitive 
to very early linguistic input.

Congenital	Deafness
Much stronger cases of late language development 
effects in the face of good social and emotional nur-
ture are the signing abilities of deaf children of hear-
ing parents. This group of children (and in the past 
more so) experienced profound difficulties acquiring 
spoken language naturally despite good nurturing 
experiences from their parents. At the same time, this 
population readily acquired signed languages when 
they were offered this modality at varying ages during 
childhood. This natural experiment allowed research-
ers to examine the ultimate attainment of sign lan-
guage development in the context of different ages of 
acquisition in adult signers. These signers often had 
more than 30 years’ experience of using American Sign 
Language (ASL) and, in contrast to studies of second 
language acquisition, had developed their language 
skills without the interference of a first language. R. 
Mayberry and E. Eichen compared adults with differ-
ent ages of acquisition of ASL on a sentence-shadow-
ing experiment. They reported that adults who had 
begun to acquire their first language at later ages found 
the task to be more difficult and produced a greater 
number of phonological errors, suggesting slower pro-
cessing of language. In comparison, native signers pro-
duced semantic errors, but fewer phonological ones. 
In the same study, Mayberry and colleagues reported 
that a group of deaf adults who learned ASL as a sec-
ond language after having acquired spoken English as 
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a first language during infancy performed like native 
signers on this task. The argument was exposure to any 
language during the critical period for phonological 
development enabled later language learning to build 
on these representations. In a second experiment, P. 
Boudreault and Mayberry compared native and non-
native signers’ abilities to perform grammaticality 
judgement tasks, again finding that age of acquisition 
affected adults’ abilities, a fact they attributed to a pos-
sible critical period for language development. Simi-
lar results were reported for British deaf adults by K. 
Cormier and colleagues. Importantly, the participants 
in these studies had good nonverbal cognitive abilities 
including memory.

Connected to Lenneberg’s proposal that reduction 
in brain plasticity after the onset of puberty links to 
ultimate language attainments, work by Mayberry and 
colleagues has showed that a delayed acquisition of a 
first language results in changes in the functional orga-
nization of the adult brain and also changes in gray and 
white matter concentrations in the occipital cortex. 
Mayberry argues that late language exposure leads to 
a different wiring of the brain for language processing, 
but this might not be related to cortical lateralization.

For typically hearing individuals, speech percep-
tion is not solely an auditory process. Rather, visual 
cues from the talking face confer considerable advan-
tage, especially under conditions of auditory noise, 
according to K. Grant and S. Greenberg and many 
others. Recent research with children born deaf has 
hinted at a sensitive period for the development of 
the integration of auditory and visual speech sig-
nals. Audiovisual speech perception was tested in 
children born with profound deafness who had 
been fitted with cochlear implants (prosthetic hear-
ing devices) in early childhood. The results from E. 
Schorr, N. Fox, V. van Wassenhove, and E. Knudsen 
showed that the ability to integrate heard and seen 
speech stimuli declines with age, given implantation 
over the age of 2½ years. This suggests that a sensi-
tive period may exist in low-level processing, namely 
the integration of stimuli from different modalities, 
which may impact the efficacy of language develop-
ment at more abstract levels. 

Second	Language	Acquisition
The key questions are these: Is it possible to learn a 
new language later in life to the same standard as a 
native language? And, why might learning later in life 
be more difficult and slower than learning a language 

in infancy? To answer the first question, a number 
of studies have assessed the linguistic competence of 
individuals who have moved to a new country after 
puberty. In their 2001 paper, D. Birdsong and M. 
Molis assessed native Spanish speakers who moved 
to the United States on their ability to spot gram-
matical errors in spoken sentences. The authors 
found that accuracy on this task correlated with age 
of arrival over 17 years but not for those who moved 
to the United States under the age of 17. This suggests 
that, although learning may be easier before puberty, 
it gradually declines after. These results can be com-
pared with other studies, for example, J. Johnson and 
E. Newport, that showed declines before 17 years and 
no correlation with age of acquisition thereafter. These 
data suggest there is no obvious terminal point, leav-
ing little support for the idea that puberty is a cutoff, 
contrary to the Critical Period Hypothesis as originally 
stated. The extent to which this is true depends on 
how closely related the first and second language are 
in terms of grammatical structure and speech sounds. 
Interestingly though, there may be a stronger effect for 
learning the sounds of a new language.

At the brain level, research by H. Neville and D. 
Bavellier has shown that variation in age of exposure 
to second languages results in different neural rep-
resentations. Acquisition of first languages in native 
speakers results in strongly left-lateralized process-
ing; however, second language acquisition results in 
more variability in the neural activity for processing 
that language as well as less lateralization. If this is due 
to age or to maturation of cortical lateralization is not 
clear. In summary, ultimate attainment varies by a 
number of factors—what area of language is assessed, 
age of acquisition, similarity between first and second 
languages, and likely numerous individual differences 
such as motivation and time spent in the language 
environment. In general, there is evidence for reduc-
tion in ability over time on average but not for a criti-
cal period as such overall.

Recovery	From	Damage
The last set of evidence for a critical period comes 
from neuropsychology, where it is known that adults 
who are beyond puberty are more likely to suffer per-
manent language impairment from brain damage 
than are children who experience similar brain lesions. 
The origin of this difference is again linked to corti-
cal reorganization, which is still in progress in chil-
dren, so language acquisition can benefit more from 
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compensation during this period. As an example, some 
children who have experienced hemispherectomy, as 
documented by F. Vargha-Khadem and colleagues, can 
develop speech and language with native-like abilities 
despite having no left hemisphere. However, there is 
also evidence for language reorganization after stroke 
in adults, and this area is open to much debate.

Conclusion
There are several sensitive periods for native language 
acquisition, with the command of the phonological 
level being most critically tied to the earliest expo-
sure but also exposure in early childhood being tied to 
native use of syntactic abilities. Evidence from variable 
ages of exposure to signed languages points to these 
early effects being long lasting and having an impact 
on the brain mechanisms dedicated to language. Thus, 
the more formal properties of language show the most 
effects of age of acquisition, however, not in an all or 
nothing fashion. Late learners can acquire the basic 
word order and syntactic operations of the language 
successively, but exposure out of childhood does mean 
that more marked or complex grammatical structures 
are not acquired in a native-like way. This attenuation 
rather than cutoff is not seen as a problem for several 
domains of learning outside of languages but is a par-
ticularly contentious issue in language acquisition. 
The deaf research also suggests that early exposure to 
any language can transfer to subsequent attainments, 
pointing to the importance of early and high-quality 
exposure to a native sign language as being crucial for 
subsequent acquisition of a spoken language.

Gary Morgan
City University of London
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Cross-Cultural	Factors	
in	Communicative	
Development
Language learning takes place in a cultural context 
through interaction with adults and more advanced 
language users. Across cultural-linguistic groups, chil-
dren learn the language of the community in very simi-
lar ways. Children first learn the sounds of the language 
and put sounds into words. In early development and 
throughout the life span, children (and adults) com-
prehend many more words than they express. Across 
languages that have very different structures and word 
order, children consistently appear to learn more 
nouns in early development compared to verbs. The 
noun–verb distribution, however, is moderated by the 
structure of the language children are learning. 

For example, children learning verb-friendly lan-
guages such as Japanese or Mandarin may learn more 
verbs in early acquisition than children learning 
noun-friendly languages such as English. Once chil-
dren learn approximately 50 words, they start to com-
bine words into phrases. As children learn the particu-
lars of the language they are learning, they add words 
to their vocabularies to express their experiences. The 
classes of words they learn (e.g., nouns, verbs, posses-
sives, and routines) are influenced by their everyday 
experiences and by the structure of the language they 
are learning. This means, for example, that children 
in different environments may learn different sets of 
nouns and verbs and other word classes, and these 
reflect their experiences.

In addition to learning the vocabulary and gram-
mar of their language, children must also learn 
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appropriate ways of interacting with other members 
of their language community. Appropriate interac-
tion between children and adult members of the 
community is guided by the goals of that commu-
nity and shaped by the assumptions about children’s 
roles within the community and family structure. The 
ways that children learn to use language to commu-
nicate depends on the family as well as the broader 
community. The community often represents the cul-
tural context in which children learn to use language. 
Specifically, children must learn the language of their 
community and how to use language to interact with 
other members of the community. They need to learn 
who to talk to, how to talk to them, and how to appro-
priately respond to individuals in the community. The 
work of Bambi Schieffelin and Elinor Ochs has been 
highly influential in developing an understanding of 
how language is used in child socialization and in how 
children learn to use language in social interactions 
within their communities.

Language	Socialization
According to Ochs and Schieffelin, socialization of 
children begins from birth through everyday routines 
and interactions. In early interaction, vocalizations are 
part of the social routine and interpreted according 
to family beliefs. These mark the shape and organiza-
tion of interactions among members of the family and 
community. An important aspect of this work is to 
demonstrate that infants and young children are active 
participants in shaping their own socialization experi-
ences. Through vocal, verbal, and nonverbal interac-
tions, children and adults together negotiate meaning. 
Through these negotiations with one another, mem-
bers of the family and community learn about their 
roles and others’ expectations of their roles and ways 
to interact. These ways of interacting and negotiat-
ing occur throughout the life span, highlighting the 
dynamic nature of social and linguistic interaction 
within a cultural context. 

Language becomes a powerful tool not only for 
cognitive development but also for learning one’s 
own culture. Another important aspect of this work 
is that members of a community learn the verbal cues 
that mark important events and ways of interacting 
in different contexts or situations. Social-pragmatic 
routines, greeting, and leave-taking are some exam-
ples of these events. Other linguistic cues may mark 
or identify roles and rules for turn taking, agreement, 
and disagreement. Across cultures, different aspects of 

language use may be more highly valued or disvalued, 
and these may be additionally highlighted and shaped 
through language socialization.

It is also important to note that interactions take 
on many forms and are reflected in family dynam-
ics. Some interactions with children may be dyadic, 
where the mother or caregiver interacts one on one 
with the child. Other social interactions may be mul-
tiparty, with several members of the family interact-
ing together. Some social interactions may be more 
among the adult members of the community in 
which young children are present and overhear con-
versations but are not expected to contribute to the 
social exchange. Thus, children may learn different 
ways of interacting, depending on their experiences. 
Through these experiences, they learn to understand 
relationships and exchanges among members of the 
family and community.

Dialect and language may be other cues that mark 
certain kinds of social interactions. Dialect, for exam-
ple, may be used to mark in- and out-group exchanges. 
In bilingual communities, one language may be used 
for certain people in certain situations and another 
for other kinds of interactions.

Societal structure also affects the interactions in 
which children participate and affects family dynam-
ics. For example, in agrarian societies, children may 
have a greater participatory role in the everyday 
work of the community; whereas in technological 
societies, children will be unlikely to be present in 
adult work activities. These structures may lead to 
different kinds of experiences and understanding. 
These may also affect communication and interac-
tion in different ways. In situations where children 
are present, there is little need to make the known 
explicit. In contrast, in activities where children are 
not present, there may be a need to explicitly help 
children to understand activities and procedures via 
description. Variations in social structure also affect 
access to schooling and day care, which function as 
powerful socialization mechanisms. Children may 
experience different cultural expectations across 
these different contexts.

Differences in goals for child development may lead 
to variation in communication style that is culturally 
determined. Cross-cultural differences in assump-
tions of children’s roles, how they should interact, and 
the content of the interaction may result in children 
learning language in very different ways and learning 
different styles of interacting.
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These different interaction styles are culturally 
influenced. Work by Patricia Greenfield and col-
leagues can help us to understand the constructs of 
individualism and collectivism with respect to the 
cultural value systems that guide human interaction. 
These value systems shape what it is children learn, 
how they learn it, and how they express it.

Collectivism and individualism should be consid-
ered as a continuum rather than absolute dichotomous 
categories. Individuals function along a range within in 
this continuum, which is influenced by particular situ-
ations. Thus, the continuum helps us to understand 
individual tendencies within a community and nation. 
Perspectives on child development, adult–child inter-
action, and presentation of information are important 
for understanding cultural factors in how children 
learn the language of their community.

Collectivism is associated with interdependence. 
In this worldview, group goals are primary, and social 
intelligence and social interaction skills are highly val-
ued. Social obligations are often reciprocal and estab-
lished so as to be beneficial for the family. A major 
goal is to develop group interdependence and close-
ness. A result of this worldview is that children are 
often in the presence of adults, and very young chil-
dren are in close physical contact. Because children 
are present in everyday activities, talking to children 
may not be as highly valued. Learning by watching 
is important. Property and objects are often shared, 
and children are expected to share with siblings, 
family, and other members of the community. With 
respect to self, individual members of the group are 
expected to be modest in public actions and interac-
tions with others.

Individualism is associated with independence. 
From this perspective, individual goals are highly val-
ued. Competition is another theme in this perspec-
tive. Because the goal for socialization is indepen-
dence and personal achievement, interaction with 
children focuses on autonomy and self-actualization. 
Personal property and self are highly prized and 
respected. The dimension of individualism–collec-
tivism is further moderated by factors such as social 
class, generation, and gender. Education and wealth 
drive generational and social class differences. Higher 
educational levels and greater economic resources 
often increase between generations and result in a 
shift toward independence.

These two different world views have implications 
for how children learn to interact and what kinds of 

interactions are valued. Areas in which differences 
can be observed include interaction with objects, turn 
taking, narration, and context.

Interaction	With	Objects
Children commonly learn about the objects and tools 
used by members of the family and community. Chil-
dren learn to the names of things—labels for objects, 
as well as their properties, uses, and functions. While 
this kind of learning seems common across cultures, 
the way that children learn to talk about objects may 
differ by community and culture. The role of personal 
property is key here. In a collectivistic worldview, 
objects and tools are often used for a social purpose 
or for the common good. So, if a member of the fam-
ily needs the tool, there is no question that he or she 
should use it because it is considered to belong to the 
family or the community. In this way, tools are shared, 
and through sharing, one makes personal connections 
to other members of the family and the community. 
Language learning associated with object use may then 
focus on function as well as the social connections and 
experiences with these objects.

From a collectivistic perspective, objects and tools 
have functions, and knowledge of these functions is 
important, but they may be implicit. Because social 
coherence is highly valued, children’s talk about 
objects may be embedded in their experiences with 
family members as well as other extended friends 
and family. Children may learn to associate certain 
objects with their functions and with other objects 
used for a similar function or in conjunction with 
that function. Function of an object is implicit for 
achieving a goal.

In an individualistic worldview, objects and tools 
are seen as personal property. In this context, permis-
sion to use an object, for example, is critical, and chil-
dren are assumed to have the same property rights as 
adults. Language learning associated with object use 
may focus on learning to gain access to the object, 
learning to put it back, and learning to take care of it.

Here, the names of objects and their specific pur-
poses are both important. Because an individualis-
tic worldview privileges decontextualized facts and 
scientific knowledge, children are provided infor-
mation about objects and tools. This information 
may include functions as well as materials, seman-
tic classes, and superordinate categories. Children 
are encouraged to learn what something is, what 
it’s made of, and what kind of thing it is. What is of 
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importance here is not necessarily making social con-
nections but rather knowledge of objects and tools 
for their own sake. 

Turn	Taking
Interaction with young children starts from birth. 
One’s goals for socialization and worldview guide 
how adults in a given community interact with 
infants, toddlers, and children. From a child’s infancy, 
adults respond to goos, coos, and gurgles on the basis 
of how they interpret these from their own cultural 
perspective. Young children’s verbal interactions and 
the regulation of their behavior play out in different 
ways within these two socialization contexts.

From a collectivistic perspective, children are not 
seen as equal partners in conservation. Thus, young 
children may not be expected to talk for long periods 
of time or to take extended turns depending on whom 
they interact with and the purpose of the conversa-
tion. The shape of these interactions and social roles 
are defined and regulated from infancy. For example, 
if caregivers believe that babies’ goos, coos, and gur-
gles are not necessarily associated with their needs, 
they may focus more on anticipating a baby’s needs 
to be comfortable, rather than attempting to inter-
pret his or her vocalizations. Interaction may focus on 
making connections with the baby and by letting the 
baby observe everything that is going on around him 
or her. Interactions often encourage children to watch 
and to listen.

From a very young age, a goal will be for children to 
have the opportunity to be with family members and 
extended family. Children may learn about complex 
kinship relationships through their interaction with 
extended family. A communication focus will be on 
learning to be polite and to respect elders. Children 
will take a turn in conversation, but adult initiations 
and conversational turns are often considered to be 
primary. Thus, child initiations or interruptions may 
be discouraged while an adult holds the floor. In talk-
ing with adults, children will be expected to not inter-
rupt, particularly in public. In turn taking with adults, 
especially outside the family, children are expected to 
respond to direct questions but not always to elaborate 
on the answer. In observation of mother–child inter-
action, one may observe mothers talking more than 
their children, speaking to them indirectly, and using a 
large proportion of imperatives. 

Groups that are oriented more toward individu-
alism see children as equal partners in conversation. 

In early development, babies’ sounds are often inter-
preted as meaningful, and parents respond by ascrib-
ing intent to these noises. Interactions between 
mothers and babies will often have balance in terms 
of taking turns. In social situations, under the 
assumption that children’s conversational initiations 
have the same status as those of adults, care is given 
to allow children to hold the conversational floor. In 
interaction, adults will monitor turn taking, often 
protecting a one-turn-at-a-time rule both among 
children and among adults and children. Adults will 
make themselves an equal conversational partner and 
use questions to keep a conversation going.

Often, children are encouraged to provide responses 
and initiate conversation. Children are expected 
to provide detailed explanations for behaviors and 
physical events. In this worldview, parents and adults 
will often ask children to provide information that is 
already known. Interactions with parents often have 
the characteristic of rehearsing known information. 
This kind of elicitation begins at very young ages, 
when toddlers learn to point to body parts, for exam-
ple, in response to the parent naming them. 

Narrative
Across different cultures, children tell stories and 
convey experiences through narratives and discourse. 
There are many similarities across different language 
and cultural groups in how stories mature as related 
to development. In early storytelling, children often 
name or describe main characters. They describe 
character actions. As they mature, children develop 
the ability to tell a more coherent and complete story, 
one that includes character goals and actions. More 
mature children’s stories include a problem, character 
reactions, and resolutions. At the same time, what chil-
dren include in stories and the level of detail in their 
stories are associated with their cultural worldview. 
Stories can serve different purposes. For example, 
stories are used to transmit information, to entertain, 
and to illustrate a point or moral. These underlying 
goals for storytelling, in addition to cultural norms 
for what stories should include, contribute to cross-
cultural variation in narrative.

Recall that, from a collectivistic perspective, social 
belonging and social connection are primary goals. 
Within this viewpoint, stories may tend toward focus-
ing on goals that are consistent with a collectivistic 
perspective. Some communities may value stories that 
are short and to the point; others may value stories 
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that focus on the character’s internal states and reac-
tions in the face of the problem, which may be con-
sidered to be implicit in the telling. Other stories may 
focus on the moral of the story that serves to illustrate 
how children should behave. In this context, personal 
stories may additionally focus on social norms and 
social connections that are important within the fam-
ily or the community. Stories that entertain are also 
valued and considered to be good stories.

In communities that are more individualistic, stories 
might focus more on the achievement of a goal. Here, 
actions and solutions may be favored over character 
states or motivations, for example. Longer, more elab-
orate stories may be elicited in order to demonstrate 
knowledge of a particular subject. In children, stories 
that follow a time line and that are considered to be well 
organized with respect to topic are considered good 
stories. Consistent with the goal of self-actualization, 
children are encouraged to provide details about who 
the characters are and to focus on their achievements.

Context
Background information or context is important for 
understanding and interpreting a conversation or 
a narrative. At the same time, there is an interplay 
between the amount of context that is perceived to be 
necessary, which is associated with culture and shared 
knowledge. Thus, the amount of background infor-
mation given in conversations and narrative varies 
with respect to cultural differences. 

In groups that tend toward collectivism, in many 
situations, background information is already known 
or implicit in a conversation or story, and therefore, 
very little context is needed in order to follow the con-
versation. The speaker may assume that the listener 
knows and understands the background and will 
ask questions if there are any doubts. In communi-
ties that share many daily activities with children or 
in which children participate and observe, it may not 
be necessary for children to recount what is already 
known. Thus, in conversation, the focus is on new 
and unknown information. In narration, background 
may be more implicit in the story. Additionally, with a 
focus on character motivation and reaction, the focus 
may be on understanding the reasons for reactions, 
and this will unfold as part of the story. Finally, if sto-
ries are at least in part for entertainment, providing 
all the background may render a story uninteresting.

Within an individualistic perspective, it is impor-
tant to establish the background and context in both 

conversation and narrative. In conversation, assump-
tions cannot be made because, most often, information 
is not shared. Children do not participate or observe in 
many routine, daily activities. Rather, they have their 
own places and are encouraged to have friends that are 
independent of the family. Young children will often 
play independently or interact with people outside 
the family in school and day care. Thus, children are 
taught to routinely provide background information. 
This background establishes the context so that the 
conversation can move forward. In narrative, provid-
ing background is also important. This context helps 
the audience to understand and interpret the events of 
the story. Here the responsibility is on the storyteller to 
provide the audience with enough information so that 
they do not have to fill in or make assumptions about 
what happened or why. In this view, it is important to 
make what might be otherwise implicit explicit.

The framework of collectivism and individualism 
helps us to understand and interpret various cultural 
norms and styles that impact development of com-
munication in children. It is important to note that 
this framework represents a continuum of behaviors 
rather than mutually exclusive categories. Conse-
quently, while certain groups may tend toward col-
lectivism or individualism, there is a range of behav-
iors among members of the group. Additionally, in 
different situations, group members may behave in 
ways associated with individualism or collectivism. 
For example, in a work situation, it may be that com-
petition, a trait associated with individualism, is the 
norm even within a community that tends to behave 
in ways more consistent with collectivism. As people 
have contact with members of other groups, they may 
shift in their behavior in one direction or another. 
Economics and education also influence perspectives 
of collectivism and individualism, with higher levels 
of economic and educational status associated with a 
greater tendency toward individualism.

Assessment
In language assessment of children, it is important to 
take social-cultural variation into account. The assess-
ment context in and of itself reflects Western values 
and ways for interacting consistent with individual-
ism. Typically, language assessment in a U.S. context 
tends to focus on decontextualized linguistic knowl-
edge and often on information already known to the 
tester. Children from different cultural backgrounds 
may make assumptions about the purpose of the test 
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situation based on their own cultural experiences. For 
example, on a vocabulary test, children from collec-
tivistic cultural backgrounds may focus on informa-
tion assumed not shared rather than on naming items 
they know the tester already knows. In the pragmatic 
domain, children may vary in the extent to which they 
initiate conversation and interaction. In the narrative 
domain, children may tell stories in line with their 
experiences, emphasizing social aspects of their expe-
riences. Children may tell stories that are less elabo-
rate than would be typically expected for children in 
U.S. schools. Children who wait to be spoken to, limit 
their responses, or provide unelaborated answers 
may be seen as less competent users of the language. 
Thus, in language assessment, it is important to have 
an understanding of how cultural background may 
impact child performance in testing.

Conclusion
Some of the ways that this cultural continuum oper-
ates to influence how children learn to communi-
cate have been considered. Children learn to use the 
words and grammar of their language, but the ways 
in which they communicate vary depending on their 
community. Different worldviews of children’s roles 
and appropriate ways for children to talk, converse, 
and narrate influence how it is children learn to 
interact verbally.
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University of Texas at Austin
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Cross-Linguistic	
Investigation	of		
Language	Impairments
This entry examines how language impairment is 
manifested across different languages. Analyzing lan-
guage profiles, developmental trajectories, and error 
patterns may enhance our understanding of the 
universal characteristics and the language-specific 
features of child language impairment. Most cross-
linguistic studies in the literature have focused on 
children with specific language impairment (SLI) and 
their development in morphosyntax. Therefore, the 
focus of this entry is on children with SLI; however, 
it includes some findings from studies on dyslexia. 
Many of the participants in those studies had histories 
of oral language impairment during their preschool 
years. Children with SLI are characterized primarily 
by exclusionary criteria. 

These children are defined as showing difficulties in 
the development of cognitive-linguistic skills despite 
their average nonverbal intelligence and the lack of 
any frank neurological, sensory, or motor deficit or 
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any emotional disturbances. Most cross-linguistic 
investigations of SLI have studied children’s develop-
ment of different morphosyntactic forms. There are 
significantly fewer cross-linguistic studies on other lan-
guage areas, such as pragmatics or semantics. There is 
also a clear limitation in cross-linguistic investigations 
where the researchers perform the same tasks within 
the same study with groups of children who speak 
different languages. Most of the cross-linguistic data 
come from studies that examined children speaking 
one particular language, and the results were compared 
to findings from other studies in different languages. 
Another common source for cross-linguistic data is 
the bilingual literature. Despite the above limitations, 
cross-linguistic studies have an increasing impact on 
the development of better theoretical models of child 
language impairment and on the advancement of more 
effective clinical assessment and intervention methods. 
The current findings from cross-linguistic studies in 
children with SLI show that the most vulnerable lan-
guage functions differ across languages. Children with 
SLI vary in their accuracy rates and error patterns for 
given linguistic functions across languages, and these 
error patterns reflect the structural features of the given 
language. The aim of this entry is to summarize some 
of the most exciting findings about how child language 
impairment is manifested in different languages by 
looking for answers to the following questions:

1. Are there some universal language character-
istics of SLI across languages?

2. Can one identify different language profiles 
and error patterns in children with SLI for 
similar linguistic functions across languages?

3. Are there some language-specific functions?
4. Which theoretical account of SLI best 

explains the patterns of language impair-
ment across languages?

General	Language	Characteristics	in	SLI
A review of the grammatical morphology literature 
indicates that one highly researched area across lan-
guages is tense marking. Although tense-marking 
morphemes are produced with a higher accuracy rate 
in Dutch-, German-, or Swedish-speaking children 
with SLI than by English-speaking children, the accu-
racy rate is lower for children with SLI than for their 
typically developing peers in each language. Thus, 
problems with tense marking show a universal pattern 
in children with SLI across languages. The way this 

problem manifests itself across languages may differ 
from language to language. In some languages, chil-
dren with SLI produce the infinitive rather than the 
bare stem. In languages with rich inflectional mor-
phology, such as Spanish and Italian, children with SLI 
often substitute one tense marker for another, but they 
do not produce the infinitive form for an inflected verb. 
One explanation for this finding is that both Spanish 
and Italian are languages in which, in certain contexts, 
the subject of the sentence may be omitted. In these 
cases the tense or agreement markers stand out more 
than in languages that do not allow the omission of the 
subject, such as English or German.

Similarly, the omission of auxiliary verbs in obliga-
tory contexts by children with SLI shows a univer-
sal pattern. Studies across various languages, such 
as English, Swedish, Croatian, German, and French, 
show that children with SLI omit the auxiliary verbs 
more frequently than their typically developing peers. 
Children with SLI differ not only from their age-
matched peers in this aspect but also from younger, 
typically developing children. For example, French-
speaking children with SLI made many errors with 
the third-person past auxiliary a, whereas they pro-
duced a as a preposition correctly most of the time. 
Some proponents of domain-specific approaches to 
SLI take these data as evidence for the Disruption 
Within Delay account—that children with SLI show 
morphosyntactic profiles that are unique in compari-
son to younger, typically developing children.

Noun morphology has received significantly less 
attention in the SLI literature than verb morphol-
ogy, but there are some interesting cross-linguistic 
findings on noun morphology that provide us with 
relevant information regarding the current theoreti-
cal models of SLI. Children with SLI across a number 
of languages—Arabic, Hebrew, Hungarian, German, 
Greek, Serbo-Croatian, Spanish—show a delay in the 
development of the plural inflection for nouns. In 
many cases, these children produce the singular form 
instead of the plural form of the noun. One inter-
pretation of this finding is that children with SLI are 
avoiding the use of the plural marker because they do 
not feel competent using number markers. Data from 
Finnish-speaking children, however, seem to contra-
dict this hypothesis. Finnish-speaking children with 
SLI often produce substitution errors of case (e.g., 
nominative instead of the accusative). These errors 
are not true omissions but rather substitutions of 
more complex words with simpler forms. 
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If one reviews the errors with noun morphology 
across languages, it becomes clear that children with 
SLI generally show problems with noun inflections. 
It is also evident that the error types across languages 
differ and that they reflect an interaction between lin-
guistic complexity and task or processing demands. 
This was further evidenced by our own cross-linguistic 
study with English- and Hungarian-speaking children 
examining the association between working memory 
performance and linguistic complexity. In a tradi-
tional listening span task, the grammatical complexity 
of the sentences had a larger effect on verbal working 
memory performance than the length of the sentences 
in both English- and Hungarian-speaking children. 
However, complexity impacted working memory 
performance accuracy differently across languages. 
For English-speaking children, syntactic complexity 
affected verbal working memory performance more 
than sentence length; for Hungarian-speaking chil-
dren, increased morphological complexity (i.e., addi-
tion of inflected morphological markers), rather than 
syntactic complexity, led to decreased performance.

Different	Language	Profiles	and		
Error	Patterns	Across	Languages
The manner in which problems in grammatical mor-
phology are manifested in different languages is not 
general, although the problems in grammatical mor-
phology in children with SLI seem to be universal. 
English-speaking children with SLI have greater dif-
ficulties with tense-marking morphemes than with 
nontense-marking morphemes even when the mor-
phemes are homophones (e.g., third-person singular 
–s versus plural –s). The proponents of the domain-
specific account interpret this finding as evidence 
for a deficit in linguistic representation. It is pos-
sible, however, that the data also reflect differences 
in cognitive demands, such as working memory load 
across the different tasks. In contrast to the data from 
English-speaking children, French-speaking children 
with SLI show more general problems in morphology, 
and their difficulty with tense marking is not more 
impaired than some other language areas.

German-speaking children with SLI make word 
order errors as well as tense and agreement errors. 
Specifically, they often violate the verb-second rule 
for main clauses in German. Findings across lan-
guages indicate that children from different languages 
focus on different cues in sentence processing. While 
English-speaking children show a strong focus on 

word order, Italian-speaking children do not. Word 
order was the most relevant cue in sentence compre-
hension tasks for English-speaking children. Children 
speaking a verb-second language, such as German or 
Swedish, show an intermediate focus on this linguis-
tic aspect. The developmental trajectories also differ 
across languages. English-speaking children acquire 
the word order aspect of their language earlier than 
specific forms of agreement (e.g., third-person singu-
lar –s). In contrast, Japanese-speaking children master 
word order and grammatical agreement cues simul-
taneously. The pattern of acquisition in Hungarian is 
the reverse of English: Hungarian-speaking children 
acquire different suffixes before word order cues. An 
important difference between English and Hungarian 
is that the latter language has a more complex verb-
marking system than the former. Unlike English-
speaking children, Hungarian children do not need to 
rely on word order because subjects and objects are 
distinguished by their case marking. Hungarian word 
order is also more variable than English.

Our research on grammatical sensitivity showed 
that language-impaired children’s performance in 
detecting agreement and word order violations was 
highly influenced by the task’s working memory 
demands. Hungarian children with SLI detected a 
similar number of agreement violations and word 
order violations if the errors occurred in the sentence-
initial position, but they detected more word order 
violations than agreement violations in the sentence-
final position. This finding provides evidence for 
accounts that emphasize the interaction between cog-
nitive and linguistic functions, often called processing 
capacity accounts.

Another language area in which children with SLI  
show different profiles across languages is the produc-
tion of pronouns. English-speaking children rarely 
omit object pronouns, whereas the omission of object 
clitics in French is a clinical marker for SLI. Clitics 
show phonological properties more similar to mor-
phological markers than to distinct lexical categories 
(e.g., /t/ in Je t’aime, which means I love you). French-
speaking children with SLI often omit the object from 
their sentences. There is an interesting difference in 
error patterns with regard to object clitic production 
across languages. Similarly to French-speaking chil-
dren, Italian children with SLI also omit object clitics. 
Spanish-speaking children, however, make frequent 
substitution errors with object clitics, but they do not 
omit them. Johanne Paradis and her colleagues suggest 
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that these cross-linguistic variations are related to pro-
sodic differences across languages. The duration dif-
ference between stressed and unstressed syllables is 
smaller in Spanish than in French or Italian. 

Cross-linguistic studies focusing on the manifes-
tation of written language impairment, more spe-
cifically dyslexia, give another interesting perspective 
about variations in language profiles and error pat-
terns. Dyslexia is manifested in different ways across 
languages. Early research in dyslexia focused almost 
exclusively on English-speaking children. As a result, 
it was assumed that the core deficit underlying dys-
lexia was related to phonological processes, more spe-
cifically to phonological awareness. However, more 
recent cross-linguistic studies show that children’s 
main problems in written language in languages with 
regular orthography are primarily not phonologi-
cally based. Hebrew-, Hungarian-, or Italian-speak-
ing children’s problems in written language cannot 
be explained using the phonological account only. 
Although difficulties with nonword reading in chil-
dren with dyslexia indicate a universal pattern across 
languages, reading fluency and speed of naming play 
important roles in defining the problems underlying 
dyslexia in languages with more transparent written 
systems. Patrizio Tressoldi and his colleagues found 
that the primary problem in Italian children with dys-
lexia was slow reading speed for both real words and 
nonwords. The authors concluded that the deficit in 
reading rate interacts with both lexical retrieval and 
the encoding level. Klara Marton and her colleagues 
examined Hungarian adolescents with dyslexia. The 
results showed a strong correlation between reading 
speed and accuracy rate. Slower readers made signifi-
cantly more errors than readers with better reading 
speed. Furthermore, reading accuracy showed signifi-
cant associations with verbal working memory. These 
results indicate a complex cognitive-linguistic deficit 
in Hungarian adolescents with dyslexia.

In contrast to alphabetic orthography, the Chi-
nese writing system is morphosyllabic because each 
character represents both a syllable and a morpheme. 
Thus, morphological awareness is strongly associated 
with the acquisition of Chinese characters. In contrast 
to English-speaking children, the construct that best 
distinguishes Chinese children with and without dys-
lexia is morphological and not phonological aware-
ness. The findings from studies on different ortho-
graphic systems suggest that each system relies heavily 
on certain cognitive-linguistic functions. Although 

the roles of these components differ across languages, 
regardless of the pattern, fluent reading can only be 
achieved if there is a certain level of synchrony across 
the various components.

Language-Specific	Functions
Cross-linguistic research in SLI suggests that there are 
certain vulnerable linguistic functions, such as mor-
phosyntax. There is no specific language structure that 
is only impaired in children who speak a particular 
language and is intact in children speaking other lan-
guages. However, the way certain language problems 
manifest themselves across languages differs from 
one language to the other. English-speaking children 
show extreme difficulty with the acquisition of tense 
and agreement markers. In contrast, morphosyntax 
is relatively less or not more impaired than other lan-
guage areas in French-speaking preschoolers. Spanish-
speaking children with SLI make fewer errors with 
tense marking in verb morphology than their English-
speaking peers but show more difficulty with noun 
morphology. Spanish-speaking children make fre-
quent errors with articles and clitics, adjective-agree-
ment inflections, and number agreement of nouns.

Language typology shows an interaction with age. 
In contrast to English-speaking children, French-
speaking preschoolers with SLI produce relatively 
few errors with verb inflections, but the error rate 
increases with age. Verb inflection errors in French-
speaking children are more frequent at the age of 7 
than at 4 years of age. In contrast, English-speaking 
children with SLI produce more errors during the 
preschool years and perform more similarly to their 
typically developing peers by school age. This finding 
is in part due to the complex morphological system of 
French. French-speaking children may produce more 
morphological errors later when they start producing 
complex sentences. Cross-linguistic data suggest that 
the typology of a given language has a great impact on 
the error types and language performance profiles of 
children with SLI. 

To summarize the findings reviewed in this entry, 
we give some examples of linguistic weaknesses of 
children with SLI and show how different theoretical 
accounts may explain these phenomena in different 
languages. Cross-linguistic findings show that we may 
provide evidence for most theoretical accounts of SLI 
if we examine only specific languages. Data from Eng-
lish- and Italian-speaking children are consistent with 
the Surface Hypothesis by Laurence Leonard and his 



 Cross-Linguistic Investigation of Language Impairments 127

colleagues. English-speaking children with SLI pro-
duce finite verb inflections with lower accuracy rates 
than their typically developing peers because most 
English finite verb inflections are brief consonan-
tal allomorphs and children with SLI have difficulty 
processing brief auditory stimuli. Italian-speaking 
children show no problems with verb morphemes, 
except for the third-person plural. Most of the Italian 
morphemes consist of vowels that are longer in dura-
tion than most consonants, except for the third-per-
son plural. We may conclude from these findings that 
children with SLI show problems with morphemes 
only if they are brief in duration.

The Morphological Richness Account can be sup-
ported with many examples from different languages. 
Children with SLI show more limitations in process-
ing capacity than their peers. This limitation forces 
them to focus on the most prevalent grammatical cues 
in each language. In English, it is typically word order 
and other syntactic information; therefore, they are 
left with very limited resources to process morphol-
ogy. In morphologically rich languages, such as Ital-
ian, Hebrew, and Hungarian, children with SLI focus 
more on the morphological aspects of their language. 
Although they show problems with inflections, their 
error productions approximate the correct forms. 

Domain-specific approaches associate SLI chil-
dren’s errors with deficits in linguistic representations. 
The Extended Optional Infinitive account described 
by Mabel Rice and Ken Wexler suggests that children 
with SLI treat tense and agreement markers as optional 
for a longer period than their peers. During this time, 
depending on the child’s language, children with SLI 
either produce the infinitive (e.g., in English) or a sub-
stitution for the tense marker (e.g., in Italian). The 
proponents of this account suggest that this extended 
phase lasts until the given linguistic principle becomes 
mature. This maturation process is longer for children 
with SLI than for their typically developing peers. 

There are many other theoretical accounts that can 
be supported by data from different languages. How-
ever, currently, there is no one theoretical account 
that is able to explain the large variety of perfor-
mance profiles and error types of children with SLI 
across languages. There is a clear interaction between 
language typology and the varying capacity demands 
of language structures across languages; hence, the 
vulnerability of specific linguistic structures dif-
fers across languages. The vulnerability of specific 
linguistic structures differs across languages. There 

is also an association between general cognitive-
linguistic functions and language-specific features. 
Children with SLI show different patterns of perfor-
mance depending on multiple factors, such as age, 
task demands, and mother tongue, among others. 
Cross-linguistic studies are one of the most efficient 
methods for identifying the most vulnerable cogni-
tive-linguistic features and the strengths of children 
with SLI who speak different languages. These stud-
ies should help construct a theoretical account of SLI 
that ultimately will be able to explain this disorder.

Klara Marton
Jungmee Yoon 

The Graduate Center, City University of New York 
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Cross-Linguistic	Research	
on	Literacy	Development
The possibility that literacy may be established more 
easily in some languages than in others has generated 
much interest. In addition to genetic and other factors 
that are internal to the individual, the learning time 
needed to establish a basic cognitive organization for 
reading may be subject to various external influences, 
including cultural attitudes to literacy, educational 
approaches, the nature of the spoken language, and 
the way in which speech is represented in the written 
language. For this reason, cross-linguistic compari-
sons of reading and spelling development are increas-
ingly popular as such studies offer the opportunity to 
tease apart general processes in literacy acquisition 
from those that are specific to particular languages 
or language groups, with concomitant benefits for 
theoretical understanding and educational practice. 
Findings show that the process of learning to read and 
spell is greatly influenced by the nature of the written 
language being acquired. 

Key features in shaping the process of literacy acqui-
sition are the level at which written symbols encode 
spoken language, the degree of detail and consistency 
in this relationship, and the nature of the instruction 
that children receive. This research is helping to shape 
a theoretical approach to literacy development that 
can be applied across languages. At its core are the fun-
damental links between written symbols, sound, and 
meaning that exist within all orthographies and that are 
acquired in accordance with the constraints imposed 
by the particular written language being learned. 

Different	Types	of	Written	Language
Written languages (orthographies) broadly code spo-
ken language in symbols relating to units of sound and 
meaning. Alphabetic writing systems (e.g., English) use 
letter symbols to represent the individual vowel and 
consonant sounds of the spoken language (i.e., pho-
nemes). Other orthographies such as Japanese Kana 
systems represent sound at the syllable level, and yet 
others, alphasyllabaries, are a combination of the two 
(e.g., Indian Kannada). Alphabetic orthographies can 
be ordered along a scale of orthographic depth: At the 
shallow end, the relationship between alphabetic sym-
bols and sound is straightforward and easily predictable 
(e.g., Spanish), but at the deeper end, the relationship is 
more opaque and variable (e.g., Danish). Further, there 

can be differences in depth within a language between 
the correspondences in the symbol–sound (reading) 
direction and the sound–symbol (spelling) direction. 

French is one such language that is deeper in the 
spelling than reading direction. Semitic orthographies 
such as Arabic and Hebrew form a distinctive group of 
alphabetic systems that exist in both shallow and deep 
forms according to whether information about vowels 
is represented, as is usually the case in texts for begin-
ners, but this information is omitted in more advanced 
texts. In logographic systems such as Chinese or Japa-
nese Kanji, symbols are designed to represent units of 
meaning (i.e., morphemes), giving rise to many more 
symbols to be acquired than in systems that represent 
sound. Consider the 26 letters of the French or English 
alphabets in comparison with the 2,500 logographic 
characters to be learned in the Chinese orthography 
during the first six years of schooling.

Nevertheless, many orthographies code both pho-
nological and morphological information in some 
form. Alphabetic systems that fall toward the deeper 
end of the spectrum often do so because an attempt is 
made to code morphemes as well as sound (e.g., Eng-
lish: sign /sain/ versus signature /sign t∫ (r)/). Logo-
graphic symbols can also contain components that 
signal pronunciation and meaning (e.g., Chinese: 湖, 
pronunciation in Pinyin /hú/ [lake], contains a left-
hand semantic radical 氵, which signifies water and 
a right-hand phonetic radical 胡, which denotes the 
pronunciation /hú/).

Importance	of	Analysis	of	Spoken		
Language	in	Literacy	Development
The challenge of cracking the code contained in an 
orthographic system depends on a number of com-
ponent skills. At first glance, the core skills involved 
seem likely to differ substantially between orthogra-
phies; however, cross-language comparisons suggest 
that differences are most often quantitative rather 
than qualitative. For example, the visual demands 
of learning the large character sets typical of nonal-
phabetic orthographies are considerable, and visual 
skills correlate with literacy development in such 
orthographies. Nevertheless, beginning readers of 
sound-based orthographies also need to discrimi-
nate the features of symbols, but the small number 
makes this a quicker process. However, in both sys-
tems, further development is accomplished most 
efficiently when symbols are no longer treated as 
purely visual objects but as mappings onto elements 
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of spoken language. Indeed, multiple levels or routes 
in the development of this capacity for visual-ortho-
graphic analysis of the internal structure of symbols 
or symbol sequences have been proposed across 
orthographies.

It follows that the capacity to analyze the features 
of spoken language is likely to be an important deter-
minant of the ability to learn such mappings. This is 
borne out in the literature on literacy development 
in English, where progress in learning symbol–sound 
mappings is strongly and reciprocally related to sensi-
tivity to the smallest units of sound in speech to make 
a meaningful difference, namely phonemes. Although 
for many years sensitivity to phonemes was thought 
to be a universally robust predictor of early literacy 
acquisition, studies of logographic systems have cast 
doubt on this view as even literate adults can be insen-
sitive to these small units of sound.

The level of analysis demanded by an orthogra-
phy that represents the sounds of spoken language is 
important. When sound-based orthographies are com-
pared, early progress is reciprocally related to the level 
of awareness of the particular sounds that map onto 
the set of orthographic symbols to be learned. As pho-
nemes more or less correspond with alphabetic letters, 
awareness of phonemes is associated with learning to 
read alphabetic orthographies, and this association is 
more robust in learning deep than shallow alphabetic 
orthographies due to the greater demands of dealing 
with inconsistent letter–sound mappings. For sylla-
baries, progress is related to sensitivity to larger units 
of sound, namely syllables. In alphasyllabaries, the 
hybrid symbols are treated globally at first with syllable 
awareness, the better predictor in early acquisition, but 
increasing understanding of the alphasyllabic nature of 
the symbols stimulates the gradual growth of sensitiv-
ity to small subsyllabic speech sounds.

In contrast, logographic systems are characterized 
by orthography-meaning mappings with the result 
that sensitivity to morphemes in speech is a strong 
predictor of literacy acquisition. Sensitivity to mor-
phemes in Chinese emerges in kindergarten, and the 
separation of morpheme from whole-word meaning 
becomes easier during the first two years of schooling. 
Nevertheless, logographic systems can also contain 
information about sound. In Chinese, morphemes 
often coincide with syllables in speech (e.g., 公羊/
gong yáng/ [literal translation: male sheep (i.e., ram)]), 
and the acquisition of symbol-meaning mappings 
therefore stimulates awareness of syllables. Although 

both types of awareness are predictors of progress, 
awareness of morphemes appears more important 
than awareness of syllables in learning to read Chinese.

Deep alphabetic orthographies like English often 
additionally encode morphemic information but less 
clearly than in a logographic orthography like Chi-
nese. Therefore, awareness of morphemes takes time 
to develop in English and becomes a more signifi-
cant predictor of reading than awareness of sound 
only after the initial acquisition phase is complete. 
The clear boundaries between the written sym-
bols for morphemes in logographic orthographies 
enhance their salience and ease acquisition. Further, 
there is a high incentive to develop such sensitiv-
ity in a language like Chinese because this enables 
the written forms of the numerous homophones to 
be discriminated. Similarly, in alphabetic French, 
morpheme awareness may develop early because it 
affords insight into the spelling of silent word end-
ings that signal grammatical or syntactic content.

Finally, the importance of literacy instruction 
methods in stimulating these types of awareness 
should not be underestimated. The emergence of 
phoneme awareness usually appears to be triggered 
by the explicit emphasis given to such sounds in 
alphabetic literacy instruction. Phonics instruction, 
where letters and sounds are taught together with 
how to combine these units to build words, produces 
a superior awareness of phonemes than look-and-
say instruction, which teaches associations between 
whole words and meaning. In some logographic 
orthographies, beginners initially receive instruc-
tion in a sound-based system (e.g., Pinyin), and these 
children can have comparable awareness of subsyl-
labic speech sounds to learners of alphabetic orthog-
raphies. This contrasts with the insensitivity to such 
units of sound shown by children taught the Chinese 
logographic symbols directly.

Progress	in	Learning	to	Read	and	Spell
Orthographies that code several aspects of speech, 
especially when the coding system is inconsistent or 
opaque, take longer to acquire than other systems. 
Most work on this question has been done with 
alphabetic orthographies, but the principle seems 
likely to apply to logographic systems as well. Chinese 
may take longer to acquire due to the sheer number 
of symbols to be learned and also because it is a sys-
tem that codes information about both meaning and 
sound and not always consistently.
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Although letter–sound knowledge is acquired rap-
idly in alphabetic orthographies regardless of ortho-
graphic depth, acquisition of basic literacy compe-
tence is much slower for deeper orthographies. The 
effects of orthographic depth can be observed for 
both word reading and pseudo-word decoding. For 
example, in English, two years are required to estab-
lish a sight vocabulary of common words and the 
ability to decode simple monosyllabic pseudo-words. 
Progress is also strongly affected by orthographic 
complexity (i.e., the consistency of symbol–sound 
correspondences and the number of syllables). The 
results for other alphabetic systems confirm that the 
rate of learning is much more rapid and that ceiling 
performance is typically approached before the end 
of the first year of acquisition. The effects of ortho-
graphic complexity do occur in the other languages 
but in a weaker form according to depth (e.g., Dan-
ish and French). The most shallow orthographies 
like Finnish show a rapid acquisition trajectory that 
ends before the first year of acquisition, much smaller 
effects of syllable number, and a greater fluency and 
speed of response. One additional feature of acqui-
sition in deeper orthographies is a wider variability 
in performance with large differences between indi-
vidual children in rates of progress and the point at 
which the ceiling is approached.

Other studies have documented different rates 
of acquisition between reading and spelling within 
orthographies according to the depth of the map-
pings in each direction. English is deep and Finnish 
is shallow in both mapping directions, but Greek 
is shallower in the reading (letter–sound) than in 
the spelling (sound–letter) direction, and similari-
ties observed in the predictors of performance for 
each language reflect this influence of orthographic 
depth. In addition to such effects of depth, statisti-
cal learning about the specific characteristics of the 
mappings within an orthography has been traced in 
studies of English, French, and Portuguese spelling. 
For example, preschool children who show sensitivity 
to the frequency of letter combinations in producing 
invented spellings perform better in formal spelling 
tests later at school.

The analysis of speech sounds that is required 
for spelling appears to enhance decoding skills in 
alphabetic orthographies of varying depth. Decod-
ing skills seem particularly important for improving 
knowledge about visual-orthographic characteristics, 
especially in deeper alphabetic orthographies where 

mismatches between symbols and sound occur fre-
quently in irregular words. In Chinese, writing skills 
are also a strong predictor of progress in reading pos-
sibly because writing advances visual-orthographic 
analysis, and the motor programming component 
may confer long-term memory benefits for learning 
the large set of logographic symbols.

In summary, literacy acquisition in shallow alpha-
betic orthographies requires the initial construc-
tion of a symbol–sound pathway, whereas learn-
ing to read in a deep orthography will additionally 
involve the support of a pathway linking symbols 
with meaning in order to deal with inconsistency in 
the symbol–sound mappings. This type of division 
of labor between the sound and meaning processing 
pathways seems likely to explain the longer acqui-
sition period observed in deeper orthographies not 
only in alphabetic but also in nonalphabetic systems. 
The size of the units involved in the predominant 
symbol–sound mappings can also differ between 
orthographies, but mappings involving larger or 
smaller units may be added during literacy develop-
ment if such mappings can resolve inconsistency or 
improve the coding of meaning within the system. 

Emerging studies of syllabaries, alphasyllabaries, 
and logographic systems suggest that similar prin-
ciples are respected across orthographies. Ultimately, 
reading progress is related to the ability to form links 
between written symbols, sound, and meaning in 
accordance with the characteristics of the particular 
orthography being acquired.

Lynne G. Duncan
University of Dundee
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Cross-Modal	Perception		
of	Speech
In their daily lives, infants are exposed to people talk-
ing to them, and as a result, they can see as well as hear 
their social partners. Thus, infants are usually exposed 
to audiovisual speech that consists of highly corre-
lated, complementary, and redundant auditory and 
visual speech signals. Importantly, audiovisual speech 

is special because it is perceptually more salient than 
auditory speech. Consequently, it would be advan-
tageous for infants to exploit the redundancy and 
greater salience of audiovisual speech as early as pos-
sible in order to acquire speech and language skills. 
Indeed, research has shown that infants are capable 
of cross-modal perception in general and that they 
can perceive the cross-modal aspects of speech in par-
ticular. In addition, it has been found that infants take 
advantage of audiovisual redundancy to acquire per-
ceptual and productive linguistic skills.

Experience with native speech begins during the 
last trimester of pregnancy, when infants hear their 
mothers’ vocalizations. The result of this is that new-
borns recognize the linguistic class to which their lan-
guage belongs. Nonetheless, newborns know virtu-
ally nothing about their native language, and it takes 
many months before infants begin to recognize the 
basic properties of their own language and they begin 
producing native speech sounds. Fortunately, starting 
at birth, infants begin to see, and this allows them to 
see as well as hear people talking. As a result, they gain 

Figure 1. Distribution of attention to the eyes and mouth of a video of a person speaking in 

monolingual infants’ native language. Shown in the figure are difference scores of the 

proportion of total looking time (PTLT) that infants devoted to the talker’s eyes and mouth, 

respectively. The difference scores were calculated by subtracting the mouth‐PTLT from the 

eye‐PTLT for each participant at each respective age (a PTLT score above 0 signifies greater 

looking at the eyes while a score below 0 signifies greater looking at the mouth). Error bars 

represent standard errors of the mean. The screen shots above the graph are representative 

scan patterns of the talker’s face in a 4‐, an 8‐, and a 10‐mo‐old infants as well as in an adult 

(each black dot represents a single visual fixation). 

Shown are difference scores of the 
proportion of total looking time (PTLT) 
that infants devoted to the talker’s 
eyes and mouth, respectively. The 
difference scores were calculated by 
subtracting the mouth-PTLT from the 
eye-PTLT for each participant at each 
respective age (a PTLT score above 
0 signifies greater looking at the 
eyes while a score below 0 signifies 
greater looking at the mouth). Error 
bars represent standard errors of the 
mean. The screen shots above the 
graph are representative scan patterns 
of the talker’s face in a 4-, an 8-, and 
a 10-month-old infant as well as in 
an adult (each black dot represents a 
single visual fixation).

Figure	1 Distribution of attention to the eyes and mouth of a video of a person speaking in monolingual infants’ native language
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access to redundant audiovisual speech. To maximally 
exploit audiovisual redundancy, infants must be able 
to integrate auditory and visual information. This 
means that they must detect various types of cross-
modal relational cues. These include auditory-visual 
(A-V) intensity, temporal synchrony, duration, tempo, 
rhythm and prosody, identity, gender, and co-location. 

For audiovisual speech, these cues are concurrently 
available at multiple and increasingly more complex 
levels of organization that include the phonetic, pho-
notactic, syntactic, lexical, semantic, and affective 
levels. Studies have only begun to examine whether 
infants can perceive these various speech-related cues. 
From a theoretical perspective, and based on previous 
findings from studies on infant perception of auditory 
speech, the ability to perceive these cues in audiovisual 
speech can reasonably be expected to emerge gradu-
ally as infants grow and gain increasing experience 
with their native language. So far, results from stud-
ies of infant response to nonspeech as well as speech 
events are generally consistent with this prediction.

Studies have found that newborns can perceive A-V 
intensity relations and the temporal synchrony of audi-
tory and visual communicative signals (i.e., monkey 
faces and vocalizations) but that they do not perceive 
the identity information inherent in them. Though 
limited, this basic ability permits infants to begin to 
discover the unity of audiovisual signals and lays the 
foundation for the eventual discovery of higher-level, 
more complex relational cues. Indeed, infants continue 
to be sensitive to A-V temporal synchrony relations 
after birth, although their perceptual sensitivity to such 
relations is three times poorer than it is in adults both 
for speech and nonspeech events. Once infants discover 
basic intensity- and synchrony-based A-V relations, 
a few months later, they discover others (e.g., dura-
tion). Similarly, in the audiovisual speech domain, by 
2 months of age, infants begin to perceive the cross-
modal relation between audible and visible syllables 
even in the absence of temporal synchrony cues.

No studies to date have investigated whether infants 
can perceive any of the higher-level perceptual speech 
cues cross-modally. The one recent exception is a study 
that has found that infants can perceive the cross-
modal identity of a specific language being spoken— 
presumably based on its unique prosody (i.e., 
rhythm)—but not until 10 to 12 months of age. Inter-
estingly and consistent with expectations, this ability 
appears many months after infants begin to perceive 
the prosody of auditory speech.

Although cross-modal perceptual abilities gener-
ally improve in infancy, the breadth of cross-modal 
tuning narrows as infants acquire increasingly 
greater but highly restricted experience with native 
communicative signals and as their perceptual exper-
tise grows. For example, by the end of the first year 
of life, infants no longer respond to the cross-modal 
coherence of other species’ faces and vocalizations. 
Similarly, whereas 6-month-old infants can perceive 
the cross-modal coherence of native and nonnative 
audible and visible phonemes, 11-month-old infants 
can only perceive the coherence of native phonemes. 
Studies using eye-tracking technology have found 
that infants begin to attend selectively to the source 
of audiovisual speech—the talker’s mouth—just as 
they begin canonical babbling and, thus, when they 
begin to acquire speech production capacity. 

Specifically, monolingual infants start lipreading 
between 8 and 10 months and do so regardless of the 
language spoken, but by 12 months, once they have 
begun to specialize in their native language, they cease 
lipreading native audiovisual speech but continue to 
lipread nonnative audiovisual speech (see Figure 1). 
Presumably, they continue to lipread at 12 months 
to disambiguate what has now become an unfamiliar 
language. Finally, bilingual infants (learning Catalan 
and Spanish) continue to lipread at 12 months even 
when exposed to their dominant language presum-
ably to maintain two distinct linguistic systems. In 
sum, the redundancy of audiovisual speech plays a key 
role in speech and language development in infancy.

David J. Lewkowicz
Florida Atlantic University
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Cross-Situational		
Word	Learning
There are an infinite number of possible word-to-
world pairings in naturalistic learning environments. 
One proposal to solve this mapping problem focuses 
on linguistic, social, and representational constraints, 
enabling learners to unambiguously decide the refer-
ent of a word at a single encounter. However, in many 
everyday scenarios, there are typically many words, 
many potential referents, and limited cues as to which 
words go with which referents. 

Each of such ambiguous learning contexts may 
not provide enough information to discover correct 
word-referent mappings. However, a cross-situational 
learning account suggests that the indeterminacy 
problem may also be solved cross-situationally, not in 
a single encounter with a word and potential refer-
ent but across multiple encounters and learning tri-
als. A learner who is unable to unambiguously decide 
the referent of a word on any single learning moment 
might nonetheless store possible word–referent pair-
ings across trials, evaluate the statistical evidence, and 
ultimately map individual words to the right referents 
through this cross-situational evidence. In this way, 
highly ambiguous learning contexts could nonethe-
less play a dominant role in word learning as learners 
calculate and use statistical information across mul-
tiple encounters with words and referents.

Willard Van Orman Quine, in 1960, famously 
presented the core problem for learning word mean-
ings from their co-occurrence with perceived events 
in the world. He imagined an anthropologist who 
observes a speaker saying, “Gavagai,” while point-
ing in the general direction of a field. The intended 
referent (rabbit, grass, the field, or rabbit ears, etc.) 
is indeterminate from this experience. To illustrate 

how cross-situational learning might work, we use 
a simple example of the kinds of learning experi-
ences that have been implemented in experimental 
studies of cross-situational learning: A learner hears 
the words ball and bat in the context of seeing the 
object ball and object bat; without other informa-
tion, the learner cannot know whether the wordform 
ball refers to one or the other visual object. However, 
if subsequently, while viewing another scene with 
the potential referents of ball and dog, the learner 
hears the words ball and dog, and if the learner can 
combine co-occurrence information from these 
two trials, the learner could correctly map ball to 
the object ball (and perhaps also infer the connec-
tion between the word dog and the object dog). The 
learner may further infer the mapping between bat 
and the object bat by propagating the knowledge of 
ball and the object ball backward to the first learn-
ing moment. Even with two learning moments 
individually ambiguous, the capability of aggregat-
ing statistical information across the two allows the 
learner to compute correct mappings. Although this 
solution seems to be quite straightforward, cross-
situational statistical learners need to possess a set 
of cognitive skills to accomplish the learning task:  
(1) they need to recognize both individual word 
tokens and individual objects, (2) they need to regis-
ter co-occurrences and non co-occurrences, (3) they 
need to remember previous word–referent pairings, 
(4) they need to aggregate the information across 
trials, and finally (5) they need to calculate the right 
statistics from cross-trial information.

Recently, a growing set of data shows that adults 
are quite good at this—adult learners are capable of 
learning from highly ambiguous contexts involving 
many words and referents, and they are able to com-
pute statistics over many possible word–referent pairs 
and, in doing so, narrow in on the right word–refer-
ent mappings. Experimental studies also indicate that 
infants and young children do this kind of learning as 
well. Further, it has been shown that, through cross-
situational learning, both adults and infants are able to 
learn not only basic-level object names but also action 
verbs and superordinate-level object category labels. 
In addition, learners are able to build not only one-to-
one mappings between words and referents, but they 
can efficiently extract both many-to-one (synonym, 
etc.) and one-to-many (homonym, etc.) word–refer-
ent mappings from cross-situational statistics. All this 
suggests cross-situational learning is a powerful and 
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general mechanism to extract statistical co-occurrence 
regularities across multiple learning moments.

The robustness of the learning, given brief cross-
situational training, suggests a possible role for cross-
situational learning in vocabulary development. There 
is no doubt that human learners (including young 
children) fast map names to things by solving the inde-
terminacy problem in a single trial—linking a novel 
word correctly to the intended referent through the 
use of social, linguistic, attentional, and conceptual 
constraints. But, the fast-mapping solution requires 
in-the-moment certainty, which most often cannot be 
guaranteed in the real world. Studies of the real-world 
learning environment indicate that parents, on average, 
direct between 300 and 400 utterances an hour to their 
children. So many words in so little time seem likely to 
generate considerable ambiguity about intended refer-
ents. Cross-situational learning as an additional kind 
of learning allows for substantial learning from learn-
ing environments with much in-the-moment ambigu-
ity. Such environments are so common that the sheer 
amount of statistical data provided in them is substan-
tial; hence, cross-situational learning has the potential 
to yield considerable word learning in the real world.

Recent	Debates
Successful experimental demonstrations also lead 
researchers to ask deep questions about learning mech-
anisms. Indeed, there is a recent debate on what the 
mechanism or system of mechanisms is that supports 
word–referent statistical learning. One theory is that 
the learner is assumed to represent sets of hypotheses 
about word-meaning mappings and then to accept or 
reject specific hypotheses based on the experienced 
input. Thus, the central idea of this hypothesis testing 
account is that learners represent specific hypotheses 
about word–referent pairings and then, in the face 
of experienced evidence, select among those hypoth-
eses based on some principled inference procedure. 
Within this framework, there are variants based upon 
the amount of information to be tracked, from single 
hypothesis testing, to multiple concurrent hypotheses 
proposed and confirmed, and to multiple hypothesis 
sets competing through Bayesian inference. 

Alternatively, an associative learning account states 
that learners can simply accrue co-occurrence statis-
tics as association strengths between words and refer-
ents. Over enough trials, these association strengths 
would converge on the real-world statistics. Within 
this account, infants may not have learned that an 

individual word refers to individual kinds of things 
but may only have built stronger associations of words 
to the targets than to the foils. These two learning 
mechanisms pose a theoretical challenge to our under-
standing: Can we have a unified theory of hypothesis 
testing and associative learning, or are they funda-
mentally different learning mechanisms? How do they 
work together if they are different mechanisms? Can 
we view hypothesis testing as a special case of statisti-
cal learning wherein there are enough constraints to 
clean up information and remove all the ambiguity in 
a single learning moment in the course of statistical 
learning? Can statistical learning be a more general 
framework with some more ambiguous learning situ-
ations and some relative clear-cut situations?

Another important question for future research is 
to understand how cross-situational learning solu-
tions can scale up and work well in the real world. If 
we conceptualize word learning in the real world as 
cross-situational learning, to what cross-situational 
word–referent statistics are young children exposed 
in their everyday lives? Do some activities in a child’s 
everyday life, such as picture reading or toy playing, 
provide better learning environments for cross-situa-
tional learning than other activities, such as bathing or 
eating meals? 

There are two noticeable characteristics in the 
real world that may facilitate cross-situational learn-
ing. First, there are additional cues available that may 
highlight the links between certain objects and certain 
words. For example, when hearing a name, the learner 
may not need to consider all of the objects equally as 
potential referents. Instead, some additional cues, such 
as visual dominance of an object over others in the 
learner’s view, may point to more plausible candidate 
referents over others. 

Second, learning in the real world is more dynamic 
and interactive as young learners not only passively 
process statistical information but also actively select 
information from the environment. Further, respon-
sive parents also adjust the information they present 
to young learners based on their reading of the child’s 
need. Taken together, there may be different kinds of 
cross-situational statistics in the real world compared 
with those designed and studied in laboratory settings. 
And, those statistical regularities may make statistical 
learning more efficient and effective in the real world. 

Chen Yu
Indiana University 
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Cultural	Learning
Cultural learning enables the transmission of knowl-
edge and skills from one individual, and one genera-
tion, to the next. (Such learning can be contrasted with 
the genetic transmission of information, based on bio-
logical inheritance, and with individual learning, based 
on a learner’s own experiences with the environment.) 
The importance of cultural learning in language devel-
opment is, thus, self-evident: Children learn the specific 

language(s) used by their caregivers and others in the 
community—a process that is independent of any bio-
logical relatedness and cannot plausibly be explained 
by individual learning. Rather, children acquire the lan-
guage of their community in the flow of social inter-
actions, guided by their early social-cognitive abilities. 
These social-cognitive abilities help children to deter-
mine (1) what to learn and (2) whom to learn from.

The question of what to learn becomes apparent 
when considering the case of early word learning. It is 
clear from everyday experience, and from research on 
language acquisition, that children acquire words in 
the flow of social interaction. Far less clear (and contro-
versially debated) is the question of how they are able 
to do this. The issue here is that, when children hear 
a novel word, they are confronted with a multitude 
of possible aspects of the world that this word could 
refer to. Given this problem, how can young children 
identify the referents of novel words? One first sugges-
tion may be that adults teach children new words by 
ostensive labeling. However, while children may learn 
new labels this way, this cannot be the full story. Cross-
cultural data highlight that children acquire words in 
a variety of settings, including some cultures in which 
they experience little or no ostensive labeling. And 
even when caregivers do engage in labeling, children 
pick up many words that they were not taught osten-
sively. In fact, parents only tend to label objects (but 
not, e.g., actions), and they frequently refer to objects 
that are not in the child’s focus of attention. Thus, in 
order to understand how children acquire words, it is 
important not only to focus on the caregivers but also 
to look at what skills and communicative understand-
ing young children bring to the task.

Sociopragmatic approaches to language acquisi-
tion propose that young children’s word learning is 
based on their early social-cognitive abilities, includ-
ing the ability to recognize others’ focus of attention, 
to interpret their intentional actions, and to discern 
their communicative intent. This proposal is sup-
ported first by word learning studies showing that 
young children’s language acquisition is in fact based 
on their understanding of others’ perceptions and 
actions and second by independent evidence show-
ing that children already possess the requisite social-
cognitive skills when they start to acquire language.

Research	on	Acquiring	Words
Research on early word learning by D. Baldwin, M. 
Tomasello, and many others has shown that children 
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as young as 18 to 24 months are able to acquire words 
in many different situations, including those in which 
simple association mechanisms or heuristics would 
fail them. For example, in a series of studies, D. Bald-
win and her colleagues have shown that children this 
age actively monitor the speaker’s focus of attention 
to identify which object a novel word refers to. That 
is, when hearing someone say “It’s a modi,” children 
related modi to the novel object that the speaker was 
attending to, even if they were playing with another 
novel object themselves and even if they could not see 
the referent at the time; for example, the speaker was 
gazing into a bucket and referring to the object hid-
den inside. Thus, when later asked to fetch the modi, 
children chose the object the speaker had attended 
to, not the one they had been playing with when they 
heard the novel label. And by 24 months, children 
even attend to the speaker’s referential behavior if 
this is pitted directly against object salience. This early 
sensitivity to a speaker’s line of regard explains why, 
despite the fact that caregivers frequently label objects 
that children are not attending to, children so rarely 
make word learning errors.

Furthermore, beyond the relevance of the speakers’ 
line of regard, young children are able to learn words 
in a flexible manner on the basis of their interpretation 
of others’ intentional actions—as shown in a series of 
studies by M. Tomasello and colleagues. For example, 
in the context of a finding game, an adult used a novel 
word (e.g., dax) to announce her intention to find 
something and then searched in a number of hiding 
locations all containing novel objects. When later asked 
to fetch the dax, children as young as 18 months chose 
the object that the adult had intended to find (as indi-
cated by her emotional reaction and termination of 
search), regardless of whether she had first come across 
other novel objects. Children this age were even able to 
identify the intended referent when the adult failed to 
open the target container as it turned out to be locked. 
In this case, children did not even see the referent object 
after hearing the novel word, and the adult responded 
with negative emotions, frowning at the locked con-
tainer. Nevertheless, children realized (as indicated by 
their subsequent object choice) that the novel word 
referred to the novel object that they knew to be inside 
the locked container. Thus, young children do not 
simply relate a novel word to the first novel object the 
speaker attends to or responds to positively, but instead 
they establish the intended referent by interpreting the 
speaker’s intentional actions in context.

Young children’s ability to acquire words based on 
their action interpretation extends to action words as 
well as object labels. For example, when an adult used 
a novel word to announce her intention to play a new 
game (e.g., “Let’s plunk Big Bird”) and then performed 
two actions, one marked as accidental (exclaiming 
“Whoops!”) and one marked as intentional (exclaim-
ing “There!”), young children related the novel action 
term to the intentional action—regardless of which 
action had come first in the sequence. This ability to 
acquire words in the flow of social interaction even 
holds when young children are not addressed directly 
but merely engage in eavesdropping.

Research on infants’ social-cognitive development 
supports the proposal that children possess the requi-
site abilities at the age when word learning takes off. 
Three interlinked research areas are of special inter-
est here: infants’ joint attentional skills, their ability 
to interpret others’ intentional actions, and their early 
communicative and pragmatic understanding.

Many researchers, from J. Bruner onward, have 
highlighted the importance of infants’ joint atten-
tional skills for their language acquisition. Joint atten-
tional skills start to emerge toward the end of infants’ 
first year of life. At a younger age, infants’ interactions 
can be characterized as dyadic; that is, infants either 
interact with objects, grasping and manipulating 
them, or they interact with another person, express-
ing emotions back and forth. But as infants approach 
their first birthday, they begin to engage in triadic 
interactions that involve the coordination of atten-
tion with people and objects, resulting in a referen-
tial triangle of infant, adult, and object or event to 
which they share attention. Infants now jointly engage 
with others, they follow into another person’s focus 
of attention by gaze and point following, they direct 
others’ attention through the use of gestures such as 
pointing, and they begin to imitate others’ actions. 
They also begin to engage in social referencing (i.e., 
when confronted with an ambiguous situation, they 
check their caregivers’ emotional reaction to see how 
to respond themselves).

These joint attentional skills form the basis for 
infants’ ability to identify what another person is 
focusing on or referring to. In fact, research on social 
referencing suggests that infants already display some 
referential understanding by 12 months of age: On 
hearing an adult’s outburst of disgust, infants will 
check their line of regard and will remain wary of 
the object the adult had been looking at. This, thus, 
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supports the claim that prelinguistic infants already 
possess some of the social-cognitive abilities needed 
to acquire words in the flow of social interaction.

The ability to interpret others’ action is also con-
sidered to be highly relevant for early word learning. 
Infants’ understanding of others’ intentional actions 
can be observed most clearly in the way they imitate 
other people’s actions. That is, 18-month-old infants 
have been shown to reproduce an actor’s intended 
action even if they never observed the action being 
performed successfully but only saw the actor’s failed 
attempt—suggesting that they can, in fact, infer what 
goal the actor was pursuing. Similarly, infants this 
age selectively imitate an actor’s intentional actions 
but not accidental ones (as marked by the actor’s 
verbal responses, saying “There” or “Oops,” respec-
tively). And even younger infants already show some 
understanding of others’ intentional actions, as indi-
cated by their differential responses to an actor who 
was either unwilling or unable to give the infants 
a desired toy. (That is, infants as young as 9 to 12 
months responded with more signs of impatience 
when the adult was unwilling—rather than unable—
to pass them the toy.) Thus, prelinguistic infants 
already possess some basic understanding of others’ 
intentional actions.

Third, there is the question of infants’ early com-
municative and pragmatic understanding. In order 
to establish what a novel word might refer to, young 
children need to be able to recognize and interpret 
other’s communicative intentions in context. Regard-
ing prelinguistic infants, their ability to recognize 
others’ communicative intentions has been studied by 
looking at their comprehension of others’ communi-
cative gestures, such as pointing. These studies suggest 
that 1-year-old infants recognize the communicative 
intent behind others’ gestures, that they can keep 
track of shared experience and interpret gestures on 
the bases of the common ground that they share with 
their interlocutors, and that they are able to respond 
to gestures in a third-party context.

The importance of children’s early social-cognitive 
abilities for their language development also becomes 
apparent when looking at the relation between chil-
dren’s early social-cognitive skills and their later lan-
guage outcome. For example, a number of longitudinal 
studies have demonstrated that individual differences 
in infant gaze-following predicted children’s later 
vocabulary scores. Similar links have been observed 
between children’s early gestural communication, in 

particular infants’ use of pointing gestures, and their 
later language development.

Beyond looking at how children determine what 
to learn, recent research has also investigated how 
children select whom to learn from. Children acquire 
language from the people around them, but not all 
potential models they encounter are equally reliable. 
So are young children selective in whom they learn 
from? And if they are, what are their choices based 
on? To address these questions, S. Birch, P. Harris, 
M. Koenig, and M. Sabbagh, among many others, 
have conducted a series of studies on young chil-
dren’s selective trust. This research has shown that, 
by the preschool years, children do show selectivity 
in whom to learn from.

Selective word learning is typically studied in nam-
ing tasks in which two informants provide contrast-
ing labels for an unfamiliar object. First, there is an 
introduction of the two informants that establishes, 
say, their accuracy versus inaccuracy in labeling famil-
iar objects. For example, one informant might call a 
ball a shoe, while the other one would call it a ball. 
During the test phase, novel objects are presented, one 
at a time. Children are asked to choose which infor-
mant they would like to ask for an object’s label, then 
both informants provide conflicting novel labels for 
that object (e.g., dax versus wug), and children are 
asked which label they endorse. 

Results from such studies suggest that preschoolers 
consider some models to be more trustworthy than 
other. Importantly, children keep track of the previ-
ous history of potential informants. Thus, they selec-
tively learn words from speakers who have previously 
been knowledgeable and accurate in labeling rather 
than those who have been ignorant or inaccurate. And 
they also selectively trust speakers who the majority of 
bystanders had previously consented with rather than 
dissented with.

Preschoolers’ selective learning is also guided by 
other characteristics of the potential informants. For 
example, preschoolers prefer to learn words from 
speakers who display relevant knowledge and con-
fidence rather than ignorance or uncertainty. They 
also preferentially endorse new words from a famil-
iar caregiver rather than an unfamiliar speaker (so 
long as they don’t have an avoidant attachment to the 
familiar caregiver), from an adult rather than a child 
(so long as it is not a children’s area of expertise), 
and from a speaker with a native accent rather than 
a foreign one (so long as this does not conflict with 
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the two informants’ previous histories of accuracy). 
Regarding the underlying mechanisms, research sug-
gests that preschoolers do attend to the novel labels 
provided by the previously inaccurate speaker but 
that they do not form a semantic representation. That 
is, they recall what label that speaker provided if asked 
for it immediately afterward, but they do not endorse 
it, and they do not recall it after a delay. Importantly, 
preschoolers’ selective trust is not specific to word 
learning, but it has also been demonstrated for the 
acquisition of morphology (and it also extends to the 
learning of nonlinguistic information, such as artifact 
functions).

While preschoolers’ selectivity in who to learn 
novel words from is well documented, much less is 
known about the foundations of this selective trust 
in younger children. However, some recent research 
findings have demonstrated selective word learning in 
1- and 2-year-old children. For example, 2-year-old 
children selectively learned from a confident model 
rather than from one who displayed uncertainty, and 
they avoided learning from a model who had a track 
record of uncertainty even when only one source of 
information was provided. Children this age were also 
guided by how a third party responded to a speaker’s 
claims. That is, they selectively endorsed the label that 
another person had assented with.

At an even younger age, children already show 
selective trust with respect to who to imitate. For 
example, 1-year-olds avoided imitating the novel 
actions of an actor who had previously acted bizarrely 
with conventional objects or who had previously 
shown unfounded emotional reactions. Early selec-
tive trust can also be observed in social referencing 
scenarios: Infants are more like to respond appro-
priately to emotional information provided by their 
mother than by a stranger.

Conclusion
In general, however, it is important to note that, while 
young children are not completely gullible word 
learners, they are not overly skeptical either. They 
readily acquire words from fairly unfamiliar speak-
ers (such as the experimenters in the word learning 
studies, reviewed above, on learning words within the 
flow of social interaction). Furthermore, young chil-
dren appear to respond to a history of uncertainty or 
inaccuracy rather than looking for evidence of confi-
dence or certainty. In sum, initially young children are 
fairly credulous and diligent cultural learners—mak-
ing them well equipped to acquire the language and 
cultural knowledge from their caregivers and other 
people around them.

Tanya Behne 
University of Göttingen
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Developmental	Dyslexia
Reading and writing are highly valued cultural activi-
ties in our societies; therefore, a lot of time and energy 
are invested in teaching them to children. Although a 
large share of the school-age population acquire them 
relatively quickly, a subset of children (approximately 4 
to 12 percent) experience severe difficulties in reading 
and spelling acquisition despite normal intelligence, 
normal perception, and adequate education, with 
effects that are persistent and difficult to treat. These 
children suffer from developmental dyslexia, one the 
most prevalent learning disabilities. In this entry the 
cognitive, cerebral, genetic, and environmental bases 
of the disorder are described, and the possible links 
connecting all these levels are highlighted. On top of 
the expected benefits for the diagnosis and the reme-
diation of dyslexic children, research on developmental 
dyslexia promises to shed some light on the complex 
causal chains among specific genetic, neural, and cog-
nitive factors that contribute to language development.

Definition,	Diagnostic	Criteria,	and	Prevalence
Developmental dyslexia, also referred to as specific 
reading disorder, is a neurodevelopmental learning 
disorder. As stated by the World Health Organiza-
tion, it is characterized by an inability to reach the 
expected competence level in reading despite normal 
intelligence, normal sensory functions, adequate edu-
cational conditions, and the absence of any acquired 

brain trauma or disease. Manifestations of the disor-
der can include impairments in reading comprehen-
sion, written word recognition, oral reading skill, as 
well as poor performance in any task requiring read-
ing. Difficulties with spelling are also often associated 
with developmental dyslexia.

Diagnosis of the disorder relies mainly on the 
scores obtained on individually administered and 
standardized tests of reading accuracy or compre-
hension being markedly below the expected outcome 
given chronological age and general intelligence level. 
Specific exclusion criteria are also applied, to rule out 
the potential involvement of any of the aforemen-
tioned factors, such as sensory deficits or inappropri-
ate learning conditions.

The prevalence of the disorder can vary based on the 
language system (in particular, depending on its ortho-
graphic transparency, i.e., the degree of regularity in 
spelling to sound correspondences). In English-speak-
ing countries, the prevalence in the school-age popula-
tion has been estimated to range from 5 to 12 percent 
depending on diagnostic criteria, while it is approxi-
mately 3 to 5 percent among Italian-speaking children.

Finally, there is now widespread agreement over a 
2:1 sex ratio in developmental dyslexia, with twice as 
many affected males than females.

Symptoms,	Comorbidities,	and	Evolution
The main symptom of dyslexia is a difficulty in learn-
ing the reciprocal mapping between phonemes and 

D



graphemes, which in turn significantly impairs writ-
ten word decoding and also spelling. 

Concerning comorbidities, it is fairly common that 
developmental dyslexia and specific language impair-
ment (SLI) co-occur, with an overlap of approxi-
mately 50 percent. Accordingly, the probability of 
showing developmental dyslexia is much higher in 
children diagnosed with SLI. Children with dyslexia 
can also be affected by other learning disabilities, such 
as dysorthography or dyscalculia. Motor coordination 
deficits can also co-occur with dyslexia, such as dys-
graphia and dyspraxia. Finally, children with dyslexia 
may present attentional deficits, like attention-deficit 
hyperactivity disorder, with a prevalence of approxi-
mately 30 percent. This high degree of comorbid-
ity between developmental disorders suggests partly 
overlapping etiological factors, which are currently 
being explored. Furthermore, the distress associated 
with the disability may secondarily engender mood or 
behavioral disorders.

After a formal diagnosis of developmental dyslexia 
(in children, usually established in second or third 
grade), the evolution of the disorder varies widely, 
depending notably upon the severity of the deficits, 
the spared cognitive capacities available for compen-
sation strategies, the instruction the child receives, 
and the intervention program he or she is involved 
in. Developmental dyslexia symptoms tend to persist 
throughout life, although reading abilities of course 
improve with training and by putting compensatory 
strategies into play. With time, reading difficulties 

tend to shift from reading accuracy to reading speed 
and to spelling.

Once the definition and diagnostic criteria are 
established, it is quite natural to ask what the under-
lying causes of dyslexia might be. Such causes may be 
described at the cognitive, neural, genetic, and environ-
mental levels, which are surveyed in turn (Figure 1).

Cognitive	Bases
As learning to read initially requires mastering the 
abstract relationships between speech sounds and 
visual stimuli, it is not surprising that the main cogni-
tive accounts of dyslexia have been phonological and 
visual in nature. These hypotheses will be presented 
thereafter with a brief outline of supporting evidence.

Phonological	Deficit	Theory
The phonological deficit theory is currently consid-
ered as the main theoretical account for developmen-
tal dyslexia. This hypothesis stems from the observa-
tion that the major and most consistently reported 
impairments in dyslexia include deficits in phono-
logical awareness (i.e., the capacity to grasp the pho-
nemic structure of language and to mentally manipu-
late speech sounds), rapid lexical retrieval, and verbal 
short-term memory (i.e., the ability to retain and 
repeat verbal material of increasing length). Poor 
performance in these domains can be identified even 
before reading acquisition in games involving rhym-
ing (e.g., find the odd one out in bat, cat, and pig) or 
requiring the representation and manipulation of 
phonemes, such as spoonerisms (for instance, hav-
ing to transform soft ball into boft sall). Performance 
in tasks tapping phonological awareness has been 
shown to be a good predictor of later reading abili-
ties in many languages. The same has been observed 
for automatized lexical retrieval, assessed by having 
participants name as rapidly as possible series of well-
known objects, colors, or digits (a task referred to as 
rapid automatized naming [RAN]). Early measures of 
phonological awareness and RAN taken at age 4 may 
together help correctly classify as much as 80 percent 
of cases of poor and normal readers at age 8.

Individual profiles along the aforementioned 
dimensions (phonological awareness, rapid lexi-
cal retrieval, and verbal short-term memory) vary, 
leading to the possibility of subtypes. Nevertheless, 
it appears that the most prominent behavioral cor-
relates of developmental dyslexia are united by their 
involvement of phonological representations, hence 
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Figure	1 Schematic representation of the elements involved 
 in the aetiology and manifestation of developmental 
 dyslexia



the consensus over the possibility of a phonological 
deficit. Crucially, these impairments have been found 
not only in age-matched comparisons of dyslexic sub-
jects and controls but also in studies comparing dys-
lexic participants to controls matched for their read-
ing performance. This is particularly important given 
that competence in reading also influences phono-
logical abilities, thus possibly questioning the causal 
relationship between these two in developmental dys-
lexia. Additionally, and again reinforcing the idea of a 
phonological impairment underlying the reading dif-
ficulties, longitudinal studies have shown that some 
precursors of phonological deficits can be observed as 
early as in the first year of life in the form of poor cat-
egorization or discrimination of speech sounds.

Once the presence of a phonological deficit is 
established, further questions arise concerning the 
exact nature and bases of the phenomenon. A first 
aspect concerns its specificity to language as opposed 
to it being part of a broader auditory defect. A sec-
ond aspect regards the very nature of the deficit, that 
is, whether phonological representations might be 
somewhat degraded, noisy, or lacking temporal or 
spectral resolution, or not. Definitive responses to 
these questions have not come yet. A number of audi-
tory deficits have been shown, although only in a sub-
set (approximately 40 percent) of the dyslexic popu-
lation. Some evidence exists in favor of these being 
more prominent in the case of linguistic stimuli, but 
this remains to be confirmed. Finally, recent data sug-
gests that, rather than the quality of the phonologi-
cal representations themselves, their actual access and 
storage could be affected.

Visual	and	Visuo-Attentional	Theories
The visual hypothesis was historically the first to be 
proposed, with William Pringle-Morgan in 1896 
defining dyslexia as a congenital word blindness. This 
initial conjecture later evolved in the hypothesis of a 
deficit in the magnocellular visual system, a specific 
part of the visual system devoted to the coarse analy-
sis of visual stimuli as well as detection of movement 
and of rapid changes. The hypothesis is based on the 
evidence of poorer performance in dyslexic subjects 
compared to controls in tasks involving contrast 
detection and coherent motion identification (a test 
in which the subject has to pay attention and report 
the movement of random dots as some of them move 
coherently toward one direction). Furthermore, it has 
been suggested that this magnocellular defect could 

affect not only the visual but also the auditory path-
ways, with implications for the processing of rapid 
temporal information in both modalities.

These ideas, however, are still controversial. The 
most important limit of the visual hypothesis is that, 
in most cases, the subtle visual deficits that it is based 
upon appear in association with phonological deficits, 
thus questioning their impact on reading acquisition 
beyond that of phonological abilities. The great het-
erogeneity in the experimental observations on mag-
nocellular-related tasks and the difficulties in clearly 
establishing a causal link between these and reading 
abilities are current challenges to the hypothesis that 
future research could help to clarify.

More recently, the idea of a visual-attentional defi-
cit has also been put forward, following the observa-
tion that dyslexic children can show impairments in 
the orientation of attention. For example, in tasks 
requiring the identification of a target presented 
shortly after another visual stimulus, the interval 
required between the two stimuli for the target to be 
seen is longer in dyslexic participants than it is in con-
trols. Difficulties in orienting and disengaging atten-
tion appear to be present in both visual and auditory 
domains. These might be directly related to a putative 
magnocellular deficit, although further research is 
needed on this issue. An intriguing hypothesis is that 
attentional deficits in dyslexia may be most prevalent 
in languages with a transparent orthography (e.g., 
Italian), which raises the possibility that different 
types of cognitive deficits may impact reading ability 
differently depending on orthography (see below).

Finally, a deficit in the visual attention span (i.e., 
the number of letters in a word that can be identified 
with a single fixation) seems to characterize a limited 
number of dyslexic subjects who do not show any 
phonological impairment. These individuals could 
thus form a completely distinct group in develop-
mental dyslexia with a potentially different etiology.

Thus, a certain degree of heterogeneity may exist in 
developmental dyslexia, with a main subtype charac-
terized by a phonological deficit and a second subtype 
presenting visuo-attentional impairments. In addi-
tion, and independently from that, slightly different 
reading profiles can be seen, with some dyslexic sub-
jects showing greater difficulties in reading irregular 
words (words presenting incongruent grapheme-to-
phoneme mapping, such as yacht or pint) and others 
struggling more when having to decode pseudo-words 
(sequences of letters that are legal and pronounceable 
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in the language of interest but do not correspond to 
any actual lexical entry in the vocabulary, for exam-
ple, shum, tuke, letor). Success in each of these tasks is 
supported by either one or the other route described 
by the well-known dual-route model of reading and 
might to a certain extent depend on the type of reme-
diation strategy applied.

However, it is important to note that subjects 
affected by developmental dyslexia are typically worse 
than controls in decoding both irregular words and 
pseudo-words and, more important, that slight differ-
ences in reading profiles do not seem to correspond to 
distinct etiologies in developmental dyslexia.

In conclusion, although the phonological theory is 
the predominant cognitive explanation for dyslexia, 
other hypotheses have also been formulated that 
might account for the disorder in at least certain sub-
sets of dyslexic individuals. Moreover, further research 
will be required to elucidate the precise nature and 
origin of the phonological deficit itself.

Cerebral	Bases
Whatever the underlying cognitive deficit in dyslexia 
might be, it must have a brain basis. Reaching a fine 
and detailed description of the anatomical and func-
tional correlates of the disorder would provide useful 
insights into its neurobiological origins.

The search for neurological correlates of the dis-
order started with the postmortem work of Albert 
Galaburda and colleagues around 1980. By dissecting 
the brains of a few dyslexic patients, they revealed the 
presence of cortical and subcortical anomalies in these 
subjects. In particular, they found a number of signs 
of abnormal neuronal migration. This phenomenon, 
which takes place during fetal development (approxi-
mately between the 16th and 24th week of gestation), 
is characterized by the transfer of neurons from the 
ventricular zone to the cortex. It is a key step in the 
development of the cortex, resulting in the typical six-
layer organization. When some neurons do not reach 
their appropriate location but instead over-migrate 
to cortical layer I, ectopias may arise, that is, aggre-
gates of 50 to 100 misplaced neurons. The organiza-
tion of the surrounding cortex is usually affected in 
what are called dysplasias. In some cases, microgyri 
may also arise, where the organization of all six layers 
is altered. In all dyslexic brains that Albert Galaburda 
and colleagues examined, the aforementioned cortical 
anomalies were found in much higher numbers than 
in controls, mostly in the left hemisphere superior 

temporal and inferior frontal regions. In addition, all 
brains studied presented abnormal patterns of asym-
metry of an auditory associative region, the planum 
temporale. In the normal population, the majority 
of cases present a marked leftward asymmetry of this 
structure. The dyslexic brains, however, presented 
a different pattern, with the two plana being more 
symmetrical. Finally, abnormalities in the thalamus 
were observed that inspired the magnocellular theory 
mentioned above.

From the aforementioned anatomical observa-
tions, one can draw a number of conclusions related 
to the cognitive causes of dyslexia. For example, pla-
num temporale symmetry and neuronal migration 
anomalies in the left superior temporal regions can 
be assumed to give rise to the phonological deficit as 
these are associative auditory areas involved in lan-
guage. Another hypothesis is that disruptions in the 
thalamus (particularly in the magnocellular path-
way) are in direct causal relation with the visual and 
auditory deficits posited by the magnocellular theory. 
Animal models offer a very valuable tool to provide 
answers to this type of conjecture. Experiments on 
induced or naturally occurring neuronal migration 
anomalies in rats have shown that thalamic disrup-
tions are more likely to be a consequence than a cause 
of the cortical anomalies and that they only occur 
under specific hormonal conditions (i.e., in males 
or in androgenized females). When they do develop, 
visual and auditory deficits are observed. Otherwise, 
the observed impairments mostly concern spatial and 
nonspatial working memory and learning. It follows 
that the visual and auditory defects in developmental 
dyslexia might be secondary, rather than its cause, and 
not essential to the emergence of the disorder. Addi-
tional important information that animal research 
has provided is that cortical regions in which neuro-
nal migration anomalies arise exhibit alterations of 
cortico-cortical connectivity. The disruption of local 
and distant connections could offer an explanation of 
how the effect of focal defects can spread to the net-
work level and thus potentially impact behavior.

Following the anatomical postmortem work, a 
great number of studies have tried to characterize the 
brains of dyslexic people in vivo through the use of 
imaging techniques such as positron emission tomog-
raphy (PET) and magnetic resonance imaging (MRI). 
These lines of research are still ongoing.

From a functional point of view, great efforts have 
been made to describe the network of brain areas 
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involved in reading on the one hand and to character-
ize the response of dyslexic subjects compared to that 
of controls on the other hand. As depicted in Figure 2, 
reading in typical, expert populations recruits a vast 
network of cerebral regions in the left hemisphere, 
from posterior occipito-temporal and temporo-pari-
etal regions to inferior frontal areas. 

These components of the reading network appear 
to subserve specific functions and are organized as 
follows. The left occipito-temporal region is involved 
in the processing of letter strings. It is organized in a 
posterior-to-anterior gradient of specialization going 
from the analysis of letter features to that of whole 
words. It constitutes the visual entry onto the ventral 
orthographic system, which in expert readers allows 
for a fast and automatized processing of written words, 
directly associated with regions representing sound 
and meaning. The left temporo-parietal region has 
been shown to play a crucial role in phonological pro-
cessing and grapheme-to-phoneme mapping. The left 
inferior frontal area appears to be involved in a plural-
ity of functions, among which are articulation, subvo-
cal rehearsal, and verbal working memory. These two 
regions are thus central to the phonological system, 
which is essential to decode new or pseudo-words. 
During reading development, a gradual shift is seen 
from the initial weight given to phonological decoding 
toward the automatization of word processing.

Functional activation in all of these subsystems 
has been shown to be altered in dyslexic subjects 
when asked to perform phonological or reading 
tasks. Hypoactivation of the temporo-parietal and 

occipito-temporal regions has consistently been 
reported in children and adults with dyslexia, some-
times accompanied by hyperactivation in right 
homologous areas (although meta-analyses indicate 
that this is less consistently observed). Furthermore, 
neuroimaging studies in pre-readers at risk for dys-
lexia carrying out phonological tasks suggest a causal 
relationship between altered patterns of activation 
and the reading impairment itself. Finally, there 
remains controversy over whether dyslexic partici-
pants’ inferior frontal cortexes show hypo- or hyper-
activation. The answer may depend on participants’ 
ages and on the tasks.

Although the typical resolution of an MRI does 
not yet allow visualizations of disruptions as small as 
ectopias, various properties of the grey and white mat-
ter can be explored and compared across populations. 
These measurements can be made over the whole brain 
or on specific regions of interest. Structural differences 
have been reported in the same areas as functional 
differences, with dyslexic subjects typically showing 
reduced grey matter volume when compared to age-
matched controls. Although interesting, this type of 
analysis does not allow establishing the direction of 
causality, as reduced grey matter volume could also 
be a consequence of affected reading performance or 
inferior print exposure in dyslexic patients. However, 
one imaging study on pre-readers has reported differ-
ences in left occipito-temporal and bilateral temporo-
parietal grey matter when comparing kindergartners 
with a familial risk of dyslexia to kindergartners with-
out. Thus, it appears that some of the reported altera-
tions in grey matter volume may well be the correlates 
of a primary structural defect. Understanding whether 
there is a direct link between these observations and 
the cortical anomalies identified in postmortem stud-
ies should be the focus of future research.

Finally, a few studies have identified functional and 
structural alterations in the cerebellum, a structure 
essentially involved in motor control but also crucial 
for skill acquisition and automatization. Cerebel-
lar dysfunctions in developmental dyslexia might be 
part of a network of brain disruptions linked to the 
emergence of the disorder, although further evidence 
is needed to support this hypothesis.

In addition to grey matter structure, white matter 
fiber properties have also been under intense scrutiny 
in the last few years, thanks to diffusion tensor imag-
ing (DTI). This technique offers the possibility to 
uncover variations in structural connectivity in vivo. 
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Figure	2 Schematic representation of the key regions involved
 in the reading network and some of the white  
 matter tracts connecting them
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Differences between control and dyslexic subjects have 
emerged, mostly clustered in the temporo-parietal 
region around a few tracts that connect the anterior 
and posterior components of the reading network (as 
schematically represented in Figure 2). Furthermore, 
in proximity to this cluster, correlations between read-
ing skills and the structural integrity of fibers have 
been established, even in samples including only nor-
mal readers.

To summarize, research exploring the cerebral bases 
of developmental dyslexia has brought interesting 
insights concerning a possible causal chain linking cel-
lular anomalies to altered local and more widespread 
cerebral connectivity, structure, and activation. Other 
relevant elements in this sequence are the impact of 
genetic factors, which lie at its very origin, and envi-
ronmental influences, potentially affecting each and 
every one of the described steps (Figure 1). The genetic 
bases of the disorder and environmental influences 
will be addressed in the next two sections.

Genetic	Bases	
The idea of a potential genetic basis for developmen-
tal dyslexia emerged almost as early as the discovery 
of dyslexia, based on the observation of multiple 
cases within certain families. The risk of developing 
a reading impairment in siblings of dyslexic children 
is about 40 to 50 percent. Clearly, these observations 
are only suggestive of a possible genetic involvement, 
given that a number of environmental factors are also 
shared within families.

More insights on this issue first came from twin 
studies, which allow estimating the weight of genetic 
versus environmental factors by comparing mono-
zygotic to dizygotic twins. Indeed, while sharing the 
fact of having experienced a common fetal environ-
ment and familial context, monozygotic and dizygotic 
twins differ in the amount of genetic material that 
they have in common. Concordance rates measured 
between twins in several extensive studies revealed 
a heritability of developmental dyslexia of approxi-
mately 50 percent, meaning roughly equal contribu-
tions of genetic and environmental factors.

Other possible approaches include linkage analy-
ses, which are based on the identification and exami-
nation of chromosomal regions that are more often 
transmitted from parents to affected children than to 
unaffected ones. A total of six regions located on dif-
ferent chromosomes (1, 2, 3, 6, 15, and 18) have been 
determined thanks to this strategy, highlighting the 

complexity of the genetic component in developmen-
tal dyslexia. Multiple genes are found in these chro-
mosomal regions of interest, thus requiring long and 
effortful studies to pinpoint the few potentially rele-
vant ones. So far, four susceptibility genes have been 
identified and at least partially replicated in different 
populations, while another 10 are still to be confirmed. 

The first candidate susceptibility gene for develop-
mental dyslexia, identified in 2003 in a Finnish family, 
is known as DYX1C1 and is located on chromosome 15. 
Further analyses in the Finnish population confirmed 
this initial finding, and replication attempts have 
yielded mixed results. Two candidate genes have also 
been proposed on chromosome 6, namely KIAA0319 
and DCDC2, and have been consistently replicated. 
Finally, the gene ROBO1 on chromosome 3 has been 
identified in a large four-generation Finnish family and 
successively also in two independent samples from the 
United States and the United Kingdom.

Once susceptibility genes are proposed, the next 
step is trying to understand how these can impact the 
brain and cognitive skills. Accordingly, hypothetical 
mechanisms are starting to emerge. Some evidence 
exists that at least a subset of the aforementioned sus-
ceptibility variants in those genes affects the expres-
sion of the corresponding proteins. Concerning the 
function of those proteins, progress has been made in 
recent years. It is now known that ROBO1 is widely 
expressed in the nervous system and encodes a recep-
tor protein that plays an essential role in guiding the 
outgrowth of neurons and dendrites during the for-
mation of neuronal networks. As for the other three 
genes, animal studies have been of great help in shed-
ding some light on their functional properties. Inter-
fering with the expression of DYX1C1, KIAA0319, 
and DCDC2 homologues in the developing cortexes 
of rats produces major effects on neuronal migration, 
including the appearance of ectopias in the adult cor-
tex. The link with the early postmortem findings in 
the brains of dyslexic patients is striking and deserves 
further investigation. Furthermore, from a behavioral 
point of view, impairments in auditory skills, learn-
ing, and working memory have been reported in 
these animals. Though in its first steps, the evidence 
from animal studies suggests a role for the identified 
susceptibility genes in neuronal migration and thus 
offers a plausible link between observations at the 
genetic and at the cerebral levels.

Further exploration of the possible links among 
genes, cerebral phenotypes, and behavior in affected 
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and unaffected subjects has also provided some valu-
able information. DYX1C1, KIAA0319, and DCDC2 
have all been associated with variations in reading 
ability in the normal population. In addition, in dys-
lexic children and their siblings, verbal short-term 
memory appears to be linked to specific haplotypes in 
DYX1C1, ROBO1, and DCDC2, while RAN has been 
linked with a chromosomal region in close vicinity 
to the loci of KIAA0319 and DCDC2. Although rep-
lication will be required, an interesting link between 
white matter volume and DYX1C1, KIAA0319, and 
DCDC2 in unaffected children and young adults has 
been established, with all three genetic associations 
pointing to the same left temporal-parietal region, 
which had already been identified in diffusion imag-
ing studies of dyslexia. Furthermore, normal adult 
readers bearing dyslexia susceptibility alleles in the 
KIAA0319 region display reduced leftward functional 
asymmetry in the posterior temporo-parietal region 
while performing a reading task.

In conclusion, the state of the art of genetic inves-
tigations in developmental dyslexia underlines the 
complexity of the disorder’s genetic landscape. Much 
remains to be understood regarding the identified 
genes and other potentially implicated ones. Never-
theless, and although preliminary, evidence emerg-
ing from animal models and human genetic studies 
points toward a genetically driven neuronal migra-
tion disruption that impacts cortical development 
and organization, resulting in potential connectiv-
ity, structural, and functional impairments and ulti-
mately in specific cognitive effects. Many hypothetical 
causal steps in this model will require confirmation 
and will greatly benefit from further investigation. 

Environmental	Factors
Finally, this entry has previously mentioned that the 
heritability of developmental dyslexia is approximately 
50 percent; thus, a large part is left for environmental 
variables to influence susceptibility and outcome. This 
type of variation is relatively understudied, given the 
potential difficulties encountered in identifying and 
measuring some of the relevant variables. It is however 
important to keep in mind that similarly to other com-
plex genetic diseases, multiple genetic factors interact 
with each other as well as with the environment, mod-
ulating together the susceptibility to the disorder. 

Among the environmental factors that may be 
playing roles in the context of dyslexia, some might 
be very early ones, such as the multitude of hormonal 

and nonhormonal factors to which the child is 
exposed while still in the womb. Early child care and 
language exposure certainly play roles in developing 
the child’s language abilities at pre-reading stages. 
Later influences might arise from the home literacy 
environment, the degree of early print exposure, and 
the schooling system. Although diagnostic criteria 
exclude inadequate learning conditions, much room 
is left for variation in socioeconomic backgrounds 
and teaching styles.

Socioeconomic status (SES) is one of the few fac-
tors that have been considered in studies of normal 
and impaired reading acquisition. It is a rich construct 
based on parental income and education, and as such, 
the influence it exerts over the brain and behavior 
might be mediated by subfactors touching different 
aspects of the child’s life and environment. SES has 
been shown to play a major role in reading perfor-
mance in the general population, predicting up to 20 
percent of the variance in reading ability between 8 
and 10 years of age. In particular, it appears to have a 
specifically high impact in the presence of risk factors 
such as poor phonological awareness. As far as devel-
opmental dyslexia is concerned, interactions between 
genetic factors and SES have been suggested, with 
higher heritability rates in high SES contexts than in 
lower ones. In addition, a recent study on dyslexic 
subjects and siblings indicates that DYX1C1 modu-
lates reading performance in interaction with birth 
weight and parental SES.

Another environmental factor of great importance 
is the orthography that the child is confronted with, 
as there is considerable variation in how consistent 
or transparent the mapping between graphemes and 
phonemes is and, thus, in the time and effort required 
to learn it. Accordingly, orthographic opacity (incon-
sistent grapheme–phoneme relationships) has been 
shown to play an exacerbating role in the context of 
reading impairment, hence increasing reading diffi-
culties and the prevalence of dyslexia particularly in 
English and French-speaking environments.

Apart from the cited work on the impact of SES and 
of different orthographies, many of the environmen-
tal variables mentioned above have been much disre-
garded in relation to their potential roles in the etiology 
of the disorder. Nevertheless, early findings on envi-
ronmental effects and gene–environment interactions 
suggest that multiple risk factors might be interacting 
in developmental dyslexia, modulating susceptibility 
in complex ways. Further investigations will be needed 
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for a clearer picture of the interplay between genetic 
and environmental factors in dyslexia to emerge.
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Diagnosing	Language	
Impairments
A diagnosis is a clinical judgment regarding the pres-
ence or absence of a particular condition, such as lan-
guage impairments in children. In some cases, it may 

be possible to identify the etiology of the language 
impairment (e.g., secondary to autism, intellectual 
disability, traumatic brain injury, etc.). However, often 
a diagnosis of specific language impairment is made, 
suggesting that there is no comorbid condition that 
explains the presence of the language impairment. 
Clinically, a determination of etiology is not necessary 
to treat language impairment if the characteristics of 
the condition have been thoroughly described and 
appropriate objectives for language therapy identified.

The diagnosis of language impairment is made 
only after a thorough assessment has been conducted, 
resulting data have been analyzed and interpreted, and 
cultural influences have been considered for children 
who speak a primary language other than English or 
a regional dialect. The diagnosis should be supported 
by a comprehensive written diagnostic report, which 
sets forth all the information the clinician considered 
before making a diagnosis. Therefore, a description of 
the content of the diagnostic report serves as a good 
framework for understanding the necessary processes 
of collecting, analyzing, interpreting, and reporting 
data to arrive at a well-reasoned diagnosis.

Report	Sections	and	Requirements
There is no one universally accepted format for a 
diagnostic report; requirements will vary according 
to the setting and clinician preference. In general, 
however, the diagnostic report includes an introduc-
tory section, a body, and a conclusion. The introduc-
tory section includes the concerns that precipitated 
the assessment of a child’s speech and language. 
These concerns are often referred to as the present-
ing complaint. The introductory section also gives 
information regarding the child’s developmental, 
medical, social, and educational history. The body of 
the report presents the quantitative and qualitative 
data collected during formal and informal, or child-
specific, assessment procedures. The concluding sec-
tion of the report discusses the clinician’s interpreta-
tion of the findings. A diagnostic statement is then 
given, stating whether or not a language disorder 
exists, and if it does, describing characteristics and 
level of severity of the disorder. A related statement, 
the prognostic statement, may follow the diagnostic 
statement to give the opinion of the reporting clini-
cian concerning the probable course of the disorder, 
with or without treatment. If a need is indicated 
for therapy, the diagnostic report ends with recom-
mendations for frequency and duration of therapy 
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sessions and suggestions for behaviors to be targeted 
for remediation. The concluding section should also 
include appropriate further referrals, such as to an 
audiologist, psychologist, or other professional.

In addition to the presenting complaint, the intro-
ductory sections of the diagnostic report supply iden-
tifying information, such as the child’s name, age (in 
months and years), gender, race, and ethnicity. The 
persons who accompanied the child to the clinic and 
any other referring parties (e.g., teachers, health care 
professionals, etc.) are also identified. Information is 
then set forth regarding the child’s birth and devel-
opment, medical history, family and social history, 
and educational history. Pertinent details about the 
mother’s pregnancy and delivery are described, as are 
the milestones of development, such as the age when 
the child crawled, sat up, walked, said a first word, 
and so forth. Relevant medical history is reported, 
including past medical conditions or procedures, any 
primary diagnoses, allergies, prescribed medications, 
and any ongoing medical intervention the client 
may currently be receiving. Family and social history 
includes a statement as to the persons the child lives 
with and spends the most time with and describes the 
child’s reported ability to socially interact with adults 
and peers in the environment. Educational history 
gives information regarding the child’s current edu-
cational placement and reported academic progress. 
Any services the child may be receiving through pub-
lic schools, private schools, clinics, or elsewhere are 
also identified.

The body of the diagnostic report describes the 
assessment results. Quantitative data resulting from 
standardized testing are given, as are qualitative and 
quantitative data collected from language sample 
analysis and from informal, child-specific procedures 
designed to probe possible deficits in areas of expres-
sive and receptive language skills.

Scores are reported for standardized tests given. 
The specific tests given are named and described (e.g., 
“The Receptive One-Word Picture Vocabulary Test 
was given to assess comprehension of single words 
using a point-to-picture format.”). Standard scores 
and percentile ranks are usually given, and the cli-
nician may also elect to report stanine levels. Often, 
age equivalencies or grade equivalencies, or both, are 
also reported, but a diagnosis of a language disorder 
should not be made solely on the basis of an age or 
grade equivalency, which are not standardized mea-
sures of language skills.

The bulk of the body of the diagnostic report 
consists of reporting results of child-specific, infor-
mal assessment procedures, especially results from 
language sample analysis. A thorough diagnostic 
report gives information not only regarding the 
errors the child makes but also gives an inventory of 
demonstrated language skills. The clinician reports 
qualitative data regarding production of syntactic 
and morphologic structures, semantic proficiency, 
exhibited pragmatic language skills, and receptive 
language. Quantitative data are commonly reported 
for mean length of utterance (MLU) and type-token 
ratio (TTR).

Specific syntactic and morphologic structures pro-
duced by the child are described in the body of the 
diagnostic report. Basic types of sentences produced, 
such as declaratives, imperatives, and interrogatives, 
are noted, as are phrase and sentence structures pro-
duced, such as subject–verb–direct object or adjec-
tive–object structures. Morphologic components 
produced, such as present progressive –ing, past tense 
–ed, or plural –s are also described.

The length of a child’s utterances is also reported, 
through calculation of an MLU. The MLU is reported 
either in terms of MLU by words, sometimes called the 
mean length of response, or MLU by morphemes. For 
MLU by words, the total number of words the child 
uses during a language sample is divided by the total 
number of utterances. For MLU by morphemes, the 
total number of free and bound morphemes produced 
by the child is divided by the total number of utter-
ances. As a general rule, children between the ages of 
1 and 5 years should have an MLU equal to their age. 
After the age of 5, the MLU loses some diagnostic sig-
nificance, and some researchers believe it to be, at best, 
a gross and imprecise measure of language proficiency. 
Nonetheless, many clinicians include consideration of 
a child’s MLU in diagnosing language impairment.

A child’s proficiency in the semantic component of 
language is typically judged by the variety and level 
of complexity of a child’s vocabulary. A clinician sub-
jectively determines the sophistication of a child’s 
lexicon and knowledge of basic concepts such as size, 
shape, color, number, opposites, categorization, and 
so forth. A TTR may be calculated as a way to quan-
tify a child’s production of varied vocabulary. There 
are several ways of calculating a TTR, but the simplest 
method consists of dividing the number of different 
words produced by the total number of words, result-
ing in a decimal. It is generally thought that a TTR 
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of 0.5 or above indicates an adequate vocabulary; the 
more varied the vocabulary of the child is, the higher 
the calculated decimal will be.

Observations of the child’s pragmatic language 
skills, or social use of language, are also noted in the 
diagnostic report. Some of these observations should 
be made and recorded during the language sample 
procedure, as it is not always possible to determine 
proficiency in certain pragmatic language skills, such 
as giving eye contact and using appropriate gestures, 
through examination of a language transcript. The 
clinician should describe the child’s discourse skills 
by noting proficiency in initiating topics, maintaining 
topics for a reasonable amount of time, and gracefully 
shifting to another topic during conversation. Nar-
rative skills are also commonly described in terms 
of the child’s ability to sequence a number of events 
and to give details regarding settings and characters. 
Other behaviors that may be noted include turn tak-
ing, eye contact, conversational repair, and initiating 
and responding to bids to establish joint attention. 
Qualitative data are further supported by providing 
quantitative data regarding demonstrated pragmatic 
language skills. For example, the clinician may report 
the number of times a child makes eye contact and 
the average length of time eye contact is held or the 
number of conversational turns the child takes in a 
prescribed period of time. As in other areas of analy-
sis, the report should note not only deficits but also 
strengths in pragmatic language skills.

A child’s receptive language skills are commented 
upon in the diagnostic report. In addition to report-
ing scores on standardized tests for receptive language, 
the clinician also notes indications of a child’s level 
of receptive language during language sampling and 
other informal assessment procedures. For example, 
the clinician might describe how well the child fol-
lowed one-step, two-step, or three-step directions and 
at what level the child failed to follow directions. The 
clinician can include information on how well the 
child identified common objects or pictures of com-
mon objects or on how well the child sorted pictures 
into categories. A clinical judgment may be made 
regarding the appropriateness of the child’s answers to 
wh- or yes-or-no questions, indicating an understand-
ing of the questions asked or a lack of understanding.

Deficits that the clinician may have noted during 
standardized testing and language sample analysis may 
have been further probed during assessment, using 
informal child-specific assessment tasks. For example, 

if the child did not produce past tense –ed during stan-
dardized testing and language sampling, the clinician 
might further probe that deficit by encouraging the 
child to tell a story about something that happened 
in the past. Similarly, if the child made errors dur-
ing the assessment regarding third-person pronouns, 
play-based activities using male and female dolls or 
toys such as Mr. and Mrs. Potato Head can provide 
more opportunities to produce he, she, him, her, his, 
and hers. There are countless tasks a clinician can pres-
ent to probe a child’s receptive and expressive language 
skills, and the child’s performance during those tasks 
should be included in the diagnostic report.

During informal assessment procedures, clinicians 
often choose to determine whether a child is stimu-
lable for correct production of erred structures, usu-
ally by requiring the child to imitate the clinician’s 
model. For example, during a child-specific assess-
ment task, the clinician might gently interrupt a child 
who has made a pronoun error, and say, “Oh, oh! It’s 
not him hat, it’s his hat; say, his hat,” and note if the 
child imitates the modeled production. Information 
regarding the level of stimulability the child exhibits 
is then included in the diagnostic report. It is gener-
ally accepted that the more stimulable a child is, the 
better the child will do in therapy; therefore, consid-
ering stimulability may be important in providing a 
well-reasoned prognostic statement. A child’s lack of 
stimulability, however, is not sufficient reason to rec-
ommend against intervention.

The concluding sections of a diagnostic report 
include the clinician’s interpretation of the data 
reported in the body, leading to a diagnostic state-
ment, a prognostic statement, and recommenda-
tions regarding the need for language therapy, and if 
appropriate, referrals to other professionals for fur-
ther assessment. A good diagnosis is based on well-
reasoned interpretation of data that represent reliable 
measurement of a child’s expressive and receptive 
language skills, although the impressions and judg-
ment of an experienced clinician may also be taken 
into consideration. Any subjective statement made by 
a diagnosing clinician, however, should be supported 
by data reported in the diagnostic report.

Typically, clinicians interpret data collected during 
assessment procedures to determine a diagnosis using 
one of two basic approaches, or both: (1) the develop-
mental approach and (2) the behavioral approach. The 
developmental approach compares the level of lan-
guage skills the child has exhibited during assessment 
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to data that have been collected by various researchers 
describing the typical progression of children’s lan-
guage acquisition. Results of standardized testing are 
particularly relevant to a developmental approach in 
diagnosing language impairment. The child’s perfor-
mance on a standardized test is compared to normative 
data collected from a field-tested representative sample 
of children. If the child is significantly below average, 
usually thought to be 1.5 standard deviations or more 
below the mean, in receptive or expressive language 
skills or both, then a diagnosis of language impair-
ment is made. Similarly, results of informal assessment 
procedures, such as language sample analysis, may also 
be analyzed based upon findings of researchers inves-
tigating the ages and stages of development of specific 
language skills, such as the production of morphologic 
and syntactic structures, the level of vocabulary devel-
opment, the presence of appropriate pragmatic lan-
guage behaviors, and developmental levels of narra-
tive skills. It is common for school districts to require 
that children perform significantly below average on 
at least two measures, either two standardized tests or 
a combination of standardized testing and informal 
assessment procedures, to be diagnosed with a lan-
guage impairment.

Behavioral	Approach
The behavioral approach to diagnosing a language 
disorder does not rely upon a comparison of a child’s 
level of language skills to developmental norms. 
Instead, a diagnosis of language impairment is made 
when it is observed that a child lacks competency in 
producing verbal behaviors that are meant to affect 
the behaviors of other people in the environment (the 
behavioral equivalent of expressive language) or when 
the child does not react appropriately in response to 
the verbal behaviors of others (the behavioral equiv-
alent of receptive language). Analysis is based on 
observations made regarding the child’s skills in pro-
ducing certain functional units of verbal behavior, as 
described by B. F. Skinner. In the behavioral paradigm, 
the word functional describes a cause–effect relation-
ship between a person’s motivational state and a ver-
bal behavior produced to affect the listener in some 
way. A functional unit consists of verbal behaviors that 
have similar causes and produce similar effects. For 
example, mands are requests, commands, demands, 
or questions produced by the child to affect the lis-
tener in ways that will give the child access to desired 
objects, activities, or information. Tacts are comments 

or descriptions caused by environmental situations 
and reinforced socially, such as when a child says, “Big 
doggie,” in response to the presence of a dog the child 
wants a person to notice. Echoic behaviors are imita-
tive responses believed to be critical in learning other 
verbal behaviors. A child who does not imitate may 
be at risk for language impairment. By observing and 
describing a child’s skill in affecting and being affected 
by other people in the environment through analysis 
of functional units of verbal behavior, clinicians can 
reliably diagnose language impairment.

Clinicians may choose to incorporate both 
approaches in formulating a diagnostic decision. The 
developmental approach is useful in determining the 
level of a child’s expressive and receptive language 
compared to other children of the same age, sug-
gesting next-step objectives to be addressed during 
treatment. The behavioral approach is useful in deter-
mining how well the child functions within the envi-
ronment, suggesting meaningful, child-specific objec-
tives that may not be readily apparent when using a 
developmental approach.

Influence	of	Ethnicity
Regardless of the approach taken, a child’s cultural or 
ethnic background must be considered when diag-
nosing language impairment. Children who speak a 
dialectical variation of English, such as African Amer-
ican English, should not be diagnosed with language 
impairment unless it is determined that his or her lan-
guage production is inconsistent with the linguistic 
rules that characterize the dialect. Clinicians must be 
familiar with the form and linguistic conventions of 
a child’s dialect in order to make that determination.

Children who speak a primary language other than 
English may be exhibiting a language difference rather 
than a language impairment. A language difference is 
seen in a child’s production of English and is caused by 
typical processes of second language acquisition. For 
example, interference occurs when syntactic, morpho-
logic, semantic, phonologic, and pragmatic aspects of a 
primary language influence the production of English. 
Syntactic and morphologic structures are not univer-
sal across languages. For example, a child whose pri-
mary language is Spanish might produce a structure 
such as the house big because, in Spanish, the adjective 
follows rather than precedes the noun. Semantically, 
languages do not directly translate meaning from one 
to the other, and a child may appear to have significant 
difficulty with, for example, idioms or other forms of 
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figurative language in English. Phonological differ-
ences are perceived as foreign accents. Pragmatic lan-
guage behaviors also differ. For example, as a result of 
cultural conditioning, a child may not give eye contact 
or take conversational turns in the same manner as 
English speakers do. The culturally competent clini-
cian understands the influence of processes of second 
language acquisition and does not diagnose a language 
impairment unless the impairment is evident across 
all languages the child speaks.

Diagnostic	and	Prognosis	Statements
After analyzing and interpreting all of the data described 
in the introduction and body of the diagnostic report, 
the clinician makes a diagnostic statement, which con-
cisely sets forth the clinician’s judgment regarding the 
presence of a language disorder and, if one exists, the 
characteristics and level of severity of the language dis-
order. The diagnostic statement may simply state that 
no language impairment was indicated by the results of 
the assessment. However, it may be difficult to deter-
mine whether a child has language impairment or is 
what is commonly referred to as a late talker. Therefore, 
if analysis of assessment data does not reveal a language 
impairment, it is often recommended that the child 
return for further assessment at a later date, usually 
three to six months in the future.

If a clinician determines that the child exhibits lan-
guage impairment, the diagnostic statement should 
include a brief description of the characteristics and 
level of severity of the language impairment. Charac-
teristics mentioned in a diagnostic statement should 
be supported by data given and interpreted in the 
body of the report. The determination of level of 
severity is a subjective clinical judgment, which often 
relies on an evaluation of how far behind the child is 
in regard to developmental norms. The clinician may 
choose to describe the level of severity as mild, mod-
erate, moderately severe, or severe. Examples of diag-
nostic statements indicating the presence or absence 
of various language disorders are as follows:

Expressive language impairment: Results of the assess-
ment indicated a moderately severe expressive lan-
guage impairment characterized by omitted mor-
phologic structures and a decreased mean length of 
utterance.

Receptive language impairment: Results of the 
assessment indicated a severe receptive language 

impairment characterized by inappropriate responses 
to simple yes-or-no questions and an inability to fol-
low one-step directions given by the clinician.

Mixed language impairment: Results of the assessment 
indicated a severe expressive language impairment 
characterized by limited verbal output and a moder-
ately severe receptive language impairment character-
ized by an inability to follow two-step directions.

No language impairment: Results of the assessment 
indicated typical expressive and receptive language 
development with no evidence of impairment; if nec-
essary, the child may be reevaluated in six months to 
further monitor language development.

A prognostic statement is often given immediately 
following the diagnostic statement. The prognos-
tic statement is a statement of the clinician’s opinion 
regarding the probable benefit the child will realize 
from language therapy given certain clinical indicators 
that are thought to be predictive of future progress. 
For example, if a child has demonstrated good imita-
tive skills and has responded well to stimulability tasks, 
then it is assumed the child will likely do well in ther-
apy. Similarly, if the child has made progress receiv-
ing therapy in the past from other clinicians in other 
settings, progress would be expected to continue. If a 
child receives early intervention, that is considered to 
be a better prognostic indicator than intervention that 
begins at a later age. Poor prognostic indicators include 
factors such as a primary diagnosis that is character-
ized by decreased language skills, lack of progress in 
past therapy, and a host of socioeconomic factors that 
may put the child at risk for continuing difficulties in 
the acquisition of language. The prognostic statement 
includes the level of predicted success, with or with-
out treatment, and the characteristics that support 
that prediction. Examples of prognostic statements for 
predicted good, fair, and poor outcomes are as follows:

Good prognosis: Due to stimulability for erred mor-
phologic structures and young age, prognosis for 
improvement of expressive language is judged to be 
good, with treatment.

Fair prognosis: Due to inconsistent imitative responses 
and slight progress made during past language ther-
apy, prognosis for the improvement of expressive and 
receptive language is judged to be fair, with treatment.
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Poor prognosis: Due to extremely limited verbal out-
put, secondary to autism, age, and lack of progress 
during past treatment, prognosis for the development 
of verbal language is judged to be poor, with or with-
out treatment.

Prognostic statements do not guarantee results 
of treatment. The Code of Ethics of the American 
Speech-Language-Hearing Association (ASHA) pro-
hibits such guarantees but does allow a clinician to 
make a reasonable, well-supported prognostic state-
ment. The Code of Ethics also indicates that treat-
ment should be given only when it is reasonably 
expected that the client will benefit from treatment. 
A poor prognostic statement is usually an indica-
tion that no benefit will be derived from treatment, 
although some would argue that a prognosis should 
not be the sole basis for denial of services. 

This is the foundation of an ethical debate sur-
rounding provision of services to children who have 
certain diagnoses or who have exhibited minimal 
progress in the past. Criteria that are considered to 
be a priori, such as chronological age, diagnosis, and 
failure to benefit from previous services and supports, 
have been criticized as being inappropriately applied 
to exclude whole groups of people from speech and 
language services. Therefore, the prognostic state-
ment, when made, should be viewed as a professional 
opinion, not as an absolute indication of whether a 
recommendation for therapy should be made.

Following the diagnostic and prognostic state-
ments, recommendations are given regarding the 
need for therapy, the frequency and duration of 
therapy, and objectives to be targeted during therapy. 
Usually, if a language impairment has been identified, 
it is recommended that the child receive language 
therapy. Frequency and duration should be deter-
mined on the basis of the clinician’s assessment of 
the needs of the child, although in the public school 
setting, the clinician’s time and caseload numbers are 
often primary factors. In private clinics, two to three 
sessions a week, with each session lasting at least 30 
minutes, are commonly recommended.

Based on data reported in the diagnostic report, 
suggestions are also given for possible treatment 
objectives. The clinician might suggest that specific 
morphologic or syntactic structures be taught, that 
pragmatic language behaviors be improved, or that 
receptive language skills be increased. Recommended 
possible objectives, such as increased production 

of morphologic structures at the sentence level or 
establishment of eye contact during conversation, 
are broadly stated and serve as guidelines for a com-
prehensive treatment plan, including more con-
cisely written objectives that are measureable and 
 observable.

Referrals may also be made, depending upon the 
results of the assessment. For example, a child may 
have failed to pass a hearing screening, indicating a 
need for further evaluation by an audiologist, or per-
haps certain behaviors the clinician observed during 
assessment warrant further evaluation by a psycholo-
gist or behavior analyst.

The diagnostic process concludes with an in-per-
son meeting with parents, guardians, or others. The 
diagnosing clinician goes over the report, describes 
the findings, and explains the basis for the diagnostic 
statement made. Any questions that might be asked 
are answered forthrightly but with sensitivity regard-
ing the emotional impact a diagnosis of language 
impairment might cause.
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Diagnosing	Reading	
Impairments
Literacy is a generic term that may be defined as the 
ability to read with adequate comprehension; to spell 
most written words accurately; and to communicate, 
in a written language, thoughts and ideas that speak-
ers of that language understand. Thus, literacy skills 
are, by definition, language-based skills. Success in 
learning to become literate is a marvelous achieve-
ment, and most young children have little difficulty 
acquiring functional literacy skills given exposure to 
at least adequate literacy instruction. 

However, some children have a great deal of dif-
ficulty acquiring such skills, despite even optimal lit-
eracy instruction. Most of these children have basic 
impairments in learning to identify, spell, and write 
printed words accurately and fluently. And, because 
of these impairments, especially impairments in 
word identification accuracy and fluency, they also 
have basic impairment in comprehending what they 
have read, given that accuracy and fluency in word 
identification is a prerequisite for reading compre-
hension, along with adequate language comprehen-
sion. Such children should be differentiated from 
those who have adequate reading ability but less-
than-adequate spelling ability. Children in the latter 
group tend to have functional literacy skills, despite 
less-than-adequate spelling ability. Those who have 
difficulty learning to read also have difficulties in 
learning to spell accurately, writing clear messages, 
comprehending what they have read, and in general, 
acquiring functional literacy skills.

Among children with basic reading impairments, 
those of special interest are children who have average 
or better learning ability in other academic areas and 
whose reading difficulties are not caused by sensory 
deficits, behavior problems, frequent absences from 
school, or socioeconomic disadvantage. Such children 
tend to have average or above-average intelligence 
and may even excel in other school learning subjects, 
such as math or art, that do not rely heavily on read-
ing, spelling, and language abilities. They also tend to 
have functional language and communication skills, 
although they may be impaired by subtle language 
deficits such as phonological, semantic, or syntactic 
deficits that may affect one or another aspect of read-
ing ability. Children of this description are often said to 
be afflicted by a specific reading disability sometimes 

called dyslexia. This population of children should be 
differentiated from children whose reading difficul-
ties are caused by low intelligence that also impairs 
learning in other academic areas. And, the sources of 
the learning problems of both children with specific 
reading disabilities and children with low intelligence 
should be differentiated from those of children who 
have adequate intelligence but have general learning 
problems because of socioeconomic disadvantage or 
low motivation. 

Finally, some reading-impaired children have ade-
quate or better word identification and spelling skills 
but inadequate reading comprehension skills. Some of 
these children have extraordinary word identification 
and spelling skills that, in many cases, are acquired 
at very young ages and long before they receive any 
formal schooling. However, they have very poor read-
ing comprehension skills. Such children have been 
commonly described as afflicted by hyperlexia. The 
origins of hyperlexics’ poor reading comprehension 
skills are not well understood, and their comprehen-
sion deficits are not easily remediated. Some of these 
children have poor communication skills and are said 
to lie on the autism spectrum. Other children who 
are not autistic have less than optimal reading com-
prehension skills, despite adequate or better word 
identification and spelling skills, and the source(s) of 
such children’s comprehension deficits are more eas-
ily identified and remediated.

In order to differentiate the types of reading impair-
ments outlined above, it will be useful to distinguish 
between what may be called immediate causes as 
compared with ultimate causes of early reading dif-
ficulties. Immediate causes of such difficulties include 
difficulties in acquiring word-level subskills such as 
accuracy and fluency in word identification, spelling 
and writing, and comprehension subskills (see Figure 
1). In the sections that follow, these distinctions are 
discussed focusing on diagnostic procedures to iden-
tify possible sources of reading impairments afflicting 
children learning to read in an alphabetically-based 
orthography such as written English.

Immediate	Causes	of	Reading	Difficulties
As regards assessment of immediate causes of early 
reading difficulties, it is of course necessary to assess 
basic literacy skills, such as word identification, spell-
ing, reading comprehension, and written expres-
sion, in order to determine the nature and extent of 
the child’s difficulties in becoming literate. However, 
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there are several foundational skills that significantly 
influence the emergent reader’s (5- and 6-year-olds’) 
ability to acquire these related literacy skills at the 
beginning stages of reading development. The most 
basic of these foundational skills is knowledge of print 
concepts and conventions. In order to learn to read 
and spell in an alphabetically based orthography such 
as written English, beginning readers must come to 
understand that printed words are arbitrary symbols 
that represent spoken words; that they have spaces 
between them; that they are read from left to right 
and top to bottom (or right to left in orthographies 
such as Hebrew and Arabic); that they are composed 
of characters called letters that represent individual 
speech sounds; and that printed words in various 
combinations represent sentences in spoken language. 
Beginning readers must also come to understand the 
meanings and utility of punctuation markers such as 
periods, commas, and exclamation points.

Understanding of print concepts and conventions 
is typically assessed using interactive text reading, 
wherein the assessor reads a story to the child and uses 

strategic prompts to assess that child’s knowledge and 
awareness of given concepts and conventions.

Another foundational literacy skill that must be 
assessed as a possible cause of early reading difficul-
ties is phoneme awareness, which may be defined 
as conceptual understanding and conscious aware-
ness that spoken words are composed of individual 
speech sounds. Phoneme awareness is an important 
prerequisite for acquiring conceptual understanding 
that individual speech sounds map onto letters of an 
alphabet with a great deal of regularity. Such under-
standing is an important prerequisite for acquiring 
the alphabetic coding and letter–sound decoding 
skills that are necessary for learning to read unfamil-
iar words in alphabetically based orthographies. Thus, 
facility in letter–sound decoding is another founda-
tional literacy skill that must be assessed as a possible 
cause of early reading difficulties.

Phoneme awareness is generally assessed using 
phoneme segmentation and sound matching tasks 
(e.g., sensitivity to rhyme and alliteration tasks) with 
emergent readers and phoneme deletion, phoneme 

Figure	1   Cognitive processes and different types of knowledge entailed in learning to read and write
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synthesis, and phoneme articulation tasks with older 
readers (age 7 and above). Letter–sound decoding 
skills are generally assessed using pseudo-word decod-
ing tasks.

With varying degrees of experience in word iden-
tification, letter–sound decoding, and spelling, the 
developing reader becomes increasingly aware of 
the structural characteristics of printed words, tra-
ditionally called orthographic awareness, which is 
yet another foundational literacy skill that must be 
assessed as a factor contributing to early reading dif-
ficulties. At very early stages of reading development, 
orthographic awareness is reflected in the ability to 
differentiate legal and illegal letter strings (zid—legal; 
rxt—illegal). At later stages, orthographic aware-
ness is reflected in increasingly greater sensitivity to 
the structural regularities and redundancies in both 
phonetically regular and irregular words (at in cat, 
fat, and hat; ight in night, sight, and right), and nor-
mally developing readers become increasingly adroit 
at using such knowledge to decode unfamiliar words 
that are structurally similar to familiar words. 

Orthographic awareness can be assessed both 
informally and formally. The objective, in both cases, 
is to ascertain what the reader knows about the inter-
nal structures of written words at given stages of 
literacy acquisition for purposes of developing indi-
vidualized instructional and remedial procedures 
and programs. Informal methods may involve obser-
vations of word spellings on writing tasks, making 
note of invented spellings that represent principled 
distortions of conventional spellings (e.g., C for see, 
I for eye, hrs for horse, and desh for dish). They may 
also involve comparisons of the reading and writing 
of the same words (e.g., read stopping correctly but 
spell it incorrectly, stoping). More formal methods 
include the use of qualitative spelling inventories that 
consist of lists of words having particular features or 
patterns that represent structural components at the 
beginning, middle, and end of words at given stages 
of literacy development (e.g., short and long vowel 
patterns; blends, diagraphs, and diphthongs; double-
letter patterns; morphological patterns; and so forth). 
Each list consists of a small set of words that sample 
orthographic features and patterns at given stages of 
spelling development, and each is used to determine 
whether knowledge of word structures and ortho-
graphic awareness are developing normally.

Finally, impairments in reading can be caused 
by the failure to use effective strategies to aid word 

identification or reading comprehension. Effective 
strategies to aid word identification include the dispo-
sition to: fully analyze the internal structures of words 
rather than use partial information at the beginning 
and end of words or guessing strategies to do so; reread 
passages to locate a word identification error that 
makes a sentence ungrammatical and impairs com-
prehension rather than ignore the error and continue 
reading; and use both letter–sound decoding strate-
gies and meaning-based strategies (e.g., illustrations 
and sentences contexts) in complementary fashion to 
identify unfamiliar words rather than only one or the 
other to do so. Effective strategies to aid reading com-
prehension include: the use of pre-reading strategies 
such as setting a goal for reading a text and generating 
predictions related to that goal; skimming a text to gen-
erate questions about the text and reading to answer 
questions raised about the text; relating and integrating 
ideas generated during reading; using inference to help 
integrate ideas and draw conclusions not specified in 
the text; and using comprehension monitoring strate-
gies. The primary means of assessing the disposition 
to use and effectiveness in using word identification 
and comprehension strategies is careful observation 
and recording of both types of strategies, making note 
of and recoding the types of errors made as a result of 
the failure to use given strategies.

Ultimate	Causes	of	Reading	Impairments
As regards ultimate causes of early reading impair-
ments, first note that, in the case of children said to 
be afflicted by specific reading disability (dyslexia), by 
far the most commonly cited causes of this disorder 
are those implicating deficiencies in the visual system. 
For example, some scholars have theorized that these 
children are impaired by visual-perceptual and visual–
spatial processing deficits that affect letter sequenc-
ing and orientation in both reading and writing (e.g., 
reading or writing b as d or was as saw). However, there 
is now abundant evidence that such optical reversibil-
ity errors are caused by inadequate use of letter–sound 
decoding strategies in naming and writing letters and 
words having visually similar features. There is also 
abundant evidence that poor and normally developing 
readers tend not to differ significantly on visual pro-
cessing tasks that do not depend heavily on linguistic 
coding ability and language-based skills in general. 

Other visual-deficit theories have implicated opti-
cal-motor deficiencies that impair normal fusion of 
visual images in binocular vision (sometimes called 
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eye teaming), and still others have implicated defi-
ciencies in the visual system manifested in abnormally 
prolonged visual traces that impair visual acuity from 
one eye fixation to the next during reading. However, 
both types of anomalies have been found in normally 
developing readers as well as in poor readers. More-
over, there has been no empirical research that has 
established causal links between these anomalies and 
specific reading disability.

Reading difficulties have also been attributed to 
deficiencies in basic cognitive abilities that underlie 
all types of school learning and not just learning to 
become literate. The most encompassing of these abili-
ties is general intelligence. For well over three decades, 
the primary means of diagnosing specific reading dis-
ability was a significant discrepancy between a child’s 
intelligence quotient (IQ) and his or her achievement 
on a standardized test of skill in word identification. 
However, the IQ-achievement discrepancy has been 
found to have little utility in diagnosing the origin 
of reading disabilities. Indeed, there is now abundant 
evidence documenting that measures of word-level 
skills are not highly correlated with measures of intel-
ligence. In contrast, recent research has shown that 
response to intervention (RtI) has greater utility in 
diagnosing reading disability in otherwise normal 
children, thereby undermining the use of intelligence 
tests for this purpose. Moreover, the IQ-achievement 
discrepancy has virtually no utility for educational 
planning, whereas RtI has a great deal of utility for 
educational planning. 

Yet, it should be pointed out that, in contrast to its 
utility in diagnosing deficiencies in word-level skills, 
measures of intelligence may have greater utility in 
diagnosing the origin of reading comprehension dif-
ficulties, especially in children with adequate word-
level skills, because most measures of intelligence 
directly or indirectly evaluate reasoning ability and 
the ability to use inference among other cognitive 
abilities that underlie language and reading compre-
hension. Thus, a measure of intelligence may be a use-
ful diagnostic tool in some cases. However, because 
some intelligence tests rely heavily on language-based 
abilities and may not be strong measures of more gen-
eral cognitive abilities, nonverbal tests of intelligence 
may be more useful in evaluating these latter abilities.

Deficiencies in other cognitive abilities that have been 
implicated as basic causes of reading difficulties and, in 
particular, those emanating from specific reading dis-
ability include selective attention, associative learning, 

intersensory learning, visual and auditory sequencing, 
pattern detection, and the ability to store representa-
tions of patterned invariance (e.g., the at in cat, rat, 
and hat). It will suffice to point out that, in the case of 
reading-impaired children with at least average intelli-
gence, causally related deficiencies in one or another of 
these general learning abilities would seem to be ruled 
out on logical grounds insofar as all of these abilities 
are entailed on all tests of intelligence and are surely 
involved in all academic learning. Moreover, research 
evaluating each of these abilities as a possible cause of 
specific reading disability has produced no support for 
any such causal relationship in children who do not 
have general learning difficulties. However, given that 
reading and related literacy skills are language-based 
skills that depend heavily on the phonological, seman-
tic, and syntactic components of language, it is likely 
that deficiencies in one or more of these components 
will impair one or more aspects of literacy develop-
ment. For example, deficiencies in phonological cod-
ing may impair phoneme analysis and segmentation 
as well as name storage and retrieval, each of which is 
critically important for acquiring letter–sound decod-
ing, word identification, and spelling skills. 

Such deficiencies may also impair verbal work-
ing memory, which is critically important for effec-
tive language and reading comprehension. Similarly, 
deficiencies in semantic development, as manifested 
in deficiencies in vocabulary knowledge, may in some 
cases, contribute to reading difficulties, given the 
importance of word meanings, not only in compre-
hending what one reads but also in learning to identify 
printed words. And, deficiencies in syntactic develop-
ment, as manifested in difficulties in comprehend-
ing sentences of varying degrees of complexity or in 
acquiring morphological skills (e.g., inflecting words 
to represent tense and number or to insure subject–
verb agreement), may impair language comprehen-
sion and, thereby, reading comprehension. By logical 
extension, deficiencies in semantic or syntactic devel-
opment will impair writing ability. Writing ability may 
also be impaired by visual-motor deficits that encum-
ber handwriting, even in the absence of any significant 
language or reading deficits. Thus, it is important to 
assess both linguistic and handwriting skills as possible 
sources of reading, spelling, and writing difficulties.

Reading-related language deficits may be caused 
either by neurodevelopmental anomalies or by the 
failure to provide the child with language-rich home 
and school environments. Neurodevelopmental 
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anomalies are difficult to assess, but recent research 
using brain imaging technology has shown that read-
ing-impaired and nonreading-impaired children have 
different activation patterns in areas of the brain that 
support linguistic abilities, and such technology holds 
promise for differential diagnosis, especially if used 
in conjunction with a comprehensive assessment of 
environmental causes of reading and reading-related 
language impairments. 

In sum, reading impairment may be caused by basic 
deficiencies in word identification, which in turn, 
impair reading comprehension, spelling, and writ-
ten expression. However, select deficiencies in reading 
comprehension, spelling, and written expression may 
be observed in the absence of significant deficiencies 
in word identification. Thus, differential diagnosis of 
immediate causes of reading impairment entails com-
prehensive assessment of each of the components of 
literacy discussed above, including assessment of accu-
racy and fluency in word identification and reading 
comprehension, along with assessment of spelling and 
written language subskills, in addition to assessment of 
foundational subskills such as awareness of print con-
cepts, phoneme awareness, orthographic awareness, 
and the use of effective word identification and com-
prehension strategies. Diagnosis of ultimate causes of 
reading impairment should begin with comprehensive 
assessment of language skills and language-based sub-
skills, such as working memory and name storage and 
retrieval, along with assessment of the child’s home 
environment and the nature and adequacy of the liter-
acy instruction provided by his or her home or school. 
To rule out deficiencies in general learning abilities as 
basic causes of reading difficulties, it would be impor-
tant to assess general intelligence along with achieve-
ment in academic areas other than reading.
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Dialect	Usage	and	
Language	Development
Everyone who speaks a language speaks a dialect of 
that language, defined generally as a variety associated 
with a specific region or social group and identified by 
consistent patterns of phonology, lexicon, and gram-
mar. Certain dialects, such as broadcast English—or 
academic English in the school setting—are consid-
ered to be the standard against which other dialects 
are judged. However, standard is a social judgment, 
not a linguistic one. There is no linguistic superiority 
of one dialect over another, but in practice, the dialect 
associated with mainstream culture in a country has 
broad institutional support in mass media, education, 
and legal and political discourse, which facilitates its 
acquisition. The same institutions often stigmatize 
the nonmainstream dialect and label its speakers poor 
language learners. In contexts that do not value their 
first dialect, children born into a nonmainstream lin-
guistic community must learn to communicate in 
mainstream contexts without losing their core lin-
guistic identity as members of the social groups of 
family and neighborhood.

The universal processes of language development 
do not differ for different dialect groups, but main-
stream educational programs to promote language 
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development are less effective for culturally and lin-
guistically diverse (CLD) children and often work 
against their optimal development. CLD children’s 
input is more variable, and the relationship between 
the elements of their two target dialects is not well 
understood. This entry describes some of the spe-
cial challenges of language development for just one 
major American dialect group—African American 
English (AAE)—but the experience of AAE first-dia-
lect learners of mainstream American English (MAE) 
as a second dialect can illustrate basic challenges fac-
ing learners in other nonmainstream dialect com-
munities: Appalachian English, Belfast English, and 
Hibernian English, to name a few.

AAE-background children achieve major develop-
mental milestones in AAE—canonical babbling, first 
words, first two-word combinations, and discourse 
forms like stories—during the same broad time win-
dows as mainstream learners. However, a more fine-
grained description of basic language acquisition—
such as measures of phoneme inventories, numbers 
and types of lexical elements, and morphosyntactic 
and syntactic complexity—is hampered by the lack 
of a clear distinction between elements and structures 
that are common to AAE and MAE and those that 
are found in only one dialect or the other. Develop-
mental expectations differ for (1) structures that are 
unique to AAE, (2) those that are shared with MAE 
but may have different conditions of use in the two 
dialects, and (3) those that are absent from AAE and 
thus require the child to switch to MAE in order to 
acquire them. Well-accepted norms are lacking in all 
three categories.

For example, in phonology, the phonemic inven-
tory of the two dialects is almost identical. There 
are no phonemes unique to AAE, whereas /δ/, the 
voiced interdental fricative in THen, is considered to 
be unique to MAE. In a nationwide sample of MAE 
first- and second-dialect learners tested by the Diag-
nostic Evaluation of Language Variation (DELV) 
project, AAE learners were shown to achieve accurate 
production of shared phonemes on the same sched-
ule as MAE-only learners. Only /δ/ was later for MAE 
second-dialect learners. However, the possible syllable 
types and their combinations (called phonotactics) are 
different in the two dialects. MAE permits closed syl-
lables and final consonant clusters to a greater degree 
than AAE. Thus, MAE poor may be pronounced as 
po in AAE and MAE gift as gif. Because clusters are 
generally later acquired than single consonants, MAE 

learners who say gif for gift after a certain age may be 
considered delayed, but AAE speakers with the same 
pattern are reproducing the adult pattern and are not 
delayed. On the other hand, cluster reduction in initial 
position, saying poon for spoon, would be immature in 
either dialect. If one evaluates consonant and cluster 
inventories in final position where their occurrence 
is disfavored in AAE, such evaluations underestimate 
the AAE-speaking child’s phonological competence.

Similarly, evaluations of morphosyntax need to be 
sensitive to how even the same morphemes have dif-
ferent status in the two dialects. In MAE, past tense is 
marked obligatorily by /–ed/ on regular verbs (walk/
walked), but in AAE, the /–ed/ can be realized overtly 
as in MAE or can be zero marked. Thus, it is not a 
sign of immaturity for an AAE speaker to say walk in 
a past-tense context. Past /–ed/ occurs less frequently 
in AAE learners’ input, and they might be expected to 
achieve a conventional standard of 90 percent usage 
of it somewhat later than MAE learners, who hear it 
more regularly as an obligatory morpheme. 

When an AAE speaker uses /-ed/, it is ambiguous 
whether the individual is speaking AAE or MAE (as 
the morpheme occurs in both dialects). By contrast, it 
has been proposed by linguist Lisa Green among oth-
ers, that verbal /-s/ (I walk/he walks) is not a marker 
of subject–verb agreement in AAE as it is in MAE. So, 
when an AAE speaker uses verbal /–s/, the claim is that 
the speaker is switching out of AAE (or code switch-
ing) into MAE. Thus, before they can be expected 
to use verbal /–s/ regularly, AAE-first learners will 
have to have started learning MAE and have learned 
to code switch. The prediction from this analysis—
that /–ed/ will be produced earlier than verbal /–s/ 
by AAE-first learners of MAE—is born out in studies 
of child AAE speakers. In fact, verbal /–s/ is one of 
the latest morphemes to be observed in the speech of 
AAE-background MAE learners.

Yet another class of structures is one that is found 
only in AAE but not MAE, such as aspectual be, which 
means habitually. So, Larry be swimming says nothing 
about whether Larry is currently swimming, just that 
he habitually swims. Another non-MAE construction 
is negative inversion, for example, Can’t nobody get in. 
In these cases, norms for acquisition are not available 
because the structures have only rarely been investi-
gated developmentally.

Because it shares so many elements with MAE and 
their interrelationships are complex, AAE has not 
always been recognized as distinct by people trying to 
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determine whether a given child is developing language 
typically or whether she or he should be referred for 
speech services. If examiners apply the same yardstick 
to second-dialect learners of MAE as for those learning 
MAE as a first dialect, they fail to acknowledge CLD 
children’s achievements in their first dialect and may 
mislabel characteristics of the dialect as errors. In edu-
cational settings that are not sensitive to relationships 
between dialects, such practices can end up hampering 
children’s linguistic development rather than helping it.
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Diminutives	in	Child-
Directed	and	Child	Speech
Diminutives are morphological derivations that typi-
cally involve suffixation but may take other forms as 
well (casa: cas-ita in Spanish, dom: dom-ik in Russian, 
namas: nam-ukas in Lithuanian, but petite maison 
in French, meaning a little house). Cross-linguisti-
cally, diminutives are interpreted as a category that 
expresses smallness, but they are also associated with 
a range of additional pragmatic features like attach-
ment, endearment, and sympathy, which make them 
appropriate for use in child-centered situations. 

Already in early studies on child-directed speech 
(CDS), it was noted that diminutives are used much 
more frequently in CDS than in adult-directed speech 
(ADS). This assertion was supported by research 
results obtained from a number of languages (Dutch, 
Greek, Italian, Lithuanian, Russian, Spanish, Austrian-
German, Croatian, Hebrew, Hungarian, and Turk-
ish), which demonstrates that diminutives are prag-
matically suitable and therefore especially frequent in 
speech to children. Due to their high frequency of use, 
diminutive suffixes are among the first morphemes 
that a child acquires.

The observed frequency of diminutives in CDS 
and child speech (CS) varies enormously across lan-
guages. However, even in languages that are stereo-
typically considered to be more diminutive prone, the 
frequency of diminutives appears to decrease in the 
input as child age increases, which suggests that some 
caregivers no longer treat their developing children as 
prototypical small children.

Recent studies report that pragmatic strategies 
emerge in children well before the age of 3. For this 
reason, it has been suggested that, at early stages of 
child language acquisition, the diminutive may be an 
exclusively pragmatic device used to convey endear-
ment, affection, and playfulness. Under this view, 
the semantic meaning of smallness emerges after the 
pragmatic use due to the coexistence of pragmatic 
aspects of caregiver–child interaction with the small-
ness of the child’s world.

The semantic meaning of smallness at first is 
most often expressed by adjectives or by diminutive 
adjectives (e.g., in Italian, piccolo [small] versus pic-
col-ino [small-Dim] where the diminutive suffix has 
a pragmatic meaning). Only later is it conveyed by 
adjectives accompanying diminutive nouns (gatt-ino 
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piccino [cat-Dim little]) or by nominal diminutives 
without adjectives denoting smallness. Thus, rather 
late, diminutives begin to be used as an explicit for-
mal device for marking the meaning of smallness. 

Moreover, diminutives are mastered quite early 
because they belong to nonprototypical derivational 
morphology, which is easier to acquire than prototyp-
ical derivational or inflectional morphology; there-
fore, diminutives are important not only due to their 
pragmatic functions in CDS but also for their impact 
on the development of the child’s grammar.

Cross-linguistically, longitudinal as well as exper-
imental studies have found that young children pro-
duce fewer errors while using diminutives than sim-
plex nouns and substitute simplex nouns more often 
with diminutives than vice versa. Children tend to 
use diminutives over their simplex counterparts, 
especially in the cases of unproductive and opaque 
oppositions of nouns. For example, in Lithuanian, 
the paradigm of the noun vanduo (water) belongs 
to an unproductive and opaque class that has no 
ending, only the stem, which ends in –uo. Other 
case forms (e.g., genitive, dative, etc.) are based on 
another stem, that is, –en– (vand-en-s and vand-en-
iui), which is a more complex pattern for children 
to master.

The use of a diminutive suffix, on the other hand, 
helps to avoid stem alternations, as in vanden-ukas, 
vanden-uko, and vanden-ukui (water-Dim). Accord-
ingly, the productive and transparent opposition 
may be acquired earlier than the unproductive and 
opaque one, and in this way, diminutives may facili-
tate the acquisition of morphology and strengthen 
the salience of productive and transparent morpho-
logical patterns.

Within the category of nouns, diminutives show 
some processes of morphological simplification. They 
may diminish the complexity of the noun system by 
reducing the number of declensional classes, as is the 
case in Lithuanian. Lithuanian has 12 noun classes 
instantiating numerous endings, but in the form of 
diminutives, nouns are assigned to only the three 
most productive classes. Awareness of the existing 
simpler declensional system of diminutives may help 
children to acquire the morphosyntactic features of 
case marking, gender agreement, or other aspects of 
noun morphology earlier.

Studies in Slavic (Russian or Serbian) and Bal-
tic (Lithuanian) languages have demonstrated that 
diminutivization is associated with a homogeneous 

cluster of nouns with salient and reliable gender 
marking. As a result, children commit fewer gender 
agreement errors using diminutive nouns than their 
simplex counterparts in experimental tasks, which 
require children to produce gender agreement and 
case marking with novel nouns varying in form 
(diminutive versus simplex). 

Diminutives might help language acquisition 
in other domains as well. Thus, the use of diminu-
tives helps children to avoid confusing stem alterna-
tions. For example, the opposition between singular 
and plural in the declension class of Italian ami[k]o 
(a friend) and plural ami[č]i (friends) is both unpro-
ductive and morphotactically opaque, whereas the 
respective opposition between its diminutive singular 
amichetto and plural amichetti (with an identical [k]) 
is both productive and transparent.

Furthermore, it has been suggested that diminu-
tivization might regularize patterns of metric stress, 
thereby simplifying the problem of word segmenta-
tion and of identifying structural patterns at the ends 
of words, making them more salient. Diminutives 
might also facilitate conversational interaction and 
the acquisition of discourse strategies.

In languages in which diminutive derivations are 
more salient, they have preferential status in the speech 
of children despite their greater formal complexity, 
insofar as diminutive nouns are longer than their cor-
responding simplex nouns. Therefore, the degree of 
morphophonological homogeneity appears to be the 
crucial factor for a child acquiring a target language. It 
seems then that a beneficial effect of diminutives may 
depend on their presence versus absence in the input 
rather than their actual frequency in child-directed 
speech, which can vary considerably across languages. 
In other words, acquisition of morphology may be 
facilitated as long as there are some diminutives in the 
input, but their frequency does not necessarily play a 
primary role. 

Ineta Dabašinskienė
Vytautas Magnus University

See	Also:	Child-Directed Speech (Features of); Frequency 
Effects in Language Development; Grammatical Categories; 
Lexical Development; Morphological Development.

Further	Readings
Dąbrowska, E. “Low-Level Schemas or Productive Rules: 

The Role of Diminutives in the Acquisition of Polish 
Case Inflections.” Language Sciences, v.28 (2006).



160 Discourse-Pragmatics

Jurafsky, D. “Universal Tendencies in the Semantics of the 
Diminutive.” Language, v.72 (1996).

Kempe, V. and P. J. Brooks. “The Role of Diminutives in 
the Acquisition of Russian Gender: Can Elements of 
Child-Directed Speech Aid in Learning Morphology?” 
Language Learning, v.51(2001).

Savickiene, I., V. Kempe, and P. Brooks. “Acquisition of 
Gender Agreement in Lithuanian: Exploring the Effect 
of Diminutive Usage in an Elicited Production Task.” 
Journal of Child Language, v.36 (2009).

Savickienė, I. and W. U. Dressler, eds. The Acquisition of 
Diminutives: A Cross-Linguistic Perspective. Amsterdam: 
John Benjamins, 2007.

Discourse-Pragmatics
Discourse-pragmatics relates to the communica-
tive function of propositions, that is, the basic units 
of information structure in human language. In its 
broadest sense, the discourse context represents a 
complex set of information, including linguistic 
information (e.g., previously linguistically men-
tioned entities, events, and states of affairs); extra-
linguistic information encoded in the physical envi-
ronment (e.g., entities that can be perceived through 
sensorial experience); and world knowledge, that is, 
the long-term repository of information accumu-
lated about the world (e.g., the fact that birds fly and 
fish swim). 

Children learn language to communicate; they 
use it to transfer and request information from their 
interlocutors and to elicit a desired behavior on the 
part of their addressee. Even before they can utter 
their first words, children use nonlinguistic means to 
request and transfer information and to manipulate 
the behavior of their adult caregivers. Prelinguistic 
infants can follow the gaze and the pointing gestures 
of an adult in the identification of referents, and by 
the age of 10 to 12 months, they start to point them-
selves to draw an adult’s attention to an object or will 
reach out to request an object. 

Pointing and reaching are prelinguistic precur-
sors to the speech acts of asserting and requesting 
and essentially rely on the same abilities to engage 
in joint attention and to infer the intentions of oth-
ers that are necessary for successful linguistic com-
munication. Ultimately, the reason why joint atten-
tion and intention reading are so central to language 

use is that any linguistic exchange must conform to 
the cooperative principle. With each conversational 
turn, whether it be a word, a sentence, a gesture, an 
eye gaze, or even just a noise, speaker and addressee 
collaboratively engage in building the common 
ground, that is, the repository of the knowledge that 
is shared between them. 

Preferably, each contribution should build on 
what is already established in common ground and 
add something new to build on the existing shared 
knowledge between participants. Between the ages 
of 3 and 4, children start to make systematic dis-
tinctions between what is already given and what is 
new to the discourse context. Naturalistic studies of 
conversational exchanges between children and their 
adult caregivers in a variety of typologically different 
languages have shown that, in their early communi-
cative attempts, children direct their interlocutor’s 
attention to entities that are physically copresent at 
the time. The presence of referents and the nature 
of the conversational exchanges documented in 
these corpus studies are particularly conducive to 
the engagement of parents and children in episodes 
of joint attention; both participants are simultane-
ously focusing on a referent of interest and are aware 
of each other’s attention to it. As such, the majority 
of referents in these early communicative exchanges 
tend to be given information that is part of the com-
mon ground. Adults, rather than children, tend to 
introduce new referents to the discourse context 
in the initial stages, especially when they engage in 
labeling, for example, Look, that’s a lion. 

Crucially the newly given status of a referent cor-
relates with the type of referential expression that 
will be most pragmatically appropriate to use. Ref-
erential expressions range along a continuum, where 
the cognitive salience of a referent, or its accessibility, 
is determined by a number of discourse-pragmatic 
factors including the state of the topic, recency, the 
number of previous mentions, and how stereotypic 
the referent is for the context. There is an inverse rela-
tionship between the degree of informativeness of a 
referent, that is, how cognitively salient or accessible 
it is, and the weight of the referential expression. In 
1976, Patricia Greenfield and Joshua Smith proposed 
that children’s referential choices are systematically 
guided by a principle of informativeness. An exten-
sive body of cross-linguistic research over the last 15 
years has shown that, in conversation with adults, 
children as young as 2 are significantly more likely 
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to omit arguments if they are highly informative and 
can be recovered from the discourse context. Inter-
estingly, although children have a universal tendency 
to omit highly informative arguments, there are 
cross-linguistic differences in the frequency of null 
arguments in child language that reflect the preva-
lence of null arguments in the adult input. Studies 
of children’s referential choices in contexts in which 
they need to identify referents for the benefit of a 
naïve listener, as for example in a narrative task, have 
shown that systematic use of discourse-appropriate 
markers of newness is late, around 6 years of age. 

Although corpus studies have shown early sen-
sitivity to discourse-pragmatic constraints in refer-
ential choice, experimental studies have provided 
a more nuanced picture of what children can and 
cannot do when the addressee’s access to a refer-
ent is manipulated to exclude it from the common 
ground. Referential communication games, in which 
children have to identify a referent for the benefit 
of an addressee who may or may not have seen the 
intended referent, demonstrate that children up to 
the age of 6 cannot systematically use maximally 
informative referential expressions for referents that 
are not in the common ground. 

Similar results are reported in comprehension 
studies: Using eye-tracking, Nicholas Epley, Carey 
Morewedge, and Boaz Keysar observed that chil-
dren (up to the age of 6) were likely to look first to 
a referent that matched the interpretation of a ref-
erential expression from their own perspective, even 
when that referent was not visually accessible to the 
speaker of the utterance. Studies comparing the look-
ing behavior of children and adults suggest that such 
egocentric interpretations persist for longer in less 
mature speakers. 

Narrative studies, where the main focus is predom-
inantly on children’s establishment and maintenance 
of referential cohesion in a monologic rather than 
dialogic context, have also provided evidence that the 
acquisition of local and global markings for referent 
introduction in narrative contexts is a protracted pro-
cess that continues well into the primary school years. 
Children tend to have difficulties using discourse-
appropriate expressions to introduce new referents to 
a naïve listener and use less informative expressions 
than would typically be required.

While sensitivity to discourse-pragmatic con-
straints emerges relatively early, mastery of the 
mapping between discourse status and referential 

expression is a process that is protracted into the pri-
mary school years.

Ludovica Serratrice
University of Manchester
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Distributional	Knowledge	
and	Language	Learning
One of the hotly debated topics in language acqui-
sition is how children learn the structure of the 
language they are exposed to. To acquire language, 



162 Distributional Knowledge and Language Learning

children have to learn the linguistic units of their lan-
guage (phonemes, morphemes, and words) and the 
productive, yet restricted, ways those units can be 
combined. Both the parts and the rules differ across 
languages and are not explicitly taught. The need to 
simultaneously learn both aspects introduces a seri-
ous challenge: How can children discover the regu-
larities without first knowing what the parts are? And 
how do they extract the correct parts without know-
ing their defining characteristics? For example, Hindi 
and English both have aspirated sounds, but aspira-
tion is a phonological contrast only in Hindi. Infants 
learning Hindi and English have to make different 
generalizations without knowing in advance what 
they are looking for (e.g., phonemes) and what the 
distinguishing properties are (e.g., aspiration).

Over the past 20 years, much research has shown that 
children can use distributional information–knowl-
edge about the way linguistic elements co-occur—to 
discover linguistic structure. A seminal study to dem-
onstrate children’s ability to use such information was 
in the domain of speech segmentation. Unlike written 
language, words in spoken speech are not consistently 
separated by pauses. One of the cues to an upcoming 
word boundary is distributional: Transitional prob-
abilities between syllables (the likelihood of one syl-
lable following another) are higher within words as 
compared to across word boundaries. Using an artifi-
cial language—where input can be fully controlled—
Saffran and her colleagues showed that 8-month-old 
infants can use the transitional probabilities of adja-
cent syllables to segment speech into words. After a 
two-minute exposure to a novel, unsegmented speech 
stream, infants posited word boundaries between syl-
lables that had low transitional probabilities. More 
recent studies have looked at a range of cues infants 
use to segment speech, including language-specific 
stress patterns, phonotactic constraints on word-final 
and word-initial syllables, and articulatory cues.

Distributional information is relevant for learning 
other aspects of language structure such as its inven-
tory of speech sounds, grammatical categories, and 
syntactic relations. Phonetic features differ in their 
distribution when they are contrastive (e.g., aspira-
tion in Hindi) and noncontrastive (e.g., aspiration in 
English). Infants are sensitive to this difference and 
make generalizations accordingly: They posit two cat-
egories when exposed to a bimodal distribution (most 
tokens at the two ends of the continuum) and only 
one when exposed to a unimodal distribution. Infants 

can learn about word order and head directionality in 
their language by distinguishing function and content 
words based on their different frequency distributions 
(without knowing any of their other properties). Dis-
tributional information can also help children form 
grammatical categories. In the 1980s, M. Maratsos 
and colleagues argued that grammatical categories 
are (in part) defined by their distributional properties 
and that children learn them by grouping together 
words that co-occur in similar syntactic and mor-
phological environments. More recently, Toben Mintz 
showed that grouping together words that appear in 
the same frequent frame (e.g., you ___ it) leads to the 
formation of categories that are a close approxima-
tion of grammatical categories, like verb or noun; fur-
thermore, adults are able to make use of such analyses 
to form categories in an artificial language. Similarly, 
children can use information about the distributional 
properties of different verb classes (e.g., animate ver-
sus inanimate subjects and number of arguments) to 
assign meaning to novel verbs.

Computational	Models
Computational models provide useful ways of study-
ing the role of distributional information in language 
learning. Such models are used to uncover the distri-
butional correlates of various structural properties 
using large data sets and to evaluate the reliability of 
generalizations made on the basis of distributional 
information. M. Redington, N. Chater, and S. Finch, 
for example, created a model that uses distributional 
cues to learn syntactic categories from child-directed 
speech. Their model uses bigram statistics to group 
together words that appear in similar distributional 
contexts, resulting in a hierarchical structure with clus-
ters at various levels (e.g., pronoun cluster in a larger 
noun cluster). The model’s classification is then com-
pared to other computational models and to human 
judgments to see how reliable and useful distributional 
cues are in forming syntactic categories. Such models 
allow us to address multiple questions about the use 
of distributional information (e.g., Is learning better 
from child-directed speech? Are distributional cues 
similarly effective for function and content words?).

Studies of artificial language learning allow us 
to further probe children’s ability to use a variety of 
distributional cues. Studies ask how sensitivity to dif-
ferent cues changes with age and experience. In word 
segmentation, for instance, younger infants rely more 
on statistical cues (transitional probabilities), while 
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older infants assign more weight to stress: a pattern 
that reflects a move from reliance on universal cues 
(transitional probabilities are a cue to word boundary 
across languages) to language-specific ones (stress pat-
terns differ between languages). Other studies focus on 
the kinds of distributional relations children can (and 
cannot) attend to. Language has dependencies that 
hold between nonadjacent words, like the dependency 
between auxiliaries and inflectional morphemes (is 
running). Rebecca Gomez’s work shows that children 
are able to learn such relations in an artificial language 
but only when there are many different intervening 
elements (like the many different verbs appearing 
between the auxiliary and the –ing morpheme). The 
combined experimental and computational findings 
show that many aspects of language structure have 
distributional correlates and that these distributional 
patterns are attended to by human learners.

In the past, the main question was whether infants 
track distributional information at all. Now that 
infants’ ability to do so has been well documented, 
the focus is on how this information is used in actual 
language learning. How do infants integrate the dif-
ferent cues they attend to? Experimental studies often 
present infants with only one distributional cue, but 
real-life learning involves multiple cues, some of 
which may point to different generalizations. Behav-
ioral studies and computational simulations are used 
to ask how infants detect, weigh, and integrate dif-
ferent sources of distributional information. Much 
of our knowledge about the use of distributional 
information comes from artificial language learning 
studies. Yet, it is not clear how well that maps onto 
real language learning and use. Examining correla-
tions between performance on artificial language 
learning tasks and language processing is one way to 
address this question. Another open question is the 
degree to which the use of distributional information 
differs in humans and nonhumans. By comparing 
distributional learning in humans and nonhumans, 
researchers hope to uncover the unique aspects of 
human language learning. Additional research asks 
how inductive biases affect what is learned from dis-
tributional information: What makes humans prefer 
certain generalizations over others, and how is this is 
related to the way languages have evolved over time?

Conclusion
To conclude, numerous studies have documented 
the role of distributional information in language 

learning. The challenge for future research is to spell 
out the mechanisms that allow children to reach the 
correct generalizations while integrating and attend-
ing to the multiple cues found in real-life learning.
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Domain	Specificity
Domain specificity in cognitive science refers to the 
specificity of the substrates of a particular cogni-
tive domain, such as language. That is, if language 
is domain specific, at least certain of its underpin-
nings in the mind or brain are dedicated to language 
(or aspects of language) and subserve nothing else. 
In contrast, if language is not domain specific, this 
means that its substrates underlie not just language 
but other domains as well. This is usually referred to 
as domain generality or domain independence. More 
generally, the question as to whether or in what ways 
language (or other aspects of cognition) might or 
might not be domain specific is referred to as the issue 
of domain specificity. It is difficult to demonstrate 
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domain specificity, and at this point, there is no strong 
evidence that language depends on domain-specific 
substrates; indeed, evidence suggests that aspects of 
language depend at least in part on domain-general 
systems in the mind and brain.

What	Domain	Specificity	Is	Not
Historically, the claim of domain specificity has been 
associated with an assumption of innate specification. 
In this view, language depends on substrates that are 
not only specific to language but also have genetic 
bases that evolved for this particular domain. Thus, 
the questions of domain specificity and innateness 
have been closely bound. However, this is not a nec-
essary linkage, and substrates may be specific to lan-
guage without being innately specified. For example, 
such domain specificity could emerge from domain-
general substrates during learning and development.

Domain specificity should also be distinguished 
from three other notions: separability, species speci-
ficity, and specialization. If language shows separa-
bility, different aspects of language depend on differ-
ent substrates. For example, if grammar and lexicon 
are separable, they rely (at least in part) on distinct 
underpinnings. Although the issues are often con-
founded, separability does not imply domain speci-
ficity. Indeed, grammatical and lexical abilities appear 
to depend at least partly on different neurocognitive 
systems, though neither of these systems seems to be 
dedicated to language. 

Similarly, species specificity does not entail domain 
specificity. If language or some aspect of language such 
as grammar is specific to humans, its substrates could 
still subserve functions other than language, includ-
ing other functions that might be largely specific to 
our species. Indeed, this is the position taken by Marc 
Hauser, Noam Chomsky, and Tecumseh Fitch, who 
have argued that recursion in language is specific 
to humans but that its underpinnings also subserve 
recursion in other domains (e.g., social relationships 
or navigation), and indeed they may have evolved for 
such nonlanguage purposes in humans. Conversely, 
if an aspect of language turns out not to be unique 
to humans, as indeed has been argued for recur-
sion (e.g., claims have been made for nonlanguage, 
grammar-like recursion in starlings), this would not 
disprove either the innateness or the domain speci-
ficity of this capacity in humans. For example, other 
species may solve the problem, or appear to do so, in 
a manner that is computationally different and relies 

on distinct (and possibly domain-general) substrates 
from humans.

Even specialization and domain specificity are at 
least partly independent. A computational or biologi-
cal substrate of language could become specialized for 
this domain (either phylogenetically or ontogeneti-
cally; i.e., through either evolution or development) 
and then be co-opted for other functions (much 
like the opposite has been claimed for recursion), as 
described above. Indeed, claims along these lines have 
been made for music.

What	Domain	Specificity	Could	Be
So now that this entry has discussed what domain 
specificity is not, can we say more about what it 
might be? First, as mentioned above, this entry 
emphasizes that domain specificity could in principle 
apply not just to language as a whole but instead per-
haps only to certain aspects of this capacity. Indeed, 
where domain specificity for language is invoked, it 
is generally claimed in a circumscribed manner that 
is limited to particular language subdomains, such as 
syntax or aspects of syntax.

Second, domain specificity could exist at multiple 
levels. Most work on the domain specificity of lan-
guage has focused on its cognitive or neuroanatomical 
bases. For example, in Modularity of Mind, Jerry Fodor 
made claims about domain specificity largely in terms 
of cognitive modules, independent of any specific 
underlying neurobiology. Similarly, Heather van der 
Lely has argued that some children with the develop-
mental disorder of specific language impairment (SLI) 
have deficits only in aspects of grammar without mak-
ing claims about neural particulars. Yosef Grodzinsky 
has suggested that Broca’s area, or a portion of it, may 
be dedicated to aspects of syntax. And along the same 
lines, Evelina Federenko and colleagues have presented 
evidence that the cortex in this region may only or pri-
marily underlie aspects of language.

However, this focus on the cognitive and ana-
tomical bases of language ignores many other sub-
strate levels. In principle, language or its parts could 
depend on domain-specific brain networks (of vari-
ous sizes), oscillatory patterns, cell types, genes, and 
so on. These levels are largely ignored in research on 
domain specificity (indeed, language research more 
generally is only beginning to pay attention to some 
of these). Domain specificity could also be restricted 
to interactions between substrates. For example, even 
if no cell type or region (defined cytoarchitectonically 
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or otherwise) is dedicated to language, it may be that, 
within a particular region, a certain cell type under-
lies only language.

Third, domain specificity may change over the 
course of development. For example, syntax may 
depend on dedicated circuitry during certain peri-
ods of the life span but not during others. Indeed, 
it appears, according to Michael Ullman, as though 
aspects of syntax are performed by different neuro-
cognitive systems at earlier and later periods of learn-
ing and proficiency, both in a first (native) language 
and in later-learned second languages, with any 
domain specificity perhaps more likely in the system 
relied on in later stages (see below).

Fourth, the domain specificity of language may 
vary across individuals. Analogously to changes in its 
neurocognitive substrates during development, Ull-
man suggests that aspects of grammar may depend 
on different substrates in different individuals and 
groups. This variability seems to be found both in 
healthy populations (e.g., males versus females) and 
in disorders. For example, individuals with SLI or 
agrammatic aphasia appear to rely heavily on the 
same system (declarative memory; see below), by way 
of compensation, that normal learners rely on in early 
stages of development.

Complications	in	the	Study	of	Domain	Specificity
All of these issues complicate the study of domain spec-
ificity. Even worse, the demonstration of domain speci-
ficity may be methodologically intractable. To show 
that a particular substrate is dedicated to language, 
one must demonstrate (e.g., via double dissociations) 
not only that it underlies language but also that it does 
not subserve any other domain. Given the large num-
ber of potential domains that a given substrate could 
subserve (and moreover that constructs of domains 
often change over time; e.g., short-term or working 
memory), and the infinite number of ways a domain 
could be probed, it is extremely difficult to convinc-
ingly demonstrate—and impossible in principle—that 
a particular substrate only subserves language. 

Note that it is also difficult to demonstrate domain 
generality, although for different reasons. A lack of 
dissociations between language and any given non-
language domain (e.g., in aphasia or in a functional 
magnetic resonance imaging [fMRI] study) does not 
necessarily imply that the two are subserved by a sin-
gle substrate. Such a finding could be due to various 
factors, including insufficient power or insufficient 

specificity; for example, fMRI activation in Broca’s 
region, or even in posterior pars opercularis, in lan-
guage as well as nonlanguage tasks, does not preclude 
smaller neural networks or cell assemblies that differ-
entially subserve these tasks. Likewise, demonstrating 
domain generality at one level (e.g., anatomically) 
does not obviate the possibility of domain specificity 
at another (e.g., genetic).

What	Does	the	Evidence	Suggest?	
So what does the evidence actually suggest? Over-
all, and perhaps not surprisingly given the complex 
nature of the issue and the difficulty in demonstrating 
either domain specificity or domain generality, the 
findings do not suggest a simple answer. For example, 
as mentioned above, one line of evidence comes from 
van der Lely, who has argued that some children with 
SLI have deficits only of grammar, perhaps specifi-
cally of syntax, morphology, or phonology, and that 
this suggests the domain specificity of these subdo-
mains. However, these children have not been sys-
tematically assessed on a wide range of nonlinguistic 
tasks—indeed, not even on some tasks that would test 
particular domain-general hypotheses (e.g., that the 
grammatical deficits in SLI derive at least in part from 
procedural learning deficits), as has been suggested by 
Ullman. Thus, evidence from SLI at this point in time 
does not demonstrate domain specificity in language. 
Similarly, although Federenko and colleagues tested a 
number of other domains apart from language, this 
list was by no means exhaustive.

In contrast to the lack of clear evidence for domain 
specificity, some evidence suggests that at least certain 
aspects of language depend on particular domain-
general neurocognitive systems, which moreover are 
also found in other species and indeed are well studied 
in rodents. In particular, converging evidence from a 
range of behavioral, neurological, electrophysiological, 
and neuroimaging approaches published by Ullman 
and colleagues seems to suggest the following, accord-
ing to Ullman. Idiosyncratic aspects of language (such 
as the simple word cat and irregular morphological 
forms such as dug)—that is, what must be stored in the 
lexicon—are learned in the declarative memory brain 
system. This system—rooted in the hippocampus and 
other medial temporal lobe structures—is known to 
underlie the learning of a wide range of information 
across domains and modalities. In contrast, gram-
matical aspects of language, and possibly rule-gov-
erned combinations in particular (e.g., walk + –ed and 
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the + cat), are learned to a great extent in the proce-
dural memory system. This system, which is rooted in 
frontal and basal-ganglia circuits, underlies the acqui-
sition of motor and cognitive skills and habits, such as 
riding a bicycle or typing. However, as aspects of rule-
governed grammatical functions can also be learned 
in declarative memory—for example, complex forms 
can be stored as chunks (walked and the cat), one 
can learn rules explicitly in this system as well. Thus, 
both domain-general memory systems appear to play 
important roles in language, though somewhat differ-
ently across different linguistic subdomains.

Of particular interest to development and lan-
guage learning, these two memory systems appear 
to play somewhat different roles over the course of 
acquisition. This is especially well studied by Ull-
man in second language learning. Although lexical 
knowledge always appears to be learned in declara-
tive memory, grammar relies more on this memory 
system at lower second-language exposure and pro-
ficiency but increasingly depends on the more auto-
matic procedural memory system at higher exposure 
and proficiency. Similarly, in first language acquisi-
tion, children may depend initially for aspects of 
grammar on declarative memory and only later rely 
on procedural memory, which underlies grammar in 
most adults.

Importantly, it is possible that portions of one or 
both of these domain-general systems may show fur-
ther specialization and even domain specificity for lan-
guage—whether due to phylogenetic or ontogenetic 
processes. For example, the frontal and basal-ganglia 
circuits underlying procedural memory are known to 
show functional segregation, leaving open the possi-
bility that (sub)circuits might be dedicated to aspects 
of grammar. Thus, the dependence of language on 
domain-general systems in no way precludes domain 
specificity within these systems (let alone in addition 
to them). Note that, as the relative dependence of 
grammar on each of the two memory systems seems 
to change over the course of language development, 
the domain specificity of grammar may also change, 
in particular to more domain-specific substrates (e.g., 
functionally segregated frontal and basal-ganglia cir-
cuits) underlying procedural memory.

Conclusion
In conclusion, the domain specificity of language, and 
any changes in domain specificity over the course of 
its development, is an issue whose complexities are 

often underappreciated and is difficult to test. Not 
surprisingly, the evidence thus far does not lead to 
clear conclusions. On the one hand, no clear evidence 
for domain specificity seems to exist. In contrast, con-
verging evidence suggests that, at least to some extent, 
language depends on general-purpose neurocogni-
tive systems, though this does not preclude additional 
domain specificity.
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Dual-Route	Model	of	
Reading	Development
Anyone who has become a skilled reader of English, or 
any other language that is written alphabetically, has 
learned two different methods of translating print to 
speech. One of these methods uses knowledge of let-
ter-to-sound rules, and the other uses whole-word rec-
ognition that allows the user to retrieve from memory 
the learned pronunciation of that whole word. With-
out the first method, the reader would not be able to 
read aloud unfamiliar words such as printed names 
that the reader has never seen before. Without the 
second method, the reader would not be able to read 
aloud words that disobey the standard letter–sound 
rules—words such as yacht, have, or blood. So for chil-
dren to become skilled readers, they must master both 
of these methods for translating print to speech.

The rule-based method does not play an important 
role in skilled reading, but it must not be overlooked 
because it does play a crucial role in reading develop-
ment. When children are 6 or so years old and are just 
beginning to learn to read, these children typically 
can recognize by ear 20,000 to 40,000 words, whereas 
they can recognize hardly any words by eye. So, they 
will constantly be looking at a word on the page that 
they cannot recognize because they have never seen 
it before but which they would be able to recognize if 
they heard the word. One solution to this problem is 
this: “Mom, what does that word say?” Another solu-
tion, which does not require parental presence, is for 
the child to sound out the visually unfamiliar word by 
applying letter–sound rules to it. That provides devel-
oping readers with a huge new resource: their exten-
sive spoken vocabularies. But, young readers can only 
do this if they are able to translate words from print 
to speech using the rule-based method. That is why 
being able to use this method is critical for successful 
early reading development.

A child who has never seen the word chair before 
and who is able, when looking at this word for the first 
time, to work out its pronunciation, will be able to 
discover what word this unfamiliar letter string cor-
responds to. According to the self-teaching hypothesis 
of reading development proposed by David Share, this 
is a major way in which children build up their sight 
(reading) vocabularies. The next time this child comes 
across the printed word chair, the child will now be 
able to recognize it by sight because of having stored 

its visual form in memory after the initial encounter 
and the identification at that time of what this word 
is by sounding it out using letter–sound rules. This is 
why teaching children phonics, that is, teaching them 
how to use letter–sound rules, is an essential part of 
any effective method of teaching reading.

If children need to be good at using letter–sound 
rules for reading development to progress normally, it 
is essential to assess this ability in reading classrooms. 
There is only one way to do this: Test the child’s ability 
to read aloud pronounceable nonwords such as ib or 
slint. Because the only way to read aloud such items is 
by using letter–sound rules, any child who is poor at 
this use will be easily identified when given nonwords 
to read aloud, and remediation specifically targeted at 
such rule use can be introduced. Many standardized 
reading assessment batteries include a nonword read-
ing task for exactly this reason.

English is notorious for having many words that 
disobey letter–sound rules: About 20 percent of mono-
syllabic English words do not fully follow these rules. 
That obviously presents difficulties for a child using 
the self-teaching method for learning to read, but these 
difficulties are not so great as to make that method 
useless. First, the method works for 80 percent of the 
words the young reader comes across, and probably 
more, because many of the reading materials presented 
to children avoid using these irregular words. Second, 
even when a word is irregular, this method typically 
gets most of the word right: for example, it only errs on 
the vowel in irregular words like have or blood.

Some children have a great deal of difficulty in 
learning to use letter–sound rules, and if the self-
teaching hypothesis is correct, such children’s read-
ing development will be very slow, which is the case. 
This particular kind of difficulty in learning to read is 
well documented. It is known as developmental pho-
nological dyslexia (one of many different subtypes of 
developmental dyslexia). 

For early reading development to progress nor-
mally, children must make extensive use of sounding 
out. And yet, in order to go on to become skilled read-
ers, they must eventually abandon this strategy. Why? 
There are three reasons. First, there’s the problem with 
irregularly spelled words already mentioned. Second, 
sounding out is a slow process, and so reading that 
depends heavily on sounding out cannot be as fast 
and fluent as skilled reading has to be. Third, there is 
another unfortunate feature of English that interferes 
with reading: homophony. Homophones are words 
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that have the same pronunciation but different spell-
ings and meanings, such as sale versus sail. A young 
reader who has successfully used letter–sound rules 
to sound out sale will have produced an ambiguous 
word: When you just think about its pronunciation, 
how do you know whether this word is about ships 
or shops? The only solution to this problem is to rely 
not on the pronunciation of the word but on its visual 
form. That’s the second method of reading that is 
mentioned in the first paragraph of this entry: whole-
word recognition.

Some children master the use of letter–sound rules 
in the early stages of reading development but subse-
quently have a great deal of difficulty in learning to 
use whole-word recognition, and so later in the stages 
of reading development, they fall behind their peers. 
This particular kind of difficulty in learning to read 
is well documented. It is known as developmental 
surface dyslexia (another one of the many different 
subtypes of developmental dyslexia). These children 
have much smaller sight vocabularies than normally 
developing readers of the same age, and they make 
many regularization errors when reading aloud irreg-
ular words, such as reading have to rhyme with cave or 
blood to rhyme with food.

So it is essential to assess whole-word recognition 
(sight vocabulary) ability in reading classrooms. The 
most direct way to do this is test the child’s ability 
to read aloud irregular words such as yacht, have, 
or blood. Because the only way to read aloud such 
items is by using whole-word recognition, any child 
who is poor at this method of reading will be easily 
identified when given irregular words to read aloud, 
and remediation specifically targeted at the abil-
ity to read words as wholes (rather than sounding 
them out) can be introduced. Unfortunately, there 
are very few reading assessment batteries that test 
irregular word reading. In batteries that do include 
a word reading test, the majority of the words are 
regularly spelled. That’s no good because a child can 
read aloud a regularly spelled word even when this 
word is not in the child’s sight vocabulary (the child 
can instead read the word via the letter–sound rule 
method).

Max Coltheart
Macquarie University
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Dyadic	Interaction	and	
Early	Communicative	
Development
Dyadic interaction refers to early face-to-face inter-
actions in which caregiver and infant appear to be 
responding to each other in a bidirectional way 
through circles of interaction from one to the other, 
usually in close physical proximity of each other. This 
process of mutual engagement provides the infant 
with the foundations of early communication and 
language development (listening, comprehension, 
and expression) by offering experiences in recognizing 
familiar and unfamiliar voices; attending to, perceiv-
ing, discriminating, and eventually comprehending 
sequences of human speech and nonspeech sounds; 
and discovering the impact of vocal and verbal behav-
iors on others and the process of turn taking.

The experience of having early signals interpreted 
correctly, and responded to appropriately and contin-
gently by the caregiver, is a motivation for the child’s 
continued attempts at communication. This crucial 
foundation of language development will support the 
infant’s later expectations that vocal, verbal, or ges-
tural attempts can be used to meet social and physi-
cal needs. Early communicative development includes 
not just vocal behavior but a variety of infant behav-
iors that co-occur, including gaze, body movement, 
and affect (as shown in facial expression and other 
physical changes such as eye widening or closing). 
Infant communication is, therefore, multidimen-
sional, and it is also dynamic because these behavioral 
components are rapidly changing over time both 
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daily and developmentally throughout the first year 
of life. Infant communication is impacted by degrees 
of alertness, sleepiness, or hunger. In addition, neu-
rodevelopmental changes in vision, hearing, and 
respiration; physical development of the oral motor 
structures, body posture, motor skills, and cognition; 
and social-emotional development affect the quality 
of dyadic interaction and early communication.

This dyadic interaction is not a one-way interac-
tion. Each partner influences the actions of the other 
partner in a back-and-forth manner, whether through 
speaking and vocalizing or smiling and laughing. The 
coordination is continuous and mutually regulated 
by both partners (caregiver and infant). Both part-
ners may be equally actively engaged with each other, 
or one partner could be actively engaged while the 
other is not, as when the infant is tired, distressed, or 
overstimulated. The infant may disengage by looking 
away, yawning, or closing his or her eyes. Such com-
munication involves affect sharing and attunement. 
Attunement refers to the caregiver’s efforts to main-
tain infant attention, the warmth of his or her sensitiv-
ity to the infant, and his or her (possibly their) social 
responsiveness. How the caregiver and infant attune 
to each other impacts both the development of self in 
the infant and the communicative relationship. This is 
what creates the affective state within which the care-
giver and infant respond to each other’s signals and 
initiate interaction in the form of a dance. It is not 
simply imitation. It involves the communication of 
feelings that can include intensity, timing, and shape 
across domains. For example, such synchronization 
could be the caregiver saying “ah, ah, ah” in response 
to the movement of the infant or the caregiver moving 
rhythmically in response to the child’s sounds. Care-
giver behaviors typically include culturally determined 
combinations of smiling, touching, gestures, vocal-
izing, laughing, verbalizing, and looking that occur 
within the routines of everyday activities. The infant-
directed speech caregivers use with their infants and 
their cultural expectations for infant responses influ-
ence the type of dyadic interactive style and may also 
impact their communicative development.

Play is one example of a common routine between 
caregiver and infant across cultures and typically 
involves positive facial and vocal affect, dyadic inter-
action, and early communication. Caregiver–infant 
games include peekaboo, pat-a-cake or patty-cake, or 
holding a cloth in the caregiver’s mouth that the infant 
pulls away. From about 7 to 9 months of age, there is 

a period of increased social interaction wherein the 
caregiver embeds the infant’s actions into a series 
of turn-taking routines, and scaffolds the infant’s 
attempts to move or pull a cloth by moving nearer the 
infant, using a hand over the infant’s hand, and giving 
verbal encouragement. The infant learns socially how 
to use gestures, touch, vocalizations, facial expres-
sions, and body movement in repeated and persistent 
efforts to elicit the caregiver’s response and interact. 
These early games provide examples of how the infant 
increasingly communicates with intentions to indicate 
requests for initiating a game, continuing the turns, 
or ceasing the activity. Throughout the first year, the 
infant not only listens to and learns from the care-
giver’s communication but also initiates and responds 
with facial, gestural, and vocal communication.

Typical early infant communication includes vocal 
development that follows a clear sequence consist-
ing of the phonation stage (0–2 months), primitive 
articulation stage (1–4 months), expansion stage (3–8 
months), and the canonical stage (5–10 months). In 
the phonation stage, the infant produces mainly cries 
and makes vegetative sounds and brief vocalizations. 
In the primitive articulation stage, the infant produces 
some limited articulation sounds. As the shape of the 
oral cavity is changing, the tongue occupies less space 
in the mouth, and the quality of sounds becomes 
more resonant. Also about the age of 3 months, the 
infant produces real laughter. The expansion stage is 
when infant sounds become more fully vowel-like, 
and one hears the emerging articulation of conso-
nant-like sounds. Between 6 and 10 months, the child 
begins to combine vowel-like sounds and consonant-
like sounds to form adultlike syllables. These vocal-
izations, called canonical syllables or babbling, are 
an important indicator of early speech development. 
Between 8 and 10 months, children typically begin to 
produce more complex and speechlike vocalizations.

Although caregivers appear to attribute meaning 
to the overtones of early infant vocalizations in the 
first 6 months, by the second half of the first year, the 
type of vocalizations produced by the infant do influ-
ence the caregiver’s response. If the infant produces 
vowel-like sounds like oo or a, then the caregiver is 
likely to respond with a play vocalization, like sound 
effects and singing, and acknowledgements, but if the 
infant’s vocalizations contain a consonant-like sound 
as in da, then the caregiver is more likely to respond 
in a conversational way by imitating or expanding on 
those sounds. In turn, the infant has to analyze and 



170 Dyadic Interaction and Early Communicative Development

decipher the meaning from a continuous stream of 
adult speech sounds. The infant learns language more 
easily from infant-directed speech than typical adult 
speech. The characteristics of infant-directed speech, 
which include repetition, slowed speech, stressed key 
words, exaggerated intonation, and referral to events 
and objects mostly in the immediate situation, assist 
in the acquisition of language as the infant gradu-
ally makes sense of what is heard, responds, imitates, 
and initiates his or her own communication. Infants 
acquire words more easily when the adult follows the 
infant’s focus of interest, uses social cues such as gaze 
and gestures to direct the child’s attention to the point 
of reference, and gives the infant the opportunity to 
initiate and respond to communication.

The quality, frequency, and communicative content 
of dyadic interaction is impacted by cultural traditions, 
social routines, the age and gender of the caregiver, and 
the educational level of the caregiver. Cultural differ-
ences in dyadic interaction and the existence of exclu-
sive caregiver–child interaction emerge as early as 2 to 
3 months. At that age, German middle-class mothers 
and infants have longer periods of mutual gaze than 
rural West African (Ngo ethnic group in the north-
west province of Cameroon) mothers and infants. The 
Ngo mother–infant interaction has fewer turn-taking 
behaviors, but the mothers repeat the infants’ sounds 
and produce many nonspeech sounds in their inter-
actions. More educated mothers are more likely to 
exhibit more Western patterns of interaction. Navajo 
mother–infant interaction involves less time on moth-
er’s lap, shorter interactive bouts, and fewer maternal 
vocalizations and verbalizations. There is more ongo-
ing sibling involvement during Navajo mother–infant 
dyadic interactions than Anglo mother–infant interac-
tion. Culture impacts the social context, such as play-
ing on a cloth next to the mother while she sells pro-
duce in the market or mealtime in a high chair. This in 
turn influences the vocal and verbal content and style 
of the dyadic interaction.

In addition to cultural differences, gender, age, and 
familiarity impact dyadic interaction and communi-
cative styles. Fathers’ dyadic interactions with infants, 
especially in the second half of the first year, are dif-
ferent from mothers. Fathers are found to be more 
physical, speak more often, and use longer utterances. 
School-age child caregivers may use shorter utterances 
with less information when interacting with infants, 
and 4-year-old children speaking to infants under 12 
months do not change their pitch or pitch variation 

as adults do, but they do slow down their speech. The 
relationship between adult and infant is an additional 
factor, and by 6 months, there is a clear difference in 
stranger–infant dyadic interaction and mother–infant 
interaction. Measures of infant and adult gaze, smile, 
vocalization, and physical contact are often similar, but 
the dyadic interaction is different because the infant 
is more passive (asymmetrical dyadic interaction) 
with the stranger than with the mother (symmetri-
cal dyadic interaction). When both the relationship 
and the interaction are not optimally positive, the 
characteristics of the dyadic interaction also change. 
This is true for mothers even when they are only 
mildly depressed when they interact with their 6- to 
10-month-old infants. These infants are likely to touch 
themselves more than a toy or their mother, and their 
mothers show reduced affect, positive touch, and pro-
vide less information in the language they address to 
their infants.

Positive dyadic experiences for the infant and care-
giver, accompanied with high-quality language input, 
are important for communicative and cognitive 
development as well as the development of later lan-
guage and literacy skills. Dyadic interaction and early 
communication are embedded in relationships and 
routines, which during the first year of life, are rapidly 
changing as the child embarks on the early stages of 
language development. 

Eva Nwokah
Our Lady of the Lake University
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Dynamic	Synchrony	and	
Early	Word	Learning
Out of near infinite possibilities, how do infants 
come to perceive the relation between a segment of 
speech and a specific aspect of what is available visu-
ally at any one moment? At the very least, the infant 
must hear a word uttered in the presence of its ref-
erent. Considerable early word learning research has 
focused on the role of pointing and eye gaze in cre-
ating joint attention. However, while many infants 
of less than 18 months of age follow distal points or 
eye gaze accurately, there is no evidence that doing 
so leads to word learning before 18 months. None-
theless, by 12 months of age, they comprehend 60 to 
80 words. One crucial aspect of achieving this devel-
opmental milestone that had been overlooked was 
a detailed description of what caregivers say and do 
when interacting with their infants. Longitudinal 
observations of naturalistic interaction in several 
cultures and language communities documented 
that gestures are used to direct infants’ attention dur-
ing the prelinguistic period—from 6 to 11 months 
of age—when caregivers synchronize the saying of a 
word with a dynamic show gesture. Cross-sectional 

study of infants from 6 to 8 months of age conducted 
in the laboratory corroborated the use of caregiver 
gestures and their facilitation of early word learning. 
This synchronizing of word and gesture allows infants 
to detect amodal invariants and patterns of intersen-
sory redundancy, which are crucial to word learning. 
A variety of habituation studies using simplified stim-
uli demonstrated associations between speech sounds 
(vowels and single syllables) and objects (displayed by 
a hand or by itself) with amodal stimuli in infants of 
7 and 8 months. Recently, more stringent renderings 
of caregivers’ communicative styles during early word 
learning served as the basis for experiments using 
eye-tracking technology. As infants of 9 to 15 months 
viewed videotapes of a person speaking to an infant, 
these experiments confirmed that dynamic gestures 
synchronized with speech draw attention from the 
mouth to the object. These conditions made the cor-
respondence of word and referent easy to see and hear 
(detect) and led to enhanced word learning.

To understand how infants learn the relation 
between word and referent (object) before they are 
skilled at detecting another’s target of attention 
through pointing or eye gaze, consider the everyday 
environment in which infants are situated. At home, 
multiple sources of sound and sight surround infants: 
family members interacting, pets playing and fighting, 
vehicles driving by, or planes flying overhead, natu-
ral phenomena unfolding (wind blowing, rain fall-
ing, insects buzzing, and birds chirping), along with 
televisions blaring and telephones ringing. On the 
one hand, while speech streams by, the infant might 
be looking at any one of these objects or events. Such 
very busy visual scenes are not predigested, edited 
films with only the important elements presented 
prominently in sharp focus. Therefore, temporal con-
tiguity or the simple co-occurrence of word and ref-
erent cannot be the answer. On the other hand, per-
haps, the task of picking out a particular word from 
an utterance is easier than detecting an object from 
the visual scene. Unfortunately, people do not talk like 
this, even to infants; rather wordsruntogether. So, how 
do infants select what to notice and then relate word 
and world to each other, when so many possibilities 
are available in the speech stream and the visual flow?

From about 6 to 11 months, caregivers direct atten-
tion most frequently with a show gesture to nondy-
namic objects or animate beings as targets of attention. 
When showing, caregivers monitor and control their 
infants’ gaze or attention by placing an object in the line 
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of sight between the caregiver and infant. They often 
loom and retract objects so that other visual informa-
tion is occluded and the object dominates the infant’s 
field of view. Or, as the word is said, the object is rotated 
around the axis of the hand or arm from facing forward 
to the side and back. In this way, the loom and retract or 
the movement to the side and back match the onset or 
offset, rhythm, tempo, and duration of the saying of the 
word, for example, ki-tty. By doing so, caregivers nest 
their messages in regularities in both sight and sound. 
This temporal synchrony allows infants to detect the 
simultaneous co-occurrence of patterns of perceptual 
information that stimulates across the senses. The abil-
ity to detect such intersensory redundancy enhances 
infants’ ability to notice such patterns as unitary events 
(birds singing, hammers banging, or a baby crying). 
These amodal invariants, perceivable in the synchro-
nous and dynamic coupling of gesture and speech, may 
clip the relevant segment of the speech stream for the 
infant, making detectable the relation between a word 
and what it represents.

An interesting aspect of the speaker’s use of a show 
gesture is its value in creating a ventriloquist effect. 
Infants who are learning their first words prefer to 
look at the mouth when someone is speaking, per-
haps, due to the intersensory redundancy of lips and 
speech, which may facilitate the learning of speech 
forms. However, to learn the relation between word 
and object, infants must look at the object as the word 
is said and stop looking at the mouth. The show ges-
ture overcomes this problem through the ventrilo-
quist effect in which speech is mislocalized or cap-
tured by larger, synchronized visual events. In other 
words, the gesture of the hand may speak louder than 
the mouth, attracting attention away from the smaller 
mouth to the larger object as it moves synchronously 
with the caregiver’s speech.

In research based on these ideas, two novel objects 
and accompanying novel words were introduced to 
infants 9 to 15 months old by an actor who spoke and 
gestured as closely as possible to the way in which 
caregivers interact with their infants. A dynamic ges-
ture synchronous with speech (Look at the gepi) was 
contrasted with either a static gesture or a dynamic 
gesture that was asynchronous with speech. The 
dynamic synchronous gesture was modeled after the 
show gesture that caregivers have been observed to 
use. The researchers were able to make use of digital 
editing to produce videos for the three gesture con-
ditions that had identical sound tracks and differed 

visually only with respect to the gesture. Furthermore, 
by tracking the eye movements of the infants, they 
were able to determine the extent to which the gesture 
affected eye gaze and whether dynamic synchronous 
gestures functioned to bring the infant’s attention to 
the referent as the word for the object was uttered (see 
Figure 1). The eye-tracking data showed that infant 
attention was more likely to be drawn away from the 
mouth to the object at the time the word referring 
to it was said if the gesture type was dynamic and in 
synchrony with speech. Most importantly, the pre-
sentation of a word–object pairing using a dynamic, 
synchronous gesture led to enhanced word learning, 
especially in infants less than 12½ months of age.

Creating stimuli that as closely as possible retain the 
characteristics of the natural environment in which 
infants learn their first words allowed researchers to 
discover key processes that underlie early word learn-
ing. Conversely, how learning takes place during the 
course of infants’ everyday lives benefits from being 
precisely clarified under artificially altered conditions 
in the laboratory to determine how various systems 
contribute to ongoing development. 

Patricia Zukow-Goldring
University of California, Los Angeles

Nancy de Villiers Rader
Ithaca College 

Figure	1 Infant eye gaze to speaker’s mouth 

As shown in this figure, infants 9 to 12 months of age tend to 
fixate on a speaker’s mouth. When the speaker uses a show 
gesture, the infant’s attention is drawn away from the mouth 
and toward the object as the word for the object is uttered.
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Dynamic	Systems	Theory	
and	Language	Development
Dynamic Systems Theory (DST) is a theoretical 
approach that focuses on the processes of change 
over time in complex systems. The approach has a 

long history in the study of physical and biological 
systems but has more recently been applied to motor 
and cognitive development and to the understanding 
of cognitive processes such as language. DST views 
behavior as emergent from the interaction of multiple, 
softly assembled components that are mutually influ-
ential and evolve over multiple, embedded timescales. 
These components span levels of the system from hor-
mones and neurons, to the physical characteristics of 
the child, to aspects of the immediate context and the 
more distal cultural and societal contexts. In the case 
of language development, these components include, 
for example, the child’s articulatory apparatus, the task 
presented to the child and the environmental context, 
the child’s current state, the child’s just-previous activ-
ity, and the child’s long-term history and patterns of 
behavior. Thus, DST views language development as 
a continuous process of change that is influenced by a 
diverse array of causal factors that interact moment by 
moment and year by year.

These ideas have been used to both guide empirical 
research on language change and formalize understand-
ing of the processes of change in mathematical mod-
els. Research programs inspired by the DST approach 
seek to understand how the multiple components of 
a system interact in specific contexts. Because these 
programs take a broader perspective on the relevant 
aspects of the system, they often reveal the importance 
of nonlinguistic influences on language development.

Formal mathematical models, often incorporated 
into these research programs, provide means to test 
the details of how subsystems interact and influ-
ence each other in a moment and over development. 
The key distinguishing feature of DST models is the 
explicit consideration of change over time. In particu-
lar, the model’s state at one point in time has a direct 
influence on its behavior at the next time point. For 
example, the recurrent connectivity of simple recur-
rent networks means that the state of the system at 
time one provides input to the activation at time two. 
Likewise, dynamic neural field models are based on a 
set of differential equations that specify how neural 
activation evolves over time. These kinds of models 
have shed light on aspects of grammatical and vocab-
ulary development, for example.

Together, empirical and modeling work from the 
DST perspective has led to new understanding of 
language development in multiple areas such as, for 
example, the onset of syllabic productions in infants, 
the relation between children’s ability to quickly link 
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novel words to novel referents and changes in their 
ability to retrieve familiar words from the lexicon, and 
the complexities of sentence comprehension.

Key	Concepts
Several key, interrelated concepts are at the heart of 
the DST approach. Foremost is the concept of emer-
gence. This is a particularly important idea for the 
study of development, which is centrally concerned 
with the origin of new forms of behavior. The idea 
of emergence is that behaviors and behavioral change 
are not hardwired but that they instead come out of 
the ongoing processes of the system’s many compo-
nents interacting over time. Furthermore, the system 
is embedded in, and always interacting with, the envi-
ronment. This means that stable components of the 
system are brought together in new configurations 
fit to the specifics of the moment, such as when the 
understood meaning of bear shifts in the context of 
bedtime versus the zoo or Yellowstone National Park. 

Closely tied to the concept of emergence in DST 
is the idea of multiple causes. This is the idea that 
behaviors and behavioral change are always driven by 
numerous interacting forces, none of which is singly 
deterministic of the outcome. From a DST perspec-
tive, the components that influence behavior span 
all levels of the organism and environment, and thus 
include forces from genes, to hormones, to the spe-
cifics of the body’s composition, to the behaviors of 
communication partners, to aspects of the environ-
ment, such as the amount of speech produced in the 
home. All of these factors, among many others, are 
softly assembled in a moment in time and configure 
the system to produce a particular behavior. Thus, 
when the child correctly interprets handle said in the 
context of mom’s familiar coffee mug, the stimulus, 
utterance, and child’s prior knowledge of mug have all 
come together in that moment to aid comprehension, 
and all are critically responsible for the behavior.

A third key concept in DST is that of multiple tim-
escales that are nested and interactive. DST theorists 
seek to understand development and longer-term 
change as the product of accumulating changes over 
the shorter timescales of months, days, hours, and 
moments. By this view, a behavior that is about to 
happen is created out of the behavior that just hap-
pened. The critical factor is that the behavior in ques-
tion could unfold over milliseconds in the case of eye 
movements or reaction time, minutes in the case of 
selecting the referent of a novel word, weeks in the 

case of expanding a vocabulary, or years in the case of 
pragmatic developments as the child learns to interact 
with more people in more contexts. Thus, where the 
eyes are going to move is partly determined by where 
they have just been. How a new word is generalized 
depends on what aspect of the exemplar’s category 
was just highlighted. The kinds of words that are likely 
to be added to the vocabulary next are influenced by 
the biases for interpreting meaning the child has cre-
ated out of their prior vocabulary knowledge. And the 
likelihood the child will be expressive and outgoing 
in conversation with a new child at daycare is influ-
enced by the child’s prior success in similar interac-
tions at the park. Critically, these changes at each of 
these timescales are nested and mutually influential: 
The child’s ability to succeed in novel social situations 
depends on having sufficient vocabulary and the abil-
ity to flexibly shift understanding of semantics based 
on the new social partner’s input, which requires 
using eye gaze to quickly follow a line of regard and 
establish common ground.

Implications	for	Language	Development
Emergence, multicausality, and timescales. The focus of 
DST on emergence, multicausality, and multiple, nested 
timescales has critical implications for our view of 
any developmental phenomenon, including language 
development. First, the DST perspective suggests that 
understanding the process of language development 
requires understanding both the stability and flexibility 
children show in their use of language. Because devel-
opment is created out of multiple interacting forces 
that include both the specifics of the current context 
and the task at hand, as well as the child’s own intrinsic 
dynamics and history, previously produced behaviors 
can reemerge in subtly different forms that are fit to the 
specifics of the moment. According to DST, stability is 
the product of similar moments of the system, while 
flexibility is the result of multicausality and the system’s 
open interactions with the context and environment. 
Therefore, the fact that many children reach language 
milestones at similar ages would be attributed to the 
fact children are similar in their physical makeups 
and exposed to similar inputs in similar contexts. This 
dynamic systems perspective, however, allows an equal 
appreciation of individual differences and the variabil-
ity of development because such differences provide 
windows onto the factors that change the details of 
developmental timing and course and, ultimately, pro-
vide insight as to how development occurs.
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Relatedly, the DST perspective also clearly implies a 
continuous view of development. The system and all 
its components always bring along their past to influ-
ence current behavior, and development is under-
stood as coming from the ongoing activity of the 
system. For example, children’s production of water 
shifts from waya to wader as they become able to fully 
close the mandible at the syllable break and then to 
water when they become able to also time the stop-
ping of the vocal fold vibration so that it occurs with 
the movement of the tongue to the top of the oral 
cavity. Over time, and in combination with the cur-
rent context and environment, nonlinear shifts can be 
seen at the behavioral level, but these are grounded in 
the history of the system. A sudden shift in the rate of 
word learning, for example, would not be attributed 
to a switch to a new way of processing but, rather, to 
the fact that the child is continually exposed to many 
new words and the system has reached a tipping point 
where many words of about the same difficulty level 
have been heard enough to be stable in the lexicon.

The DST view that behavior is always mutually 
determined by a multitude of interacting compo-
nents and that no one component can ever be said to 
have causal priority has the additional consequence 
that nonobvious influences can have critical affects on 
behavior and change. The system includes the child, 
their social partners, the task they are presented, their 
history, and the larger context, and all of these aspects 
of the system are responsible for the particular con-
figuration that creates behavior in the moment. Thus, 
behavior can be influenced by changes in any and all 
components of that system—the genes, the brain, the 
environment, and the culture as well as social part-
ners, input sources, available resources, and action 
patterns. Further, this extends to seemingly unrelated 
parts of the system, such as the relatively short length 
of the child’s arms, which, because of his or her small 
size, cause held objects to be close to the child’s eyes 
and thus to take up most of the visual field, thereby 
reducing strain on attentional resources in naming 
contexts. Likewise, children can use seemingly unre-
lated aspects of the world around them to solve diffi-
cult language problems, such as mapping novel words 
to unseen referents in ambiguous naming contexts. If 
an adult says a novel word while pointing to the spot 
on an empty tabletop where an object is known to 
typically be, children will map the word to the absent 
object. Furthermore, parents who keep objects in con-
sistent spatial locations when teaching their children 

novel words have children who learn those words bet-
ter. Thus, a nonobvious factor—the spatial location of 
possible referents—matters in young children’s early 
word learning. This initially surprising finding fits 
with research showing that spatial location serves as 
an index of remembered information more generally 
and that both adults and children will look back to 
the location in which a fact or sound was previously 
presented when trying to recall that information. It 
also fits with the use of space for reference in sign lan-
guages and in gestural communication. The connec-
tion between space and word learning is natural to the 
DST perspective because the larger context of word 
learning is viewed as a critical influence on behavior. 
The link between space and word learning does not 
fit so easily, however, with more traditional perspec-
tives that restrict possible sources of language change 
to language-specific processes.

 
The child’s role. As these examples also illustrate, the 
DST perspective includes a very active role for the 
child. As the center of the developing system, the child 
shapes both her internal and external environment, 
eliciting novel stimuli or familiar comforts. She might 
point to a novel object to elicit a name from Dad or 
get feedback regarding the complexities of grammar 
via Mom’s restatements of her ungrammatical pro-
ductions. From a DST perspective, however, these 
solicitations from the environment are not inten-
tional. Rather, as part of a complex interacting system, 
the child’s behaviors necessarily produce responses 
from the other components of the system. Further-
more, because the system is interconnected and evolv-
ing over time, the dynamic evolution of this action-
and-reaction cycle will serve to push the system to 
new states and new behaviors. Thus, 18-month-olds 
from homes where large amounts of speech are pro-
duced will have larger vocabularies at 24 months of 
age, and they will use those vocabularies to elicit more 
diverse and sophisticated input from their parents. 
This will result in advanced productions when these 
children are 36 months of age, including more ques-
tions about things not present in the here and now. 
Parents will respond to these questions with more talk 
about absent objects, leading to 48-month-olds with 
even more sophisticated vocabularies who are able to 
ask even more sophisticated and abstract questions. 
Thus, we see from a dynamic systems perspective how 
the initial interactions between child and social part-
ner can result in a cascade of new vocabulary learning.
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A final implication of the DST perspective is per-
haps the most radical. Because this view posits that 
behavior is jointly determined by a multitude of 
causes, some of which are internal to the organism 
and others of which are external, the DST perspective 
suggests that behavior and behavioral change cannot 
be driven solely by internal knowledge structures. 
Rather, DST suggests that knowledge is emergent 
from the combined interaction of the system and the 
available support and input from the environmental 
context. Further, because the components of the sys-
tem are always evolving and changing from moment 
to moment, DST eschews static internal representa-
tions. Rather, knowledge is distributed over all the 
components of the system, from the configuration 
of the articulators, to the child’s short arms that 
make the novel object the single focus of her atten-
tion, to the contextual similarities that bring the his-
tory of yesterday’s naming event to bear in the cur-
rent moment.

Example	Applications
These central components of DST—emergence, mul-
ticausality, and multiple timescales—and the implica-
tions they have for language development transcend 
all aspects and levels of language, from perceptual to 
productive and phonological to communicative. To 
illustrate this, this entry closes with three examples 
of the dynamic systems perspective applied to devel-
opmental changes in three different components of 
language—vocal productions, word learning, and 
sentence comprehension. 

The	Continuum	of	Language	Development
The syllabic vocalizations that emerge during the first 
months of life and their continual transformation 
into first words and contingent social interactions 
exemplify the dynamic systems concepts described 
above. Physical, cognitive, and social factors inter-
act to produce infants’ babbling and first words. On 
a physical level, the child’s tongue becomes smaller 
compared to his oral cavity, the vocal tract length-
ens, and the child gains more control over the move-
ment of his jaw, lips, and teeth, all of which support 
the onset of speechlike sounds. At first, these fleet-
ing sounds emerge from random oscillations of the 
jaw, but over the course of days and weeks, the child’s 
control over his mandible results in more rhythmic 
movements associated with syllabic pronunciation. 
Simultaneously, babbling and first words emerge 

as infants recognize that making certain sounds 
yields contingent responses from social partners. 
As infants begin to manually explore and play with 
objects, social partners provide labels for what cap-
tures the child’s attention; mimicking and repeating 
these sounds provides opportunities for infants to 
learn and practice the phonetics of their native lan-
guage in increasingly meaningful contexts. Likewise, 
moment-to-moment interaction with the social part-
ner lays the foundation for turn taking and the rudi-
ments of conversation that will be shaped and refined 
over days, weeks, and months as the child increases 
his babble and vocal productions. Thus, we see new 
behaviors emerging from a vast array of interacting 
system components softly assembling as interactions 
unfold over multiple timescales.

Recent work in early word learning provides 
another illustrative example of DST concepts applied 
to language development. Young children are fre-
quently exposed to ambiguous naming contexts in 
which a novel word is spoken in the presence of a 
number of possible referents. For example, the child 
might hear “Hand Daddy a koosh ball” in the con-
text of a playroom strewn with toys. In such contexts, 
children draw on multiple sources of information 
such as the relative novelty of nearby objects, their 
prior vocabulary knowledge, the speaker’s direction 
of gaze, and the syntactic context of the request to 
select the likely referent at that moment in time. 
Given that similar referent selection situations are 
likely to repeat multiple times—the child responds 
to Mom’s subsequent request to put the koosh balls 
away and the next day is handed a koosh ball to play 
with at the park—each subsequent association of 
the novel word-referent mapping can build on the 
prior, reinforcing learning over multiple timescales. 
Thus, novel lexical entries emerge from the integra-
tion of multiple sources of information across the 
timescales of in-the-moment behavior and day-to-
day repetition.

Resolution of ambiguity in sentence processing 
serves as a final example of the application of DST 
concepts to language development. Many of the sen-
tences children hear and say every day are ambigu-
ous. For example, a child might hear “You can play 
with the toy Grandma gave you tomorrow.” If this 
sentence was uttered after the sentence “Time to 
go—we’ll come back to Grandma’s house tomor-
row,” even a young child could resolve the ambiguity 
and understand the first sentence to mean “You can 
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play with the toy Grandma just gave you when we 
come back tomorrow.” From a dynamic systems per-
spective, these ambiguities, as well as the ability to 
resolve them efficiently in active discourse, are based 
on multiple factors that come together in a moment 
to constrain possible interpretations. These include 
information about the possible meanings of a word, 
the frequency of those meanings in common speech, 
the fit of a surface form in the syntactic role of a 
sentence, and the context of the utterance includ-
ing prior discourse and the surrounds. By this view, 
as a sentence unfolds in time, possible meanings are 
activated and dynamically compete based on these 
constraints. Furthermore, because factors such as 
the frequencies of meanings in typical speech are 
learned over time, a DST perspective of sentence 
comprehension predicts developmental differences 
in children’s abilities.

Larissa K. Samuelson 
Megan Galligan

University of Iowa

See	Also:	Computational Models of Language 
Development; Cross-Situational Word Learning; Shape 
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Early	Second	Language	
Acquisition
The term early second language acquisition usually 
refers to the child’s acquisition of a language other 
than the first one (also called native language) during 
childhood. While the first language (L1) is normally 
acquired from birth through exposure to the ambient 
language and interaction with the family members (i.e., 
parents, siblings, and main caretakers) who regularly 
use this language to communicate with the child, the 
acquisition of a second language (L2) in the early years 
can be the result of a wide range of social and interper-
sonal circumstances. The general term second language 
acquisition (SLA, although L2A can also be found in the 
literature) is used to refer to the either formal (through 
instruction) or informal (through exposure in natu-
ralistic contexts) acquisition of a language subsequent 
to the learning of a first one, but early SLA (also cL2 
acquisition, standing for child second language acquisi-
tion) is restricted to those situations in which exposure 
to and learning of a language different from the first or 
native one takes place at an early age, during childhood, 
very often before completion of L1 acquisition pro-
cesses. For this reason, it can be sometimes difficult to 
establish a neat distinction between bilingual language 
acquisition and very early SLA, except for the fact that, 
only in the former, simultaneous and continued expo-
sure to two languages is present from birth. 

When L1 is maintained and regularly used in natu-
ral contexts, very early second language learners will 
eventually be best described as bilingual adults, not 
very different from simultaneous bilingual individu-
als. In other circumstances, however, usually linked to 
the social status of the languages in the community 
or unsupportive governmental policies toward bilin-
gualism, early SLA might involve a gradual reduction 
of L1 exposure and use, with L2 eventually becoming 
the dominant language with subsequent attrition or 
incomplete acquisition of the first language. Between 
these two end points of a continuum, a large array 
of variability is present in contexts of dual language 
exposure and learning, leading to different outcomes 
in terms of language attainment and use.

In bilingual language development, even if one of 
the two languages might be slightly predominant at 
home, infants are simultaneously acquiring both of 
them through continuous and regular exposure from 
bilingual parents or from parents, each of them speak-
ing a different language. From a bilingual perspective, 
early SLA is much closer to what has also been labeled 
as sequential bilingualism as it implies an initial stage 
of monolingual L1 exposure before the beginning of 
L2 acquisition. Differences in the age at which a child 
is first exposed to and begins acquiring a second lan-
guage can have an impact on L2 acquisition processes 
and also on L2 outcomes. The duration of this initial 
monolingual period of time is, thus, a relevant fac-
tor when assessing the results of early SLA, but there 
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are also other factors that must be taken into account, 
such as the social status of L1 and L2 in the commu-
nity (majority and minority languages), similarities 
and distinctive features between the languages, areas 
of transfer and interference, quantity and quality of L2 
exposure, and use from the input, to mention but a few. 

A typical situation that leads to an early SLA cor-
responds to children who are acquiring an L1 at home 
(for instance, immigrant families living in a country 
where the official language is not the language spoken at 
home) and begin extended exposure to the L2 (the offi-
cial language) once they enter school. This is but one of 
the many possible contexts that characterize early SLA. 
But even in this context, the use of an L1 at home and a 
different language in school settings is not always clear-
cut as sometimes both languages can eventually be 
present in home environments (perhaps in a less bal-
anced distribution compared to bilingual homes and 
with an L2 input to the child gradually increasing after 
a long initial monolingual period) and where children 
grow up in social communities and school settings 
favoring bilingualism. As a consequence, describing the 
processes and outcomes of early SLA becomes a com-
plex task due to the great heterogeneity of social situ-
ations and linguistic contexts. In this entry, the main 
findings regarding early steps and possible differences 
between L1 and early L2 acquisition patterns will be 
first summarized and some of the intervening factors 
in early SLA outcomes will be discussed, with a focus 
on SLA taking place in the preschool years. 

Early	Stages	in	SLA
Several authors have described the following sequence 
of early stages in SLA: (1) a usually brief period of 
home-language (L1) use, useless in the second language 
context; (2) a silent, nonverbal period in which gestures 
are used to communicate with peers, while receptive 
knowledge of the second language is possibly being 
accumulated; (3) the telegraphic period characterized 
by the production of one-word utterances, memorized 
sentence-like utterances, expressions used for social 
routines, and simplified speech that is useful to engage 
in social interaction with peers while increasing oppor-
tunities to obtain significant L2 exposure; and (4) the 
period when productive language use begins to emerge, 
first with a combination of semiformulaic frames with 
slots where nouns, verbs, or adjectives can be inserted, 
and later on with real productive language use that is 
more flexible in terms of words and structures. This 
sequence is subject to great individual variation, with 

stages very variable in duration and not all of them 
always present, but it certainly is a frequent sequence of 
events when SLA begins early, around age 3 to 4 years, 
usually in kindergarten and school settings. It is inter-
esting to note the existence of the second, silent period 
stage (usually a focus of concern among parents and 
teachers), which can last from a few weeks up to several 
months; it is more frequently found in younger com-
pared to slightly older children. Language production 
in stage four is also called interlanguage as it still dif-
fers from the target second language system in several 
aspects. More specifically, L1 is usually influencing L2 
phonology, lexicon, and morphosyntactic properties: a 
“foreign” accent (mispronunciations) can be observed, 
word selection can be erroneous, and deviant gram-
matical structures are often found. Child L2 learners 
in stage four might show some language characteris-
tics close to those found in monolingual children with 
language delays or disorders. Care should be taken to 
avoid misdiagnosing these children as having a type of 
language pathology as their productions are the conse-
quence of the natural process of SLA, and distinct from 
those observed in children with language delays or spe-
cific language impairment (SLI). The end of this fourth 
period is gradually reached when the young learner 
eventually achieves native-like competence in L2. Lan-
guage transfer and interference from L1 to L2 (but also 
from L2 to L1) are common processes in SLA. 

Phonology	and	the	Critical	Period	Hypothesis
Because L1 phonological acquisition is grounded on 
the infants’ perceptual narrowing of the early speech 
perception and sound categorization abilities toward 
the properties of the native language, and these pro-
cesses begin very early in development, around the 
end of the first year of life, exposure and subsequent 
learning of a second language, even as early as in the 
preschool years, very often reveals the influence of the 
L1 phonology. The acquisition of the L2 sound sys-
tem, especially regarding those phonemes that are not 
shared between the languages or slightly differ from 
the ones in the L1, can be compromised, and a per-
ceptible foreign accent can be easily detected. Typical 
examples can be found in the problems to perceive 
and produce the English /r/–/l/ distinction by Japanese 
learners of English or the trouble in vowel discrimina-
tion and production often found in Spanish learners 
of English when dealing with the distinct vowels in 
words like cat, cot, and cut as their L1 vowel system 
has only a single, low central vowel /a/. Differences 

180 Early Second Language Acquisition



between native speakers and SLA speakers can be 
lifelong and are manifested both in production and 
perception. Besides an accented production, the pho-
nological deafness phenomenon can also be detected 
in perception studies showing reduced sensitivity to 
certain contrasts and even phonotactic structures 
specific to the L2 and nonexistent in the learner’s L1 
(for instance, incorrect perception and rendition of 
the syllable initial clusters in words like stop, spot, or 
school by Spanish learners of English, a syllabic struc-
ture absent in their first language). Differences in the 
frequency and distribution of the sounds and sound 
sequences in L1 and L2 systems can in part explain 
the inability to incorporate these challenging proper-
ties of the L2 by the second language learner. Age of 
acquisition is a critical factor in reaching native-like 
phonological abilities in the L2 as it has been shown 
that some challenging properties, such as vowel qual-
ity and voice onset time (VOT), can sometimes be 
acquired and show native-like levels of attainment 
when acquisition begins very early in development 
(even though L1 and L2 phonological systems are 
not totally independent from each other, as it has also 
been shown in simultaneous bilingual acquisition). 

The presence of accented speech has traditionally 
been linked to the hypothesis of a critical period (CP) 
for language acquisition, after which language learn-
ing would proceed more slowly and with less overall 
success. The CP hypothesis was initially formulated 
by E. Lenneberg on a biological basis (linked to brain 
maturation and lateralization) and was subsequently 
reformulated by J. S. Johnson and E. Newport, who 
highlighted the critical interplay between learning 
mechanisms and other cognitive factors to explain the 
age-of-acquisition effects in SLA. Applied to the pho-
nological acquisition domain, the critical or sensitive 
period to incorporate L2 properties remains contro-
versial. The window of opportunity might be narrower 
and located very early in development, as suggested by 
data showing persistent nonnative phonological levels 
for specific elements of the L2 sound system even when 
first L2 exposure took place in the preschool years. 
However, individual variation in native-like phono-
logical attainment suggests that the number of relevant 
factors and their interplay still deserves further analysis.

Lexical	and	Morphosyntactic	Acquisition	in	SLA
In the early stages of SLA, lexical production becomes 
one of the first anchoring points for the young learner 
in the process of becoming a fluent speaker of the 

language. Studies of vocabulary development in the 
L2 for early SLA learners indicate that this is a gradual 
process eventually leading to scores slightly lower than 
those of monolinguals of that language. But, they are 
at the same time keeping with vocabulary growth in 
their L1. If appropriately measured, their scores on 
the L1 vocabulary measures appear to be within the 
normal range. A feature characteristic of vocabulary 
use in SLA that can be found in the literature refers 
to the smaller number of different words produced in 
conversation. SLA learners seem to rely more often on 
nonspecific verbs and nonspecific nominals instead 
of verbs and nouns to describe specific actions and 
objects; they use sound symbolism to replace the tar-
get noun or verb, and they code switch as a solution to 
word-finding problems in L2. 

However, these characteristics are not permanent as 
vocabulary accumulation increases with extended sec-
ond language exposure and use. Individual variability 
is present and can be attributed to specific situations, 
language contexts, and starting age of SLA. Lexical 
learning and vocabulary growth in a second language 
may proceed in a different manner than in the L1, 
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Figure	1 Central factors related to outcomes in second 
 language acquisition (SLA)

Individual variables (such as aptitude or motivation) and 
sociolinguistic factors related to the status of the languages 
in the community are additional variables that can modulate 
second language attainment as well as first language 
maintenance and use. 



simply because there is an already existing lexicon 
(L1) to which the new word-referent mappings can be 
linked, and the acquisition takes place at a cognitively 
more advanced age compared to the same process in 
the L1. For this reason, rate of vocabulary growth can 
sometimes be faster than in younger L1 learners, and 
it can also be faster in older than in younger child L2 
learners. Lexical processing (word recognition and 
access to the stored information) develops gradually 
both in monolingual and SLA learners, but the latter 
(as it has also been found in bilingual populations) 
generally manifest slower speed in word recognition 
and access processes, both in perception and produc-
tion tasks. But again, great amounts of individual 
variation can be found in vocabulary acquisition out-
comes and lexical processing in SLA.

In the morphosyntactic domain, early SL learn-
ers reveal the influence of L1 in some of the patterns 
present in their interlanguage (stage four in early 
SLA), although some of the language errors produced 
during this stage are also developmental in nature. It 
is no surprise that the major area of difficulty is gram-
matical morphology (as found in L1 acquisition), 
with SLA learners also showing a similar sequence 
of acquisition to that found in monolinguals and a 
greater presence of omission over commission errors 
(i.e., not producing a required morphological marker, 
as for instance, adding the plural –s to a noun or over-
producing it incorrectly, as for instance, adding the 
marker to the adjective preceding the noun). More 
specifically, omission of verb morphology markers 
(such as English past tense –ed or third-person sin-
gular –s) has been described in L2 learners of a differ-
ent set of languages and with different L1 verb mor-
phology systems (data have been reported in children 
acquiring German, French, or English as a second 
language). Cross-linguistic studies confirm this paral-
lelism between late-acquired morphemes both in L1 
and in L2 acquisition. Object pronouns are also sub-
ject to a protracted acquisition process, again reveal-
ing the similarities between L1 and L2 acquisition. 
But, differences have also been found between L1 and 
L2 acquisition processes, with the presence of errors 
or production patterns that cannot be directly linked 
to L1 patterns. As an example, null subjects are often 
present in the early stages of utterance production in 
L1 learners acquiring English or other non-null sub-
ject languages such as French or Danish (for instance, 
English-learning toddlers frequently omit the pro-
noun I in utterances such as want more juice); such 

errors have been found to be infrequent in early SLA 
learners, even when subject omission is allowed in 
their L1 language, as is the case in Spanish. The pres-
ence of some differential patterns of acquisition for L1 
and L2, even if restricted to specific morphosyntactic 
domains, reveals the subtle interplay between factors, 
such as cognitive status of the learner, L1 acquisition 
level at the age of first exposure to an L2 input, and 
the specific properties (similarities and distance) of 
L1 and L2 systems.

The	Case	of	Minority	Languages	in		
Majority	Language	Communities
First language attrition or gradual loss is a phenom-
enon mostly restricted to sociolinguistic contexts in 
which the first language is not spoken outside the 
home and acquisition of a majority second language 
through schooling determines a gradual shift in dom-
inance. The phenomenon is absent or greatly reduced 
when L1 can also be used outside the home or educa-
tional policies in the community favor bilingualism 
and promote acquisition and maintenance of both 
languages. Family and community variables (number 
of different speakers available and amount of input 
provided) are determinant in modulating the shift 
in preference and use from L1 to L2. In less extreme 
circumstances, stagnation of L1 proficiency (not loss) 
can be found. When this is the case, vocabulary size 
and grammatical knowledge are negatively affected, 
differing from the levels attained by monolingual age 
peers. In general, the extant literature suggests that 
earlier exposure to the majority language (L2) is asso-
ciated with more incomplete acquisition of the minor-
ity language (L1), thus chances are greater that the L1 
will remain underdeveloped and subject to a shift in 
dominance. Higher attainment in L2 can be predicted 
in these circumstances, together with clear influences 
of the L2 over the L1 in different domains, from pho-
nology to lexicon and grammar, as cross-linguistic 
influences are likely to occur when learners actively 
use their L2 at the expense of their L1. This remains a 
controversial issue, however, subject to research revis-
iting the limits of the sensitive period for L2 acquisi-
tion and plasticity after extended practice.

Conclusion
In the previous sections, basic features of early SLA 
have been described, taking into account data from 
studies involving different language pairs. As in bilin-
gual language acquisition, most of the studies involve 
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English and another language—very often Spanish, but 
also French, German, Italian, Japanese, or Mandarin, to 
mention but a few. World regions where bilingual com-
munities exist and where educational policies favor 
bilingualism or do not totally exclude the minority 
language (the most vulnerable language in that com-
munity) offer the possibility to analyze bilingual but 
also early second language acquisition (for instance, 
Spanish–Catalan, German–Turkish, or Finnish–Swed-
ish communities in Europe, among others). 

Data summarized from these studies indicates 
that early SLA processes are overall similar to those 
in first language acquisition, although different types 
of interaction, involving transfer or competition 
between L1 and L2 systems, are also present, always 
mediated by age of acquisition, quantity of exposure, 
and opportunities for language use as well. Com-
pared to lexical or grammatical acquisition, second 
language phonology (perceiving and producing the 
sounds and structures that form the words in the L2) 
is the domain where transfer and competition from 
an early acquired L1 can be most prominent and 
where native-like attainment is mostly dependent 
on age of acquisition. But, individual variability is 
always present, and differences can be found in L2 
learners with rather similar language backgrounds, 
L2 exposure, and ages of acquisition. 

Additional factors, from cognitive style to speech 
specific or even more general acoustic processing abili-
ties, might ultimately explain these differences. Beyond 
phonology, lexical and morphosyntactic acquisition 
are subject to the same interactive and competitive 
processes between L1 and L2. Also in this case, an ear-
lier SLA, when an L1 grammar is less complete, may 
lead to higher L2 attainment compared to a later SLA. 
To sum up, the interplay among L1 experience, L2 spe-
cific properties, and age of L2 acquisition are core ele-
ments in accounting for differences in SLA attainment. 
But, around these basic elements, social and individual 
factors are also critical for successful learning, ranging 
from the social status of the languages in the commu-
nity and the input quality and quantity to the learner’s 
motivation, aptitude, and learning strategies. 

Laura Bosch
University of Barcelona
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Early	Word	Learning
During the first two years of life, infants begin mapping 
words to referents. They initially show a bias toward 
nouns in the early stages of word learning, and it is not 
until closer to 1½ years that infants begin to acquire 
a wider range of word-referent mappings (verbs and 
adjectives). In the absence of contextual support, such 
as pointing, contingent responses, or sentence (syntax) 
information, infants use their knowledge of the sound 
system to inform new mappings. When engaged in a 
more naturalistic word-learning situation, infants are 
more open to different types of forms and symbols 
as labels for objects. This shows the sophistication of 
the sound system in constraining early word-referent 
learning while demonstrating the power of social 
information in word learning.

Infants recognize familiar words, such as their 
names, foods, and body parts, beginning around 4 to 6 
months of age. While they are likely simply recognizing 
sound patterns that they have frequently experienced, 
this early recognition of familiar words does help to set 
the stage for subsequent word learning. Indeed, infants 
can use familiar words to parse out adjacent word 
forms from the continuous speech stream. During this 
same developmental period, infants are learning about 
the sounds and sequences of sounds in their native 
language. They demonstrate preferences for sound 
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sequences that are appropriate for words in their lan-
guage environment over those that do not occur in 
their language environment. Thus, infants are learning 
a great deal about the word forms of their native lan-
guage even before they begin to produce words.

Word-Referent	Associative	Learning
An important step in the word learning process is 
establishing a mapping between word forms and their 
referents. Infants’ early word mappings focus primar-
ily on word–object mappings, followed later by the 
development of words for properties and events. In 
order to explore the nature of early word–object asso-
ciations, researchers have used the switch procedure 
designed by Janet Werker, Les Cohen, and their col-
leagues. In this procedure, an infant sits on a care-
giver’s lap and sees a novel object moving back and 
forth across the screen. An auditory label accompa-
nies the presentation of the visual object, typically in 
an asynchronous fashion. Infants view these novel 
word–object pairings until they habituate to a preset 
criterion. This usually is a predetermined decrease in 
looking time from the looking time during the first 
block of trials. After infants habituate, they are pre-
sented with two test trials. One trial has the word–
object pairing that infants experienced during habitu-
ation (same trial). The other has a mismatch in the 
pairing (switch trial). That is, the pairing of the word 
and the object is not the same pairing experienced 
during habituation. If infants have learned specific 
word–object pairings during habituation, then this 
mismatch should be surprising to them, and they will 
look longer during this switch trial. Thus, the switch 
task allows researchers to examine infants’ ability to 
associate sound forms with objects in a highly con-
trolled environment with no social or referential cues.

Using the switch paradigm, word–object associa-
tions have been demonstrated in infants as young as 
8 months. However, these young infants require that 
the motion of the object and the auditory label be pre-
sented in synchrony, suggesting that the simultaneous 
presentation of information helps to support learning 
at this early age. By 12 months, infants can learn new 
word–object pairings even when asynchrony occurs 
between the auditory presentation of the label and 
the object’s motion. In fact, it appears that this asyn-
chrony helps these older infants learn the pairings.

Around 12 months of age, infants begin to dis-
play preferences for particular word forms as object 
labels when tested in the switch task. That is, infants’ 

willingness to map novel words to objects in this purely 
associative learning task is constrained by their experi-
ence with their native language sound patterns. Infants 
will map labels only to objects that are well formed for 
their language. For example, English-learning infants 
will not map individual sounds (e.g., /l/), communi-
cative sounds (e.g., mmm, oooh), function-like words 
(e.g., iv, keh), or forms with illegal consonant clusters 
(e.g., ptak) to novel objects. They will, however, map 
novel words that conform to typical noun-like word 
patterns, such as fep and plak, to novel objects. Infants’ 
preferences for well-formed words are flexible in that 
English-learning infants of 12 months will accept Japa-
nese words (e.g., sika) as possible labels for objects. In 
this case, infants might be treating these word forms 
as accented English or as a dialectical variant, suggest-
ing that, if a novel word only varies from English in the 
way it is pronounced, but it still contains legal sounds 
and legal sound combinations, then it can be a poten-
tial label for an object. This flexibility is useful because 
infants and adults may frequently encounter accented 
speech in their language environments, and they must 
be able to accommodate such variability. 

Minimal	Pair	Learning
While experience with the native language constrains 
the possible word forms that infants are willing to 
map to objects, honing in on the individual sounds in 
the language does not always appear to facilitate early 
word–object mappings. Indeed, when 14-month-old 
infants are presented with two novel labels that differ 
in only one sound (i.e., minimal pairs), such as bin 
and din, they have difficulty recognizing a mismatch 
in the word–object pairing during the test. This is 
surprising because infants of this same age have no 
problem discriminating /b/ and /d/. One possible 
explanation is that the challenges of word learning are 
enhanced when the words to be learned are minimal 
pairs. This resource limitation hypothesis suggests 
that the requirements of learning and remembering 
a label, learning and remembering an object, learn-
ing and remembering the pairing, and then retrieving 
this information are particularly taxing on the system. 
Thus, when faced with very similar-sounding words, 
something has to give, which in this case is recogni-
tion of the mismatch in the pairing. Support for this 
hypothesis stems from the finding that 17-month-
olds, who are much more experienced word learn-
ers, have no difficulty mapping such minimal pairs to 
referents. Further support comes from studies with 
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modifications to the switch procedure that help to 
alleviate some of the task requirements. In these cases, 
if infants are presented with both objects during the 
test and hear a single label, they look at the correct 
object. If infants are presented with a small amount 
of support that helps to clarify the goal of the task, 
such as presenting the labels in a sentence context 
(e.g., Look at the bin!) or preexposing them to known 
word–object pairings (e.g., shoe with a picture of a 
shoe), they succeed at detecting the mismatch dur-
ing the test. The salience of the minimal contrast also 
influences whether or not infants will detect a mis-
match. If presented with forms that differ only in their 
stress pattern (e.g., BEdoka versus beDOka), infants at 
12 months detect a mismatch in the word–object pair-
ing. If the difficult contrast appears in a word-medial 
stressed syllable (e.g., leBOna versus leDOna) infants 
at 14 months succeed. If the contrast is a vowel (e.g., 
deet versus dit) infants at 15 months detect the mis-
match during the test. However, this is true only if the 
vowel contrast differs on the height dimension; if it 
differs in backness (e.g., deet versus doot) then infants 
do not succeed. Finally, if infants are presented with 
the minimal contrast in multiple contexts, then this 
further facilitates their ability to learn and retrieve the 
relevant information.

Together these findings demonstrate that infants 
are learning a great deal about sounds and shapes of 
words and that they can use this information to map 
new words to objects. However, there are constraints 
on their ability to learn very similar-sounding words. 
Indeed, it has been shown in an interactive object 
categorization task that even 20-month-old French-
learning infants confuse labels that minimally differ 
in their vowels but succeed in distinguishing labels 
that minimally differ in consonants, suggesting that 
the task and the type of contrasts that occur in the 
label influence early word learning.

Given the resources required to learn new word–
object pairings, minimal pairs prove to be taxing for 
the system. By easing task demands or by presenting 
more acoustically salient minimal pairs, infants can 
overcome these resource limitations and succeed. 
Moreover, by the time infants are 17 months old, they 
no longer have difficulty even with the less salient 
minimal pair contrasts—at least in a basic word–
object associative learning task. At this age, infants are 
no longer novice word learners, have a burgeoning 
lexicon, and are fully capable of learning a wide range 
of word–object pairings.

Word	Learning	With	Referential	Cues
As noted earlier, by 12 months, infants are establish-
ing preferences for particular word forms as object 
labels when tested in the switch task. A very differ-
ent picture appears when infants are presented with 
word learning tasks in rich, interactive settings. Here, 
infants appear to be highly flexible in the types of 
forms they will link to objects. Seminal research by 
Amanda Woodward, Laura Namy, and Sandra Wax-
man has demonstrated that young infants will accept 
a variety of forms as names for objects, including ges-
tures, nonlinguistic sounds (e.g., a whistle sound), or a 
pictogram. This apparent openness, however, changes 
with development. By the midpoint of the second 
year of life, infants will no longer accept nonlinguistic 
sounds as object labels, and by their second birthday, 
they will no longer accept gestures as object labels.

This apparent incongruity between infants’ broad 
acceptance of different forms as labels in interactive 
settings and their clear preferences for well-formed 
words in noninteractive tasks like the switch task 
highlights the critical role that social-referential cues 
can play in word learning. In the interactive tasks, the 
experimenter uses referential cues such as pointing 
and eye gaze to highlight his or her intention to use 
a nonlinguistic symbol as an object name. Here, the 
power of these social-referential cues may lead infants 
to disregard their preferences for particular word 
forms when establishing word–object mappings. In 
support of this notion, when infants are provided 
with minimal referential cues in the switch task (i.e., 
by preexposing them to known word–object pair-
ings), infants’ acceptance of particular word forms 
becomes somewhat more flexible. With these cues, 
infants will accept well-formed words that violate 
the phonotactics of their native language as labels for 
objects. Indeed, infants of 14, but not 20, months will 
even accept a word containing a nonnative speech 
sound as a possible label when provided with a refer-
ential training phase. Infants will not, however, accept 
poor forms (e.g., isolated phonemes or function-like 
words). This suggests that, while there is some flexi-
bility to the system, it only extends to word forms that 
minimally conform to the shape of noun-like words.

Infants are sophisticated in their knowledge of 
appropriate forms for labels early in their develop-
ment. This knowledge helps to constrain their map-
pings while leaving a certain amount of flexibility 
available in order to deal with atypical pronuncia-
tions. Infants are also flexible in their mappings when 
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provided with additional referential support, dem-
onstrating the power of social cues in influencing 
infants’ word learning. This early associative learning 
provides the necessary support for a wider range of 
word-to-world mappings and for fuller referential 
understanding to develop.

Suzanne Curtin
Susan Graham

University of Calgary
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Effects	of	Head	Start		
Early	Intervention	on	
Language	Development
Head Start is a federally funded program that began in 
1965 under the administration of President Lyndon B. 
Johnson. The purpose of the program was to address 
the health, nutritional, cognitive, linguistic, and emo-
tional needs of children from low-income communities 

in order to provide them the foundation they would 
need to later succeed academically in school as well as 
when they entered into adulthood. Since its inception, 
Head Start has focused on the needs of children and 
their families. Today, Head Start serves approximately 
848,000 preschool children between the ages of 3 and 
4. Early Head Start serves 112,025 young children from 
birth to 3 years of age. Head Start and Early Head Start 
programs serve children and families in rural and 
urban communities across the 50 states as well as in the 
District of Columbia, Puerto Rico, and the U.S. terri-
tories, including American Indian, Alaskan Native, and 
migrant and seasonal communities.

Since 1965, Head Start has been reauthorized sev-
eral times, always with the goal of improving the qual-
ity of the program in order to prepare young children 
from low-income communities for school. In 2007, 
Head Start was reauthorized under President George 
W. Bush with the major goal of addressing school 
readiness of all children from birth to 5 years of age. 
According to the Office of Head Start, being school 
ready implies that children develop appropriate skills 
across the following domains: language and literacy, 
socioemotional development, approaches to learning, 
cognition and general knowledge, and physical well-
being and motor development. Furthermore, school 
readiness implies that children’s families are prepared 
to actively participate in their learning and develop-
ment. Although all of the domains are critical for the 
preparation of young children for school, the focus of 
this entry will be on the role of Head Start and Early 
Head Start in supporting language development in 
children from low-income communities. 

In 2010, in its effort to support the successful 
growth and development of children and families and 
the work of programs, the Office of Head Start part-
nered with universities and other agencies to establish 
six national centers that provide information about 
best practices in early childhood education as well 
as a number of resources. Three of the centers that 
directly provide information that supports language 
and literacy development in children attending Head 
Start and Early Head Start programs are: (1) the Early 
Head Start National Resource Center; (2) the National 
Center on Cultural and Linguistic Responsiveness; 
and (3) the National Center on Parent, Family, and 
Community Engagement. 

The Early Head Start National Resource Center 
provides information about best practices for working 
with infants and toddlers and their parents to address 
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early school readiness goals, particularly receptive 
and expressive language, communication and conver-
sation, and storybook reading. The National Center 
on Cultural and Linguistic Responsiveness provides 
resources that outline strategies for working with 
dual-language learners attending Early Head Start 
and Head Start programs. Finally, the National Cen-
ter on Parent, Family, and Community Engagement 
provides information and resources to help parents 
successfully engage in positive parent–child relation-
ships that support early literacy and language learning 
from birth through the preschool years.

The	Home	Environment	and	Early	Language		
and	Literacy	Development
Access to enriched home environments plays a critical 
role in early language learning. Previous research has 
shown that exposure to early language provides the 
foundation for future literacy and academic success. 
Moreover, it has been demonstrated that maternal 
education is also related to early language and literary 
development. For example, Betty Hart and Todd Ris-
ley found that children from low-income families were 
exposed to less enriched language environments in the 
home than their middle-income peers, which led to 
them having fewer vocabulary words upon entering 
kindergarten. More recently, Catherine Snow and her 
colleagues have also observed that children from low-
income communities often have vocabularies that are 
smaller than their middle-class peers and that second-
language learners often have smaller vocabularies than 
children growing up with one language; both are situ-
ations that can lead to poor academic outcomes. Fur-
thermore, Snow and her colleagues have argued that 
lack of exposure to complex and extended discourse in 
the homes of children from low-income families often 
leads to a mismatch between the home and school 
environments, with low-income children frequently 
experiencing limited school success. 

Head	Start	and	Early	Head	Start	Interventions
Findings from the Early Head Start Research and 
Evaluation Project of 2006 demonstrated that chil-
dren attending Early Head Start programs performed 
significantly better at 36 months on the Peabody Pic-
ture Vocabulary Test, a measure of receptive vocabu-
lary, than their peers who did not attend the program. 
In addition, the project reported that children with 
mothers who read to them daily had larger vocabular-
ies than those children who did not, and children who 

had mothers who began reading to them at 14 months 
had larger vocabularies at 3 years of age than children 
whose mothers began reading to them at 24 months. 
The project also reported that children with fathers 
who read to them at 24 months had better cognitive 
and linguistic skills than children whose fathers did 
not read to them. In addition, children from Spanish-
speaking homes where the mother used more interac-
tive and complex discourse had children with more 
advanced language skills. Furthermore, the project 
demonstrated that both mothers and preschool chil-
dren benefited from engaging in storybook reading 
daily, even when mothers had low verbal skills. 

Preparing	Children	to	Succeed	in	School
Based on the outcomes from the Early Head Start 
Research Evaluation Project and other recent Head 
Start studies, several practices have been identified 
that can help support the language development of 
young children. At the program level, it is important 
that Head Start staff provide reading opportunities 
for all children from birth to age 5 in all settings. This 
recommendation supports the language and literacy 
goals provided by the Office of Head Start to lay a 
foundation for school readiness. Program staff should 
work with parents to support them in their efforts to 
read to their children in the home environment and 
in providing a literacy-rich environment. Moreover, 
Head Start programs can provide materials in the lan-
guage of the child and families within the program as 
well as help families find materials in their local com-
munities. Head Start programs can also work with 
fathers to encourage them to read to their children 
more frequently. This will not only promote greater 
language development, but will also facilitate bonding 
between fathers and their children. 

Families should also be supported in maintaining 
their cultural traditions while using them to inter-
act with their children through storytelling, sing-
ing, and other means to encourage language use. In 
short, whether in center-based care, family child care 
arrangements, or in the child’s own home, Head Start 
program staff should work with children and fami-
lies in culturally sensitive ways, to support them in 
providing a linguistically rich environment that will 
prepare their children to succeed in school and ulti-
mately in life.

Roseanne L. Flores
Hunter College, City University of New York
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Effects	of	Schooling	on	
Language	Development
People’s lives are conducted in spoken language—lis-
tening and speaking. Human beings constantly con-
verse, negotiate, discuss, and debate the issues and 
decisions of their lives; the ability to speak and listen 
effectively often makes the critical difference between 
success and failure. Speaking and listening together 
constitute the oral language arts. Lev Vygotsky in 1978 
wrote that language is a primary mediator of learn-
ing that has both intellectual and social significance. 

Fundamental understanding related to literacy is that 
listening and speaking serve as the foundation for stu-
dents’ reading and writing abilities. Students develop 
their knowledge primarily through language. Yet for 
the most part, instruction often fails to recognize that 
students come to their classrooms with varied language 
backgrounds. Landmark research of preschool children 
conducted by G. Hart and T. Risley in 1995, and fol-
lowed up with a second study in 2002, showed that chil-
dren from professional families experience 42 million 
words compared to 26 million words for working-class 
families and only 13 million words for welfare families.

School language throughout the elementary grades 
and high school is basically teacher dominated. The 
predominant voice in the classroom is that of the 
teacher, and students are expected to spend most of 
their time listening to teachers talk. Classroom talk 
appears to be a series of scripts in which teachers 
assign and assesses student learning. Teachers usu-
ally interact with students as a whole group; alterna-
tively, students may work in small groups, engaged in 
assignments that they complete on their own. 

There are differences between school language and 
the language spoken in the home environment. Addi-
tionally, contact and communication with adults typi-
cally is less individually oriented in the classroom than 
in the home. This has a significant effect on children in 
the early years. For example, Gordon Wells noted that 
many children have difficulty in school because of the 
differences between their home and school environ-
ments. Compared with the home setting, children in 
school settings initiate fewer interactions, play a much 
more passive role in conversations, and ask fewer ques-
tions. Given the considerable diversity of children’s 
early oral language skills upon school entrance and dif-
ferences between communication practices in schools 
and homes, there is a need for teachers to find ways to 
infuse language into the curricula with dialogue and 
instructional conversations.

The Center for Research on Education, Diversity, 
and Excellence (CREDE) describes five standards for 
effective pedagogy that can be useful to help teach-
ers attend to the purpose and power of language in 
the classroom. Teachers and researchers developed 
these standards for at-risk children, but the authors 
state that the standards can be applied to both major-
ity and minority students in classrooms across subject 
matters, curricula, cultures, and language groups.

Two of the CREDE standards are especially rel-
evant to language skills: The second CREDE standard, 
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Language Development, discusses the use of language 
and literacy across the curriculum in language genres 
such as science, mathematics, history, art, and litera-
ture. It specifically states teachers need to encourage 
students to use content vocabulary and listen to stu-
dents talk about familiar topics, such as their home 
and community. The fifth CREDE standard, Instruc-
tional Conversation, offers insights into the think-
ing behind dialogue, questioning, and sharing ideas. 
Instructional conversations include some of the fol-
lowing characteristics: (1) Classroom arrangement 
accommodates conversation between the teacher and 
students; (2) there is a clear academic goal that guides 
conversations with students; (3) student talk occurs at 
a higher rate than teacher talk; (4) the teacher guides 
conversation to include student’s views, judgments, 
and rationales using text evidence; and (5) the teacher 
listens carefully to assess levels of students’ understand-
ing. At the heart of instructional conversations is the 
idea that learning is social. According to M. M. Bakhtin, 
language always involves interactions between speakers 
and listeners, both in spoken and written forms.

If language development in classrooms is social 
and interactive, strategies that target social commu-
nication will affect students’ ability to learn the func-
tions of language, the structure and different forms 
of spoken discourse, and the social rules that govern 
how language is used in different contexts. One strat-
egy is to have students work in small groups, or pair 
students with partners and have them explain some-
thing to each other. Paired reading and talking events 
provide opportunities for children to take control of 
the learning process by creating contexts for peer dia-
logue outside of adult control and constraint.

Another consideration for language development 
in classrooms is to promote students’ critical thinking. 
Questions that promote students’ thinking require 
them to think beyond one-word responses to make 
connections, compare points of view, and hypothesize 
about future outcomes. For example, Peter Johnston 
provides examples of questions that help teachers to 
prompt students to seek information or investigate 
matters for which they do not know the answers. 
Johnston points out that a student will process infor-
mation and problem solve when asked how questions: 
“How did you do that?” “How did you know that?” 
There is strong evidence that teacher language has an 
effect on student learning: If teachers want to create 
students who can take charge of their own learning, 
the use of open-ended questions can demonstrate the 

purposes and processes of inquiry and higher-order 
thinking skills.

Teaching oral language effectively may mean the 
difference between success and failure in school and 
life, especially for those at risk due to poverty. It is 
important for schools to invest more time in planning 
and providing rich and focused oral language devel-
opment in the classroom.

 
Lynn E. Cohen

Long Island University
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Electrophysiology	Methods	
in	Language	Development
A considerable amount of knowledge regarding child 
language development has been gained simply by 
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recording children’s productions of and responses to 
speech sounds, words, and utterances. However, there 
are limits to what knowledge can be gained from 
observations of behavior. First, it is notoriously dif-
ficult to evaluate knowledge and processing of lan-
guage in very young children because it is difficult to 
instruct a child with limited language skills to carry 
out a desired task or the child may be noncompliant. 
In addition, limitations in development of other sys-
tems (e.g., motor development) may interfere with 
obtaining a full picture of a child’s linguistic abilities.

Electrophysiological methods can help to over-
come or sidestep some of the challenges of research 
with child populations. The goals of this entry are to 
describe the application of these methods to research 
on child language development and to review the 
major findings to date. This entry focuses primarily 

on studies of spoken language and does not include 
studies of the process of learning to read. The first part 
of this entry provides an overview of electrophysi-
ological methods and describes the key measures that 
have been used to study language development. The 
second part provides a review of findings from the 
first few studies that were undertaken in the 1980s to 
current directions. Future directions for research will 
also be suggested.

In electrophysiological methods of speech and lan-
guage processing, the electroencephalogram (EEG) is 
recorded from scalp electrodes, generally from multi-
ple sites, while a participant listens to or watches some 
stimulus or event or produces some motor response. 
The EEG is primarily the summation of excitatory 
and inhibitory postsynaptic potentials (EPSPs, 
IPSPs). These EPSPs and IPSPs are the result of tens 

 

 

 

 

 

 

Figure 1. Top left. Infant participant wearing a 63 channel Geodesic electrode net Top 

right. The EEG recording from five channels, which is from five electrode sites. Bottom 

left.  An average of time-locked portions of the EEG for each of the 63 channels, in this 

case, for over 600 trials per participants, and averaged across 90 children between three 

months and forty seven months of age.  Bottom right.  Topography map of the Mismatch 

Negativity (MMN) amplitude shown at the peak of the negativity. MMN is derived from 

the averaged ERPs to a deviant (infrequent) stimulus minus the averaged ERPs to the 

standard (frequent) stimulus 

Figure	1 Infant participant wearing a geodesic electrode net

Top left: Infant wearing a 63-channel geodesic electrode net. Top right: The EEG recording from five channels, which is from five 
electrode sites. Bottom left: An average of time-locked portions of the EEG for each of the 63 channels, in this case, for over 600 
trials per participants, and averaged across 90 children between 3 months and 47 months of age. Bottom right: Topography map of 
the mismatch negativity (MMN) amplitude shown at the peak of the negativity. MMN is derived from the averaged ERPs to a deviant 
(infrequent) stimulus minus the averaged ERPs to the standard (frequent) stimulus.
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of thousands of neuronal action potentials (which are 
not directly measured) leading to changes in the extra-
cellular potential, postsynaptic firing. Many processes 
are occurring at any given moment. Thus, to isolate 
the neural response to an event of interest, the EEG is 
time locked to the event (i.e., a marker is placed on the 
EEG recording), resulting in event-related potentials 
(ERPs). In the most common method, multiple tri-
als of the same stimulus or event type are presented, 
and these trials are averaged together. This averaging 
process reduces noise (which is random) and allows 
one to observe fine-grained temporal indices of pro-
cessing specifically related to the stimulus (which is 
not random, thereby increasing signal-to-noise ratio).  
Figure 1 displays stages of this procedure. The EEG 
(top right showing five channels) is obtained from a 
participant wearing a geodesic electrode net (top left) 
with each electrode site recorded in one channel. The 
time-locked portions of the EEG are averaged (bot-
tom left), resulting in a waveform for each of the EEG 
channels (in this case, 63 channels). 

The ERP consists of a time series that has a char-
acteristic time course and topography to specific 
events. For example, the ERP pattern observed to 
a simple auditory tone or speech sound (e.g., the 
vowel [e]) is a positive–negative–positive sequence of 
peaks at approximately 50 milliseconds (ms), 100 ms, 
and 200ms in adults measured at frontocentral sites 
(using an average reference). This sequence of peaks 
is inverted in polarity (thus, negative–positive–nega-
tive) at the inferior–posterior sites (e.g., mastoid bone 
behind the ears). More complex speech sounds will 
result in overlapping of responses to the changes in 
acoustics, and these will be seen as shifts in the laten-
cies and amplitudes of the peaks to the sound onset. 
These patterns found in response to the acoustics of 
a sound are called obligatory components (or exoge-
nous) and can reveal the nature of stimulus processing 
in primary and secondary sensory brain regions (e.g., 
auditory cortex). Obligatory components that index 
visual processing show a different time course and 
topography than those that index auditory processing.

ERPs can also index cognitive processes applied 
to an event of interest. These cognitive-related ERPs 
(called endogenous) are often observed later in time 
but can modulate the obligatory components. For 
example, attention to a stimulus will lead to a nega-
tive shift in the waveform around 100 ms. ERP indices 
of linguistic processing generally fall into this endog-
enous class.

ERP	Indices	of	Language	Processing
Common ERP components that are used to examine 
language-specific processing include the mismatch 
negativity (MMN), anterior negativity (AN), N400, and 
P600. MMN is elicited at frontocentral sites to an infre-
quent stimulus change in a series of repeating events 
and is useful for examining phonological processing. 
The N400 is an increased negativity at posterior–supe-
rior sites about 400 ms after the onset of an unexpected 
lexical form compared to an expected form. Expecta-
tion is determined by a prime word (e.g., prime: dog; 
target: bone or table) or sentence (e.g., prime: I take my 
tea with milk and . . . ; target: sugar or bone). The P600 
is a late posterior positivity (around 600 ms) to a word 
form that is not the expected morphosyntactic form. 
For example, the ungrammatical agreement in the dogs 
barks will elicit a P600 compared to the grammatical the 
dog barks. The AN is a negativity over bilateral anterior 
lateral sites and also elicited to ungrammatical forms. 
The timing of AN is dependent on the phonological 
properties of the violation. Specifically, ungrammati-
cal function words or inflectional morphemes in Eng-
lish result in an early left AN because the phonological 
patterns of these forms are distinctive. Local errors of 
structure (e.g., word order violations, such as the on 
table) will result in early AN (peaking between 100 and 
200 ms). AN will occur later in time for violations that 
take longer to detect. For example, detecting the error 
in this is a sand requires accessing the lexical entry for 
sand to determine that it is a mass noun and requires 
quantification using some rather than a. 

Only a handful of studies made use of ERPs to 
study language development before 1990, and most 
of these focused on the question of whether the left 
hemisphere was predisposed for language from birth 
(for example, studies by David and Janet Shucard and 
Dennis Molfese). In the early 1990s, Debra Mills began 
a series of studies examining neural correlates of lexi-
cal development in infants, and Helen Neville and 
Philip Holcomb undertook the first studies in children 
examining neural correlates of semantic and syntac-
tic processing at the sentence level. It is likely that few 
researchers at this time chose to use ERPs to study lan-
guage development because it was more challenging to 
test children than adults and the study of neural corre-
lates of adult language processing was the major focus.

Phonological	Processing
The past decade has resulted in a considerable increase 
in the number of ERP studies of child language. The 



192 Electrophysiology Methods in Language Development

majority of these studies have used a method designed 
to elicit MMN, probably because this method does 
not require young children to attend. Marie Cheour, 
in 1995, reported an MMN-like response to vowel 
contrasts in newborn infants. However, at the same 
time Ghislaine Dehaene-Lambertz found a positive 
mismatch response (pMMR) in 3-month old infants 
to a [ba] versus [da] contrast. Subsequent studies 
from Valerie Shafer’s laboratory, as well as other labs, 
indicate the pMMR is more commonly observed than 
the MMN to speech contrasts until about 4 years of 
age. These studies suggest that the MMN is observed 
in young children only to highly salient contrasts 
(large acoustic differences). The pMMR probably 
reflects novel afferent input (to different acoustic 
information) and resolution of the acoustic differ-
ence between a frequent (standard) and rare (deviant) 
stimulus. With increasing age, the pMMR declines 
in amplitude, shifts earlier in time, and is generally 
absent by 7 years of age. These changes may partially 
be due to the increase in amplitude of the MMN with 
increasing age.

MMN can be elicited without attention and thus 
can reflect pre-attentive, automatic discrimination. 
However, attention to a contrast allows for increased 
resolution. Karen Garrido-Nag has demonstrated 
that shifting attention to a speech contrast (bip ver-
sus bep) led to MMN rather than pMMR in 4- to 
8-month-old infants. Patricia Kuhl and colleagues 
have observed that infants who had relatively more 
negative MMRs to native than nonnative speech con-
trasts showed better language abilities at older ages. 
In a series of studies, Valerie Shafer and colleagues 
found that many bilingual Spanish–English-exposed, 
female 6-month-olds showed negative MMRs rather 
than positive MMRs (found for monolinguals and 
males) to an English speech contrast /I/ versus /e/. 
Furthermore, the infants who showed evidence of 
more attention to the speech sounds also exhibited 
more negative MMRs. By 4 years of age, the MMN 
was robustly present in monolingual children. Taken 
together, these findings suggest that a more negative 
MMR to a relevant speech contrast at a young age 
indicates increased attention to the contrast or bet-
ter resolution of the information in the contrast. The 
variable presence of MMN to this contrast in children 
under 4 years of age suggests immaturity of phono-
logical processing until past this age.

Despite robust MMNs in children older than 4 years 
of age, the latency of MMN is typically later than that 

elicited in adults. The later latency indicates slower 
processing. With increasing age, the latency of MMN 
shifts earlier in time. Maija Peltola and colleagues have 
used the MMN measure to show that experience with 
a second language (L2) contrasts leads to more robust 
discrimination of these contrasts in children between 
5 and 7 years of age. Other researchers have found that 
MMN is smaller or absent to native-language speech 
contrasts (e.g., da versus ga or I versus e) in children 
with language or learning impairments.

These studies provide a clear demonstration that 
the MMN component can provide important infor-
mation regarding phonological development. Further 
research with a variety of speech contrasts is needed 
to provide a complete picture of phonological devel-
opment at a neural level.

Lexical	Processing
Helen Neville and Philip Holcomb undertook the 
first developmental studies of lexical processing and 
showed an N400 effect to anomalous sentence com-
pletions (written and spoken) in grade-school chil-
dren. This and subsequent studies have shown that 
the N400 is later in latency and larger in amplitude 
than found for adults. Manuela Friedrich, in several 
studies, has observed an N400-like response during 
the second year of life in a design in which a label is 
presented in conjunction with a picture and which 
matches (e.g., picture: cat; word: cat) or mismatches 
with the picture (e.g., picture: cat; word: table). This 
infant N400 is later in latency and shows a broader 
scalp distribution than found for adults. A study by 
Valerie Shafer, April Benasich, and colleagues, which 
has used a similar passive design (requiring no behav-
ioral response), shows a clear N400 effect that moves 
earlier in latency with increasing age from 3 years 
of age to adulthood. In addition, the N400 effect 
becomes more focal with increasing age, showing 
a broad central distribution in young children that 
becomes smaller in amplitude and focused over supe-
rior–parietal sites in teenagers and adults. 

In the research from Debra Mills’s laboratory, ERPs 
were time locked to words that vary in familiarity or 
phonological properties to examine the development 
of lexical processing in infants and toddlers. These 
studies suggest increasing precision of processing 
(seen as more focal ERP responses) with increas-
ing age and with increased number of known lexi-
cal items. Clinical studies reveal that the N400 mea-
sure has potential for assessing lexical knowledge in 
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disorders, such as autism, cerebral palsy, and specific 
language impairment.

These ERP studies of lexical processing indicate 
that the neural substrate supporting lexical access and 
integration of lexical words into the prior context is 
similar to that engaged by adults. However, the more 
widespread topography in young children suggests 
larger and possibly additional neural populations 
activated in lexical access. This more extensive neural 
engagement may indicate greater cognitive effort and 
less efficiency in lexical access for younger children. 
This pattern is consistent with studies of the develop-
ment of executive functions (e.g., working memory, 
cognitive control, and inhibition). With increasing 
age, lexical access becomes more efficient (smaller 
and more focal N400) and faster (resulting in earlier 
latencies). Future studies should focus on more fine-
grained patterns of lexical semantic (e.g., semantic 
categories) and lexical phonological development.

Syntactical	Processing
Only a few studies have examined ERP correlates of 
morphosyntactic development. Studies of children 
older than 7 years of age, including one from our 
laboratory, reveal AN responses to some ungrammati-
cal patterns that are similar to those found in adults. 
However, the latency of these responses is later, and the 
topography differs in children compared to adults. AN 
may show different hemispheric involvement in chil-
dren compared to adults. Evidence for AN in children 
younger than 7 years of age is inconsistent, with some 
studies observing increased positivity rather than neg-
ativity at lateral sites to grammatical errors in children 
under 7 years of age. Research from Angela Friederici’s 
laboratory suggests that, by 13 years of age, the AN is 
comparable to that observed in adults.

The posterior P600 is robustly present in response 
to grammatical violations in simple sentences in chil-
dren as young as 3 years of age, but occurs at later 
latencies. One study from Friederici’s lab suggests 
that the P600 may be present as early as 2½ years of 
age to phrase structure violations, and another study 
shows a late positivity in 4-month-olds to a gram-
matical pattern (structural dependency) that was a 
violation of the pattern that they had been exposed to 
previously. Specifically, in a learning phase, German 
infants listened to sequences of sta x ando and puo 
x are, where x could be one of 32 different stems. In 
the test phase, half of the sequences consisted of the 
opposite pattern, sta x are and puo x ando, to which 

they had not been exposed and thus were “ungram-
matical.” Thus, increased positivity to ungrammatical 
patterns is present across all age groups that have been 
tested; however, these studies also show that younger 
children have a different distribution of this positivity.

In sum, studies of sentence processing reveal that 
ERPs can provide insight on the time course of mor-
phosyntactic development. In particular, they suggest 
that the earlier, more automatic detections of gram-
matical violations (indexed by AN) are not consis-
tently made until after 7 years of age.

Future investigations will be necessary to examine 
a wider variety of grammatical structures and other 
aspects of sentence processing, such as use of prosodic 
information, as in a few studies by Claudia Männel 
and Angela Friederici. In addition, it will be crucial 
to clarify whether absence of AN to ungrammati-
cal patterns in very young children is a function of 
knowledge of a particular grammatical pattern, pro-
cessing limitations, or absence of the mechanism used 
by adults. In particular, a recent study from Ghislaene 
Dehaene-Lambert’s group suggests that AN can be 
elicited to very simple violations (expectation of a 
verb for a noun or vice versa) and supports a sugges-
tion that failure to see AN in young children is related 
to linguistic complexity rather than absence of the 
mechanism until grade-school age. In addition, it will 
be necessary to relate the positivity to the underlying 
neural sources to further understand the develop-
ment of morphosyntactic processing.

Few studies have attempted to examine the devel-
opment of processing of connected speech for units 
larger than the sentence. In a study examining pro-
cessing of auditory stories, Valerie Shafer, Richard 
Schwartz, and Diane Kurtzberg observed bilateral 
anterior–temporal positivities in grade-school chil-
dren and adults, which extended from 400 to 1000 
ms, time-locked to sentence onsets. The positivity was 
attenuated over left-hemisphere sites and enhanced 
over right-hemisphere sites in children with primary 
(i.e., specific) language impairment. These patterns 
were hypothesized to index structure building in the 
left hemisphere and discourse processes in the right 
hemisphere. Other studies have used a tone-probe 
method to examine allocation of attention to stories 
in infants or children. The studies by David and Janet 
Shucard and Valerie Shafer have shown differences 
in hemispheric engagement in processing language 
and music in infants and have examined the devel-
opment of sensitivity to the phonological patterns of 
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an infant’s language. Several recent studies by Helen 
Neville and colleagues have used tone and speech 
probes to show that children with language impair-
ment have reduced attentional resources for process-
ing stories.

Future studies of should focus on understanding 
how infants segment connected speech and process 
speech at the syllabic and segmental levels, and fur-
ther explore processing of speech in more complex 
discourse.

In summary, we have described the principal elec-
trophysiology methods used for studying child lan-
guage and have presented a brief review of major 
findings. The number of studies using ERPs to exam-
ine child language development is slowly but steadily 
increasing. Methods for analyzing ERP multichannel 
data are also being developed that will allow for more 
precise characterizations of ERP correlates and more 
confidence in findings. Another important develop-
ment will be to combine ERPs with other methods 
that show better localization. For example, Near Infra-
red Spectroscopy (NIRS) provides better localization 
than ERPs and is relatively inexpensive and easy to use 
with young children. However, the ERP method will 
remain an important tool for the study of child lan-
guage because it is tolerant to the difficulties encoun-
tered in studying children. 

Valerie L. Shafer
The Graduate Center, City University of New York
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Emergentist	Coalition	
Model	of	Word	Learning
One of the most difficult challenges that infants face is 
word learning. By the end of their second year of life, 
they move from knowing no words to being expert 
word learners. Several theories (e.g., the Constraints–
Principles theory, the Social–Pragmatics theory, and 
the Associationistic view) have been proposed, each 
emphasizing a single factor. Even though these theo-
ries successfully explain different parts of word learn-
ing, they do not independently account for the entire 
word learning process. G. J. Hollich and colleagues 
posited the Emergentist Coalition Model (ECM), 
which offers a system-based, developmental model 
that borrows the strengths from each of the theories, 
weaving them together into an empirically testable 
model of word learning. 

The ECM takes into account both the developmen-
tal nature of language acquisition and the diverse and 
complex factors that impact word learning. It portrays 
infants’ word learning as the emergent product of 
these different factors. The ECM is founded on three 
principles for guiding children’s hypotheses about 
what a word might mean (1) children are sensitive to 
multiple cues in the input, (2) children differentially 
weigh certain cues over others in the course of word 
learning, and (3) the principles of word learning are 
emergent as each principle changes from an imma-
ture to a mature state. After describing these prin-
ciples with empirical evidence, some of the implica-
tions of ECM will be discussed.

Principle	1:	Children	Are	Sensitive	to	Multiple	
Cues	for	Word	Learning
The various cues for word learning are available 
in infants’ environments even if they may not take 
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advantage of all of them. The cues are broadly divided 
into three types: perceptual, social, and linguistic cues.

First, perceptual cues narrow down the available 
referents that might be the recipient of a label. By 10 
months, infants assume that a label offered by a speaker 
maps to the object in the environment that they find 
most salient. In early word learning, perceptual cues 
include novelty and movement. Infants are drawn to 
perceptually salient objects over objects they consider 
boring. In addition, when learning to associate word 
forms with objects at 7 months, infants begin by using 
temporal synchrony, the synchronized presentation of 
a spoken word and an object. Attending to these per-
ceptual cues may be crucial at the start of word learn-
ing for infants to recognize the links between words 
and their referents. The associationist view argues that 
mapping a word onto an object is a process of children 
linking the most frequently heard label with the most 
interesting exemplar. According to this view, infants 
implicitly calculate the likelihood that a label refers to 
a particular exemplar. By using this strategy, the most 
likely label–referent mapping arises, and children 
learn that pairing. Research in the ECM framework 
has shown that, even though the associative process 
continues to be used, children gradually shift from the 
dominant use of perceptual cues to using social cues to 
discern what a speaker is labeling.

Second, children are sensitive to social cues in word 
learning. Infants are likely to recruit social cues from 
the adults in their environment later in development 
than perceptual cues. The most common social cues 
include eye gaze, pointing, object holding, and manip-
ulation. Infants as young as 6 months can follow the 
direction of an adult’s eye gaze; by 19 months, infants 
use an adult’s eye gaze to infer which of two objects the 
adult intends to name. Pointing is another social cue 
that infants use. Infants can follow a speaker’s point to 
an object by 12 months and point themselves toward 
objects, actions, or events by 12 to 14 months. Ten-
month-olds check adults’ eye gaze after they point to 
an object, possibly to ensure that the adult is following 
their interest. By 17 months, infants make a connec-
tion between their own or others’ pointing and label-
ing. Although infants are sensitive to social cues early 
in life, it is not until their second year that they start to 
harness social information for word learning.

Social-pragmatic views of word learning argue that 
social cues are of paramount importance in word 
learning. The most important factor that influences 
and motivates infants to understand a novel word 

is their need and desire to communicate with oth-
ers. Adults provide linguistic information about the 
objects, actions, and events that children focus on, 
and this enables children to learn words. However, 
there is some slippage on both sides in this process. 
Other research suggests that adults are not always 
accurate in guessing the child’s intent: Which object is 
the child requesting a name for? Children make errors 
too; they do not always correctly note which objects 
or object parts are being named by adults.

The last group of available cues for infants’ word 
learning is the language itself. Linguistic cues can be 
further divided into segmentation and grammatical 
cues. Segmentation cues refers to how infants must 
break the speech stream into smaller units, thereby 
demarcating syllable and then word boundaries. 
Research by K. Graf-Estes and colleagues suggests that 
by at least 17 months, infants can link a word resulting 
from the segmentation process to meaning. Further-
more, toward the end of the first year of life, infants 
are capable of segmenting speech into syllables using 
prosodic and statistical cues.

Infants take advantage of the prosodic features 
(e.g., rhythm, stress, intonation) of their language for 
segmentation. Even by 9 months (but not 6 months), 
infants prefer to listen to words that have the stress 
pattern of their language. For example, infants from 
English-speaking households prefer to listen to words 
that have a strong–weak stress pattern (e.g., TAble) 
rather than words with a weak–strong stress pattern 
(e.g., guiTAR). Given that 90 percent of English poly-
syllabic content words have this strong–weak stress 
pattern, infants appear to use this information to 
infer that a strong syllable signals the beginning of a 
new word. Although relying solely on stress patterns 
for speech segmentation leads to some inaccurate 
segmentations initially, by 11 months, infants develop 
the ability to use other types of cues (e.g., allophones) 
along with stress cues to facilitate segmenting words 
even with weak–strong patterns.

Infant-directed speech (IDS), characterized by 
exaggerated intonation and pitch, may provide other 
prosodic cues for segmentation. Research by W. Ma 
and colleagues suggests that infants not only recognize 
familiar words better but also learn new words more 
readily at 21 months from IDS relative to less exag-
gerated, adult-directed speech (ADS). In addition, 
prosodic cues in IDS may provide infants with infor-
mation about sentence structure. Infants as young 
as 6 months of age preferred to listen to sentences 
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in IDS that included one-second pauses at clausal 
boundaries rather than pauses within clauses. Infants 
showed no difference when the stimuli were offered 
in ADS. Thus, infants may use the prosodic cues of 
IDS to begin identifying the grammatical constituents 
of their language. Infants can also take advantage of 
statistical cues such as transitional probabilities for 
speech segmentation. In a classic experiment, J. R. 
Saffran and colleagues discovered that 8-month-olds 
could compute transitional probabilities to determine 
which syllables tended to follow one another. Exposed 
to a two-minute stream of nonsense syllables, infants 
could distinguish between three syllables that reliably 
co-occurred versus three syllables that did not. These 
prosodic and statistical cues provide infants with 
tools to segment speech into word-like units, prepar-
ing them to map meanings onto those units.

Finally, infants can take advantage of grammatical 
information of their language. K. Hirsh-Pasek and R. 
M. Golinkoff found that 16- to 18-month-old infants 
were already sensitive to the word order of five- and 
six-word sentences when their own utterances as few 
as two words in length. Moreover, children can use 
morphological endings and function words (e.g., the 
and a) to help them discern the meaning and part of 
speech of a novel word. C. H. Echols revealed that 
19-month-olds looked at an object when hearing the 
blick but looked at an action when hearing blicking. 
In addition, children can use the configuration of 
sentences to help them discern the lexical category of 
a novel word and even glean something of its mean-
ing. Research on syntactic bootstrapping shows that, 
toward the end of the second year of life, infants can 
recognize whether a novel word is likely a transitive or 
intransitive verb, depending on the number and posi-
tion of the nouns that appear with it.

In summary, infants gradually come to be able to 
use the perceptual, social, and linguistic cues that are 
available for word learning. However, while all these 
cues are available, they are not all accessible to infants 
through the first two years of life. 

Principle	2:	Children	Differentially	Weigh	Certain	
Cues	Over	Others	in	the	Course	of	Word	Learning
The Interactive Intermodal Preferential Looking Para-
digm allows researchers to pit the available perceptual, 
social, and linguistic cues against each other. A baby is 
seated on a parent’s lap and plays with two novel toys, 
one that interests him or her (e.g., a colorful clacker) 
and one boring toy (e.g., a beige plastic bottle cap 

opener). Then, during the labeling phase, the two novel 
toys are attached with Velcro to a rotating board. The 
experimenter then gets the child’s attention and looks 
back and forth between the child’s eyes and one of 
the toys while providing a novel label (e.g., Look at the 
modi!). Finally, at test, the experimenter ducks behind 
the board and asks the child where the modi is. It is 
expected that children will look more to the object that 
was named than to the object that was not named. Chil-
dren’s looking patterns are recorded and coded offline. 

S. M. Pruden and colleagues assigned 10-month-
olds to one of two conditions: coincident or conflict. 
In the coincident condition, the experimenter named 
and looked at the perceptually interesting novel object 
that coincided with what the infant liked. In the con-
flict condition, the adult looked at and named the 
boring object instead, resulting in a conflict between 
the perceptually attractive choice and social choice 
that the experimenter intended to name. Ten-month-
olds apparently weighted perceptual cues most and 
looked at the object they liked the best regardless of 
which object the adult labeled. That is, they learned 
the name for the interesting object even when the 
adult labeled and looked at the boring object!

G. J. Hollich and colleagues conducted a simi-
lar study with 12-, 19-, and 24-month-olds. Twelve-
month-olds continued to learn the name of the 
interesting object in the coincident condition. In the 
conflict condition, they no longer attached the newly 
heard label to the interesting object. This indicates 
that 12-month-olds may not yet be certain of the 
roles that the social cues play but start to show sen-
sitivity to them. By 19 months, children began using 
the social cues the adult offered to learn the name of 
both the interesting and the boring object—although 
perceptual attraction to the interesting object was still 
strong. By 24 months, infants relied on the social cues 
for word learning and easily learned the names for the 
boring and the interesting objects.

E. Hoff and L. Naigles found that, shortly after chil-
dren learn the importance of joint attention for word 
learning, the richness of the lexical input they receive 
becomes the primary indicator of how a child’s lan-
guage will develop. Two- to 4-year-olds showed that, 
when both social (e.g., adult eye gaze) and linguis-
tic cues were available, social cues won out for link-
ing a novel word to a novel object. Once children 
attend to and determine which cues are most reliable, 
the weight given to the different kinds of cues shifts 
from perceptual to social and eventually to linguistic. 
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Recent work has shown even younger children use 
linguistic cues. For 14-month-old children, the pres-
ence of a grammatical structure was necessary for 
their understanding of a speaker’s intention when 
encountering a novel action; that is, social cues alone 
were not enough for the children to imitate the action.

Principle	3:	The	Principles	of	Word	Learning	Are	
Emergent	as	Word	Learning	Changes	From	an	
Immature	to	a	Mature	State
This principle highlights progress along a contin-
uum and stresses that immature and mature learn-
ers approach the task of mapping words to referents 
in different ways. Immature learners are sensitive to 
the variety of cues in their environments, but they do 
not yet know which cues are reliable. Consequently, 
they approach the task from their own perspective, 
mapping the word to the object that they find inter-
esting, thereby relying on perceptual salience. Thus, 
immature learners require more support to learn 
words. Having perceptual, social, and linguistic cues 
coincide, and several opportunities to experience the 
name–object combination, increases the likelihood 
that immature learners will make a word-to-referent 
mapping. For these reasons, word learning is an ini-
tially slow process.

Over the course of development, infants learn that 
certain cues are more reliable than others. Only after 
they learn that social cues are most trustworthy for 
revealing a speaker’s intention do infants shift from 
their own perspective to that of the speaker. Around 
the same time, children begin to note the usefulness 
of linguistic cues in word learning. These infants have 
become mature learners undertaking the word-learn-
ing task in a different way. Only mature learners can 
take advantage of social and linguistic cues provided 
by others and require less support for making the link 
between a label and its referent, which results in more 
rapid word-referent mappings.

Implications	of	the	Emergentist	Coalition		
Model	for	Language	Disorders
The ECM can be used to help explain what individu-
als with various language disorders lack. A model 
that includes perceptual, linguistic, and social cues 
permits identification of which cues such individuals 
rely on at the expense of other cues. For example, the 
language issues observed in children who fall on the 
autistic spectrum can be captured within the ECM. 
Autism, a disorder characterized by the reduced use 

of social cues, provides an opportunity to test the 
ECM. Children with autism may rely relatively more 
on perceptual cues due to their lack of sensitivity to 
social cues (such as eye gaze) that reveal speakers’ 
intentions. Research has borne out this prediction. 
In a study involving children with autistic spectrum 
disorders and mental age and chronological age con-
trols, J. Parish and colleagues observed that 68 percent 
of the variance in vocabulary size was accounted for 
by children’s sensitivity to the intentions of others. 
Understanding atypical patterns of language devel-
opment in children with disorders may allow for the 
development of targeted interventions. 

The ECM captures the dynamic nature of word 
learning using three principles: (1) infants are sensi-
tive to multiple cues for learning words, (2) they weigh 
these cues differently over developmental time, and 
(3) infants evolve from immature to mature learners. 
While previously posited theories emphasize a single 
factor, the ECM welcomes researchers to view these 
factors as complementing each other, rather than 
competing with one another, to paint a more com-
plete portrait of language acquisition. Children must 
use perceptual, social, and linguistic cues to succeed in 
word learning, just as a chef must use many different 
ingredients to create a dish. Similar to cooking, the 
end result of word learning is greater than any of the 
individual components alone. 

Jennifer Chang Damonte
Megan Johanson

Roberta Michnick Golinkoff
University of Delaware

Kathy Hirsh-Pasek
Temple University

See	Also:	Associative Processes; Autism and Language 
Development; Child-Directed Speech (Features of); 
Dynamic Synchrony and Early Word Learning; Early Word 
Learning; Lexical Development; Metrical Segmentation; 
Multiple Cues in Language Acquisition; Preferential 
Looking/Head-Turn Preference Procedures; Social 
Foundations of Communicative Development; Syntactic 
Bootstrapping; Word Learning Constraints; Word 
Segmentation; Word-to-World Mapping. 

Further	Readings
Echols, C. H. “The Identification of Words and Their 

Meanings in the Transition Into Language.” Infant 
Behavior and Development, v.21 (1998).



198 Epistemic Markers

Golinkoff, R. M. and A. Alioto. “Infant-Directed Speech 
Facilitates Lexical Learning in Adults Hearing Chinese.” 
Journal of Child Language, v.22 (1995).

Golinkoff, R. M., et al. Becoming a Word Learner. New 
York: Oxford University Press, 2000.

Graf Estes, K., J. L. Evans, M. W. Alibali, and J. R. Saffran. 
“Can Infants Map Meaning to Newly Segmented 
Words?” Psychological Science, v.18 (2007).

Hirsh-Pasek, K. and R. M. Golinkoff. The Origins 
of Grammar: Evidence From Early Language 
Comprehension. Cambridge, MA: MIT Press, 1996.

Hollich, G. J., et al. “Breaking the Language Barrier: An 
Emergentist Coalition Model for the Origins of Word 
Learning.” Monographs of the Society for Research in 
Child Development, v.65/3 (2000).

Parish, J., E. Hennon, K. Hirsh-Pasek, R. M. Golinkoff, and 
H. Tager-Flusberg. “Children With Autism Illuminate 
the Role of Social Intention in Word Learning.” Child 
Development, v.78 (2007).

Pruden, S. M., K. Hirsh-Pasek, R. Golinkoff, and E. A. 
Hennon. “The Birth of Words: Ten-Month-Olds 
Learn Words Through Perceptual Salience.” Child 
Development, v.77 (2006).

Saffran, J. R., R. N. Aslin, and E. L. Newport. “Statistical 
Learning by 8-Month-Old Infants.” Science, v.274 
(1996).

Epistemic	Markers
Epistemic modality expresses the speaker’s assess-
ment about the truth of a proposition. The speaker 
may estimate that the event or state expressed in the 
main predicate is possible, probable, or certain, as in 
Example (1). Epistemic modality may include eviden-
tials, or expressions that specify the source of infor-
mation (e.g., hearsay or direct experience) as well as 
information status (e.g., new versus established or 
shared versus nonshared information). Using evi-
dential markers, the speaker can convey to the hearer 
varying degrees of certainty of the proposition. On 
the whole, epistemic modality expresses the speaker’s 
cognitive stance of an event as well as its informa-
tion status in a discourse context. Depending on the 
semantic and morphological nature of the markers 
in the target language, children begin to produce 
epistemic markers before or well after 2 years of age, 
but it takes several years to master them. Understand-
ing how young children acquire the epistemic system 

of their language gives us insight into how cognitive 
and linguistic factors interact in early language devel-
opment. 

(1) Epistemic modality: Mary may/should/must 
(possibility/probability/certainty) be home by now.

Epistemic modality contrasts with deontic modal-
ity, which expresses some condition on the agent (e.g., 
ability, permission, or obligation) with regard to the 
main predicate, as in Example (2).

(2) Deontic modality: Mary can/must (ability or 
permission/obligation) do the homework tonight. 

A variety of morphological classes can encode 
epistemic meanings, and languages may differ in their 
selection. Epistemic meanings may be expressed in 
full lexical forms (e.g., main verb, modal auxiliary 
verb, and adverb) or in bound morphemes (e.g., suf-
fix–particle, as in Korean in Example [3]).

(3) Mary–ka     cikum cip-ey    iss-e/–ta/–ci/–kwun.
      Mary            SUB now         home—LoC      be.  
      located—epistemic/evidential particles
      Mary is home now (which is) established/
       new/certain/inferred information.

Longitudinal studies of children’s spontaneous 
speech show that children learning epistemic modals 
with auxiliary verb systems (e.g., English, French, 
or Modern Greek) begin to use them from about  
2 years 6 months, after having acquired some deontic 
modals. Experimental studies on full lexical markers 
(e.g., modal auxiliaries or adverbs such as maybe and 
possibly) corroborate spontaneous speech data. Chil-
dren first produce deontic modals expressing volition 
or rejection and ability or inability and then begin 
to use epistemic modals, first marking certainty and 
later possibility or probability. (When a modal verb 
encodes both epistemic and deontic senses, children 
typically use it first deontically.) Expression of hypo-
thetical condition may be acquired even later.

Emergence of epistemic modality may be related to 
acquisition of tense and aspect markers. A precursor 
of epistemic modality may be when children use past 
tense or imperfective forms to tell a story or engage in 
a pretend play. For example, early on, Turkish children 
use the evidential past tense suffix –mIs, and Greek 
children use imperfective aspect in pretend play. By 
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using these forms, children express that the world that 
they are creating may be only potential.

Epistemic modality also relates to development of 
mental verbs, for example, think, know, and believe. 
Because these verbs can take sentential complements 
(e.g., I think that the apple is actually a candle), the 
speaker can explicitly differentiate between the event 
and his or her cognitive stance regarding the event.

Epistemic modality is also closely related to dis-
course pragmatics. A number of languages, for exam-
ple, Japanese, Turkish, and Quechua, have particles to 
express the type of evidence and information status 
of an event or state that conveys different degrees 
of certainty. These particles can specify whether the 
information is new or well established, whether it is 
shared with the listener, or whether it is directly or 
indirectly obtained. These forms occur primarily in 
informal spoken interactions as conversation partici-
pants exchange their knowledge about a given topic. 
Children acquire these particles from as early as 1 year 
8 months. The early acquisition is probably due in 
part to high frequency and perceptual salience of the 
markers (e.g., monosyllabic or postposition).

What is the precise nature of the relationship 
between cognition and language in the development 
of epistemic modality? There is evidence that cogni-
tive abilities are foundational to the development. 
Observational studies (between 2 and 4 years) in 
different languages report a similar order of acquisi-
tion: Children acquire the notion of certainty earlier 
than various degrees of uncertainty, that is, probabil-
ity and possibility. This may be explained by gradual 
cognitive development in the level of abstraction. For 
example, uncertainty is more abstract than certainty 
in that it involves a notion that an assertion could be 
open to question.

Experimental studies show essentially the same 
order of acquisition, although the ages of acquisition 
tend to be somewhat later (between 3 and 5 years) 
than those reported in observational studies. (The dis-
crepancy is probably due to some demand for meta-
linguistic ability and certain degrees of unnaturalness 
inherent in experimental tasks.) Experimental studies 
also show that initially (around 3 years of age), chil-
dren understand individual epistemic notions (e.g., 
certainty and possibility) independent of one another. 
From about age 4, they begin to relate one notion to 
another in terms of differences on an epistemic scale.

Other studies have reported that children’s linguistic 
ability plays a crucial role in the development of the 

ability to differentiate between one’s own beliefs and 
those of others—a body of knowledge known as the-
ory of mind. For example, in a theory of mind task, the 
speaker (but not the hearer) might know that an object 
is actually a candle, although it looks like an apple; 
probe questions are design to test whether children 
can distinguish the beliefs of the speaker and hearer. In 
some studies, general language development (develop-
ment of vocabulary, syntax, and verbal memory) was 
predictive of performance on theory of mind tests, 
whereas in other studies, acquisition of sentential com-
plement (I think/know that X) was the critical factor.

In order to understand the exact nature of the inter-
action between modal expressions and cognition, there 
need to be more studies on typologically different lan-
guages that examine relationships between specific 
types of modality and specific cognitive capacities.

 
Soonja Choi

San Diego State University

See	Also:	Aspect; Auxiliary and Modal Verbs; Discourse-
Pragmatics; Evidential Markers; Morphological 
Development; Theory of Mind and Language 
Development. 

Further	Readings
Bassano, Dominique. “Functional and Formal Constraints 

on the Emergence of Epistemic Modality.” First 
Language, v.16 (1996).

Choi, Soonja. “Acquisition of Modality.” In The Expression 
of Modality, W. Frawley, ed. Berlin: Mouton de Gruyter, 
2006.

De Villiers, Jill. “The Interface of Language and Theory of 
Mind.” Lingua, v.117 (2007).

Nuyts, Jan. Epistemic Modality, Language, and 
Conceptualization. Amsterdam: John Benjamins, 2001.

Event	Perception	and	
Language	Development
Verbs and prepositions are the cornerstones of lan-
guage, allowing people to talk about relations between 
objects in events. However, a wealth of research shows 
that learning verbs and other relational terms is diffi-
cult when compared to nouns. Imagine a parent trying 
to teach the verb sliding to their child while watching 



200 Event Perception and Language Development

children play at a park. The parent locates a boy about 
to go down a slide and points to him saying, “Look! 
He’s sliding!” To the parent, these actions may appear 
to provide a defined referent for sliding; however, the 
story is much more complex from the perspective of 
the child. For one, while objects have discrete per-
ceptual boundaries, events are continuous. The child 
learning sliding must figure out that the action begins 
after the child climbs the ladder and ends prior to him 
landing on the ground and running to the jungle gym. 
Even with the event appropriately segmented, there are 
numerous components of this event to which the verb 
sliding could refer. While the parent intends to refer to 
the manner in which the boy descends the slide, the 
parent could be referring to the downward path of 
his motion or the fact that he is perched on the slide 
rather than underneath it. To make matters more com-
plicated, languages differ in the components of events 
they represent in various parts of speech: Verbs typi-
cally depict manner information (e.g., how an action 
is performed—i.e., sliding versus running) and prepo-
sitions path information (e.g., trajectory of motion—
i.e., through versus around) in English, but verbs in 
Spanish focus more on the path of motion (e.g., salir 
[go]), and manner is expressed as an optional gerund 
(e.g., corriendo [running]). How do children resolve 
such complicated issues of verb learning?

Over the last decade, research has sought to illumi-
nate this intersection between event processing and 
language development to understand how children 
maneuver this complex problem space. This entry 
reviews the existing literature on how infants process 
and package events in a way that supports language 
learning. It begins by examining infants’ ability to 
attend to a wide range of components of events that 
underlie relational terms across languages. It then turns 
its attention to how children progress from this broad 
base to more language-specific representations, wrap-
ping up with a discussion of what these processes tell 
us about the relation between language and thought.

Linguistic	Origins
The study of verb learning began in cognitive lin-
guistics, where researchers considered the conceptual 
underpinnings of relational language. According to L. 
Talmy, relational terms label a subset of many simul-
taneous occurring components of events, includ-
ing path (trajectory of motion), manner (the way in 
which a figure moves), source (beginning point of 
an action), goal (end point of an action), figure (the 

primary agent in the event), ground (the reference 
point for that event’s path), containment (when some-
thing is fully or partially surrounded by a container), 
support (the contact of an object on top of a surface), 
and force dynamics (how entities interact with respect 
to force). While not intended to be an exhaustive 
list, these concepts provide a springboard for study-
ing how children process the semantic categories in 
events that support relational terms across languages.

Bringing linguistics into psychology, researchers 
began to study semantic components in early child-
hood that have three features. First, these components 
of events that will be encoded in language are percep-
tually available in infancy. Second, these components 
are codified across the world’s languages. Third, lan-
guages differ in how they encode these components, 
as in the path and manner example above. The fol-
lowing sections review what has been discovered 
about children’s ability to discriminate and categorize 
these semantic components in preparation for map-
ping word to world.

Path–Manner
Manner of motion expresses how an action is per-
formed. Path of motion describes the trajectory of an 
action. In the example The dog is running up the stairs, 
the verb (i.e., running) encodes the manner of the 
dog’s motion, while the preposition (i.e., up) expresses 
the dog’s path with respect to the ground (i.e., stairs). 
While both are present across languages, languages 
differ in how they encode such information. English 
is a manner-biased language, with manner expressed 
in the main verb (as in running) and path in a prepo-
sitional phrase (up the stairs). On the other hand, lan-
guages such as Turkish primarily encode path in the 
verb and manner outside the verb (e.g., sinifa kosarak 
girdi [go into the class runningly]).

Studies show that 7-month-old, English-reared 
infants attend to path and manner changes in non-
linguistic dynamic events. Infants were shown an 
animated starfish performing both a path and man-
ner (e.g., a starfish spinning under the ball) until their 
looking time dropped to or below 65 percent. At test, 
infants increased their attention to both a path (e.g., 
starfish spinning over the ball) and manner change 
(e.g., starfish making jumping jacks under the ball), 
suggesting that they discriminated changes in these 
two semantic components. However, discrimina-
tion is insufficient for acquiring motion verbs. Chil-
dren must form categories of path and manner onto 
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which motion verbs can be mapped. Research shows 
that, after being familiarized to the same path (e.g., 
over) with varying manners (e.g., spinning, bend-
ing, twisting, and jumping jacks), 10- to 12-month-
old infants can form categories of a figure’s path. In 
addition, studies suggest that 13- to 15-month-old 
infants abstract manner of motion (e.g., spinning) 
across changes in path (e.g., past, in front of, under, 
and over). Thus, even in the first year of life, children 
seem to be sensitive to manner and path changes in 
these nonlinguistic tasks.

Containment–Support
Containment refers to a relation in which an object 
is fully or partially surrounded by a container (e.g., 
apple in a bowl), whereas a support relation consists 
of an object resting upon a surface (e.g., apple on a 
table). Though encoded across languages, these cate-
gories vary. English utilizes the categories of in and on, 
while Korean labels containment and support based 
on the degree of fit between objects. These categories 
of tight fit (e.g., apple in cup or ring on finger) and 
loose fit (e.g., book on table, orange in bowl) collapse 
across the English categories of in and on.

English-reared infants notice Korean degree-of-fit 
relations by 5 months of age and differentiate between 
in and on by 6 months. The English categories of con-
tainment relations also appear around 6 months of age 
across a variety of exemplars, but support relations are 
not categorized until 14 months. Both English- and 
Korean-reared infants form categories of tight-fitting 
and loose-fitting relations by 9 months of age, show-
ing that infants attend to conceptual divisions within 
events that are not encoded in their native language.

Figure–Ground
The figure of an event is a movable entity that can fol-
low any path in reference to the ground or stationary 
setting. Terms across languages encode ground infor-
mation, such as the English words cross or through. 
Yet, figure and ground are encoded differently in 
languages such as English and Japanese. Japanese 
ground-path (GP) verbs encode the nature of the 
ground along the trajectory of the motion. A verb 
like wataru implies that someone crosses a flat bar-
rier between two points such as a bridge or a road. 
Wataru cannot be used to describe a ground that is 
not flat (e.g., a hill) or when the ground does not con-
tain a barrier between two sides (e.g., a field). Other 
relations include koeru (i.e., go over) and nukeru (i.e., 

pass through). These ground distinctions in Japanese 
GP verbs are not marked in English.

English-reared infants distinguish figures in 
dynamic events by 10 months. Both English- and 
Japanese-reared infants differentiate between and 
form categories of Japanese ground distinctions (e.g., 
crossing a railroad versus a grassy field) by 14 months.

Source–Goal
The source of motion is a reference point from which 
a figure moves, while the goal of motion is a location 
or reference point toward which the figure moves. 
Source and goal are encoded in both source paths 
(e.g., from or flee) and goal paths (e.g., to or approach). 
Source and goal are exceptions to the pattern observed 
with previous constructs. While they are encoded 
in all languages studied to date, these components 
appear to be packaged in similar ways: languages 
encode goals more often than sources for both move-
ments of intentional and inanimate figures. However, 
some languages such as Japanese differentiate source 
and goal with specific morphemes (e.g., ni and kara) 
attached to the noun.

Research shows that infants discriminate between 
goals in motion events by 12 months of age. Twelve-
month-olds also identify source changes in events but 
only when sources are made extremely salient (e.g., 
decorated with sparkles). Fourteen-month-olds form 
categories of goals across different objects, spatial 
relations, and agents. Infants of the same age cannot 
form categories of sources across such variation.

Spatiotemporal	Causality–Force	Dynamics	
Spatiotemporal causality refers to the action of one 
figure bringing about the action of a second. Such 
relations have traditionally been defined by the pres-
ence of spatial and temporal contiguity between the 
motions of the two figures. Spatiotemporal causality 
is encoded via transitive frames (e.g., The boy pushed 
the girl) and across languages, but with variation. 
Languages with fixed word orders, such as English, 
allow a wide range of agents in the subject position, 
including both intentional beings (e.g., The boy cut 
the bread) and tools (e.g., The knife cut the bread). On 
the other hand, languages of variable word order, such 
as Korean, restrict their category of causal agents to 
exclude tools, such as knives or keys.

Force dynamics refer to the interactions between 
forces in an event, moving beyond spatiotemporal 
causality to classify events into categories of cause, 
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prevent, enable, and despite. For instance, the state-
ment The boy helped the girl get to her house implies a 
figure (the girl) with a path or intent for a given goal 
(the house), another figure (the boy) with a concor-
dant path or intent, the presence of spatiotemporal 
causality (the boy causes motion in the girl), and 
an achieved goal (the girl reaches her house). Force 
dynamics are universally encoded yet vary across lan-
guages. For example, in contrast to English, Russian 
puts emphasis on intentional agents, which focuses 
attention toward forces of internal energy at the 
expense of external forces such as friction. This yields 
a broader category of enable, as motion cues are not 
required to attribute goal-directed intention to an 
actor. Thus, a parent pushing a child in a sled in the 
direction the child is facing would be considered an 
act of enabling. This is because the direction the child 
faces is considered a sign of intent. English speakers, 
in contrast to Russian, would be more apt to classify 
the event as causing to move due to the lack of visible 
effort on the child’s part. 

Infants discriminate causal from noncausal inter-
actions on the basis of spatiotemporal properties by 6 
months of age, but categorization has yet to be exam-
ined. Indeed, no research has confirmed the presence 
of categories of force dynamics in children, with the 
only evidence coming from studies of adults.

Events	and	Grammatical	Structure
Research at the intersection of event processing and 
language development reveals that language does 
not transparently map concepts into semantics but 
rather encodes meaning through the syntax–seman-
tics interface. Though infants attend to nonlinguistic 
event components that will carry semantic meaning, 
they must learn to package these semantic elements 
into the specific grammatical structures of their lan-
guage. Tracking statistical regularities between lan-
guage and events, children learn the lexicalization 
biases of their language, first discerning relations 
between parts of speech and information in events 
(e.g., verbs primarily encode manner in English and 
path in Spanish). Second, they must recognize how 
semantic meaning surfaces with respect to argument 
structure. For instance, complementary terms such 
as give and receive and chase and flee are only distin-
guished by noting which nouns appear as the agent 
and object of the sentence. Conversely, the case of 
force dynamics highlights the need to understand 
that certain grammatical structures require attention 

to specific components of events. For instance, the 
phrase Mary blicked Greg go home requires attending 
to the relation between the forces of the two agents 
in the event (e.g., helped) over simpler cause–effect 
relations (e.g., pushed). Understanding these relations 
between events and grammatical structure is funda-
mental to a full mastery of language. 

Role	of	Language	in	Packaging	Event	Components
Given the vast differences between languages, how 
might children go from a universalist foundation to 
hone what are often very different ways of processing 
events for language? Research shows that the language 
children hear informs them as to the way their native 
language packages these components in events. When 
language is present, children show increased attention 
to semantic categories in events. For instance, when 
presented a novel verb (e.g., javing) accompanying 
videos of either a single path performed over varying 
manners or a single manner performed over varying 
paths, infants were successful in forming categories of 
path and manner three months earlier than in non-
linguistic contexts. Moreover, as language highlights 
relations repeatedly over time, children track statisti-
cal regularities in how their native language encodes 
events, forming biases concerning how each new word 
will relate to the world. English-speaking 29-month-
olds with larger vocabularies, or who knew the word 
on, were less likely to distinguish the degree-of-fit rela-
tions encoded in Korean than their counterparts with 
smaller vocabularies. Similarly, at 19 months of age, 
Japanese infants continue to attend to the Japanese 
distinction between waturu and tooru, whereas Eng-
lish infants pay less attention to it. Language appears 
to act as a spotlight, heightening attention to contrasts 
the child’s native language encodes while dampening 
attention to nonnative distinctions.

Additionally, language can help make sense of 
ambiguous events. Take the example of chase and flee. 
These two complementary concepts are both present 
within a single event: When a fox chases a rabbit, the 
rabbit also flees the fox. How might children learn 
these two tightly tied but distinct concepts? Four-
year-olds use syntactic bootstrapping, tracking the 
syntactic structure of the novel verb and the accom-
panying noun phrases to disambiguate the mean-
ings of verbs and gain a point of view on the event. 
Children who hear, “The fox is glorping the rabbit” 
think glorp means chase, but children who hear, “The 
rabbit is blicking the fox” think blick means flee. This 
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important tool can provide clarity in events that can 
be packaged in a variety of ways. While not an exhaus-
tive list, these varied influences of language on event 
perception demonstrate how prior language learning 
supports further learning as children move toward 
mastery of their native tongues.

The	Language–Thought	Debate
What does the study of verb learning disclose about 
the relation between language and thought? The 
presence of nonnative semantic categories in infancy 
strongly suggests that language is not the source of 
concepts, as would be dictated by the Whorfian view 
of linguistic relativity. What emerges is a weaker ver-
sion of the Whorfian hypothesis that recognizes the 
presence of prelinguistic categories while still asserting 
a role for language in helping children learn what Dan 
Slobin called thinking for speaking. As is the case in 
phonemic development, the process is one of semantic 
reorganization. Over the first year and a half of life, 
infants notice a common set of foundational com-
ponents of events regardless of the language they are 
learning. Then, influenced by distinctions encoded in 
the native language, infants appear to focus on a subset 
of these categories that are relevant to their native lan-
guage. Language, in this case, has the function of ori-
enting infants’ attention to some relations over others. 
Through this process, infants develop new perspectives 
in their interpretations of event categories in linguistic 
contexts, effectively trading spaces as they develop.

What remains is the issue of which system, the 
conceptual or the linguistic, drives the learning of 
relational terms. In their Typological Prevalence 
Hypothesis, Dedre Gentner and Melissa Bowerman 
suggest that those categories found in many of the 
world’s languages are likely more natural and there-
fore easier to form in childhood. Consequently, more 
natural concepts will appear earlier in language 
development because of the ease of mapping them 
onto language forms. For instance, the more widely 
encoded distinction between in and on is acquired 
sooner than the less frequent relations of solid sup-
port, tenuous support, and encirclement with con-
tact seen in Dutch. Here, one sees both processes for 
language and concept learning at work. In the case 
of in and on, perceptually based concepts are driving 
the acquisition of relational terms. In the case of solid 
support, tenuous support, and encirclement with 
contact, however, language must direct attention to 
the categories that are not as natural to the infant. 

Thus, both concepts and language have influences on 
language learning, but their effects are weighted dif-
ferentially across concepts.

Conclusion
The partitioning of events for language is a compli-
cated process, requiring researchers to bridge the gap 
between perceptual, conceptual, and semantic devel-
opment. Linguists have provided the foundation for 
answering this challenge, delineating the compo-
nents of events that help to carve the world into the 
units underlying relational terms. By looking at those 
components of events that are perceptually available, 
prevalent in all languages, and encoded differently 
across cultures, the study of language development 
in psychology has made great strides in understand-
ing how these two worlds intersect. Children are 
uniquely prepared for the challenges of verb learning, 
progressing from universalists who encode a wide 
array of event components present across languages 
to sophisticated specialists who use the ambient lan-
guage to master the packaging of these components 
in their native tongue.
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Evidential	Markers
Every language has lexical means to indicate the 
source of information being communicated (e.g., 
I saw, reportedly, or the teacher said). In addition, 
about one-quarter of the languages of the world (e.g., 
Bulgarian, Korean, Quechua, Tibetan, and Turkish) 
also have grammatical means to do so. The only dif-
ference between the following two Turkish sentences 
is in the evidential marker used: –DI in (1) indicates 
that the reported information is directly acquired 
by the speaker, for example, through witnessing the 
event, and –MIŞ in (2) indicates that the reported 
information is indirectly acquired, for example, 
through hearsay or inference.

(1) John mektup yaz–DI. (John wrote a letter; 
I have direct evidence.)
(2) John mektup yaz–MIŞ. (John wrote a letter; 
I have indirect evidence.)
 
Evidentials are grammatical markers that identify 

the source of the information that is being commu-
nicated (in the case of a statement) or anticipated 
(in the case of a question). Developmental research 
on evidentiality is in its infancy, and the understand-
ing of the acquisition process is rapidly changing. 
Notably, acquisition trajectories across languages, 
although somewhat idiosyncratic, share a number of 
similarities.

Several features of evidentials should be high-
lighted to contextualize the acquisition research. 

Evidentials are usually verbal affixes (as in the Turk-
ish example above), clitics, or particles. Semantically, 
they represent source information abstractly and 
within a closed system of contrasts. They refer to a 
subset of the conceivable information sources, typi-
cally distinguishing one or more of the following six 
types: vision, nonvisual sense, inference, assumption, 
hearsay, and quotation. Evidential systems vary in the 
number and type of source distinctions they make. 
The simplest evidential systems consist of only two 
categories (e.g., firsthand versus nonfirsthand), while 
the richest ones distinguish five or more.

Distributionally, evidentials are much more com-
mon than source-of-knowledge expressions in west 
European languages. Source-of-knowledge informa-
tion is rarely expressed in west European languages, 
even in adult discourse. In languages with evidential 
systems, not every sentence contains an evidential. 
Past-tense sentences are more likely to be marked than 
future-tense sentences. Still, as evidentials are obliga-
tory within a range of sentences, source information 
is quite frequent in these languages.

Pragmatically, the use of evidentials is constrained 
by the power dynamics in the communicative situa-
tions and considerations about responsibility for and 
authority over the information that is communicated.

Finally, evidentials should be distinguished from 
other linguistic tools speakers can use to character-
ize knowledge, in particular lexical and grammatical 
expressions whose primary meaning is the expres-
sion of speaker certainty (such as the modal verbs 
must and might in English) or that the information 
is unexpected for the speaker (as in Wow, you have 
grown!). The grammatical systems corresponding to 
these notions are epistemic modality and mirativ-
ity. The connections between evidentiality, modality, 
and mirativity are complex. For example, both evi-
dentiality and mirativity show connections with the 
perfect. (Analogously in English, the present-perfect 
construction used to express surprise in Wow, you 
have grown! is also used to express an inference, for 
example, John has arrived.) Such connections have 
to be taken into account in acquisition research and 
highlight the need for strong links between language 
development and linguistics research.

Acquisition data on evidentials currently exist for 
only about a dozen languages and are most extensive 
for Korean and Turkish. Despite notable differences 
across languages, several commonalities have emerged. 
First, evidentials first appear in children’s speech by 
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age 2 or 3. Not surprisingly, given the diversity among 
evidential systems, the age varies by language (e.g., 
earlier in Korean than Turkish). Second, evidentials do 
not emerge together. Cross-linguistically, direct-expe-
rience markers appear in child speech before markers 
of indirect sources. This sequence is also seen in com-
prehension. Input has emerged as a factor that may be 
responsible for this acquisition order. In both Korean 
and Japanese, strong correlations have been observed 
between children’s production of evidentials and their 
frequency in child-directed speech. Third, children 
begin to produce evidentials before they fully compre-
hend them. (Note that, in many other language acqui-
sition domains, e.g., word learning, comprehension 
precedes production.) The lag varies by task, marker, 
and language, but the most solid evidence for compre-
hension is after age 6. It is possible that production and 
usage tasks tap an earlier developing implicit knowl-
edge, while comprehension tasks rely on later-devel-
oping explicit knowledge.

Children are also observed to take into account 
evidentials in assessing the reliability of information 
around age 6. Development depends on the evidential 
system children are acquiring as well as the marker 
contrast with which they are presented. It is also influ-
enced by the fact that source reliability is not abso-
lute but varies with context. Children’s informational 
goals, for example, influence the reliability children 
associate with an evidential. Bulgarian 9-year-olds 
favor perceptual sources over cognitive ones when 
they look for spatial information but not when won-
dering what someone has done (possibly reflecting 
their experience of the relative roles of perception and 
cognition in these tasks).

The obligatory nature of evidentials (over a range 
of sentences), along with their frequent usage, sug-
gests that the thinking for speaking of speakers of lan-
guages with evidentials may differ from that of speak-
ers of languages without evidentials. The Whorfian 
question of whether evidentials affect how speakers 
think has been examined in two ways that pertain 
to children’s developing theory of mind: conceptual 
source understanding and understanding that mental 
states can be false. Development of conceptual source 
understanding can be seen as a nonverbal counter-
part of the acquisition of evidentiality; it is typically 
assessed through tasks that assess whether and when 
looking, being told, and so on, lead to knowing. False 
belief understanding, on the other hand, has been 
of interest as a cornerstone in the development of a 

representational understanding of the mind. In addi-
tion, understanding that knowledge can originate 
from different sources could contribute to under-
standing the diversity in people’s beliefs and their 
occasional falsity. Yet, the acquisition of evidentials is 
delayed relative to children’s conceptual understand-
ing of knowledge sources and false beliefs. Further-
more, even though children develop understanding of 
seeing before communication and inference, similarly 
to the way direct evidentials are acquired before indi-
rect evidentials, correlational research on the acquisi-
tion of evidentials and conceptual source knowledge 
has yielded mixed findings. Mixed results have also 
been obtained with respect to the relation between 
the acquisition of evidentiality and false belief under-
standing. Thus, currently there is not much sup-
port for the idea that the acquisition of evidential-
ity influences cognitive development. It should be 
noted though that temporal order and correlational 
data provide weak bases for causal inferences. Stud-
ies involving experimental manipulations would be 
informative.

Two factors have been highlighted with respect to 
the delayed acquisition of evidentials: the problem 
of mapping between the language and conceptual 
domains and the development of ideas about the vari-
ous sources of the information that people communi-
cate. In acquiring evidentials, children have to acquire 
more general and abstract concepts than in acquiring 
the concepts related to the most common lexical source 
expressions. Sensory sources, for example, are rarely 
distinguished in evidential systems. Thus the mapping 
process may take time. (It may also be associated with 
changes in the conceptual domain, which again poses 
the Whorfian question.) Children also begin to develop 
ideas about the origins of information encoded in lan-
guage late (where do the thoughts and ideas expressed 
by speakers come from). Initially, they appear to believe 
that all information is personally acquired by speakers. 
The acquisition of evidentials may await the develop-
ment of a more realistic theory of evidentiality.

Stanka A. Fitneva
Queen’s University
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for Speaking.
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Evolutionary	Perspectives	
on	Language	Development
It may seem counterintuitive that evolutionary per-
spectives on language should have any consequences 
for theories of language development. After all, apart 
from relatively minor shifts in vocabularies and pro-
nunciations, the linguistic environment remains 
relatively stable over the period of primary language 
development. Researchers have therefore tended 
to assume that language is essentially fixed when it 
comes to the study of language acquisition. However, 
this does not mean that language evolution theories 
are irrelevant for language acquisition researchers. 
Indeed, recent evolutionary considerations promise 
to cast the problem of language acquisition in a new 
light, potentially ruling out certain approaches while, 
at the same time, suggesting that the task facing chil-
dren may be simpler than previously assumed.

Early	Approaches	to	Language	Evolution
The study of language evolution has a long, checkered 
history. The mid-1800s were so plagued by unfounded 
speculations regarding the origin of language that 
the Société Linguistique de Paris in 1866 imposed a 
ban on discussions of this topic at its meetings. The 
study of language evolution subsequently underwent 
a long hiatus that lasted until 1990, when a landmark 
paper by S. Pinker and P. Bloom led to a resurgence 
of research in this area. Since then, language evolu-
tion research has blossomed, fueled by theoretical and 
empirical constraints deriving from advances across 
the various cognitive sciences with a stake in language. 

Whereas early work focused on the biological evolu-
tion of specific neural mechanisms for language, the 
new millennium has seen a shift toward an emphasis 
on the emergence of linguistic structure through the 
cultural evolution of language.

Language evolution research aims to explain why 
language is the way it is and how it came to be that 
way. Language appears to be species specific; no other 
animal appears to have a communication system of 
equal expressivity, complexity, and diversity. This 
is often taken to imply that language evolution has 
involved biological adaptation specific to language. 
Another possibility is that the complexity of language 
has primarily emerged as a consequence of cultural 
evolution across generations of language learners 
and users. Recent work on the evolution of language 
has sought to disentangle these two perspectives by 
bringing together evidence from a variety of sources, 
including theoretical considerations, computational 
simulations, and behavioral experimentation.

A long-standing influential approach to language 
acquisition argues that the input to children is too 
impoverished for them to acquire an adult linguistic 
competence. The suggestion is therefore that children 
come to the task of language acquisition with a genetic 
endowment of linguistic knowledge—a so-called uni-
versal grammar (UG)—consisting of a set of abstract 
constraints that hold across all languages. As such, UG 
provides a possible explanation for the close fit there 
seems to be between language and learners. Pinker and 
Bloom proposed that UG has evolved gradually by way 
of natural selection by analogy with the evolution of 
the visual system. Although initially controversial, this 
perspective quickly emerged as the null hypothesis in 
language evolution research in the 1990s.

The	Logical	Problem	of	Language	Evolution
The UG perspective on language acquisition has been 
criticized on a variety of grounds, from underestimat-
ing the information available in children’s input to 
lack of linguistic coverage. Independent of the merits 
of these criticisms, the UG approach faces a logical 
problem of language evolution. A central assumption 
of UG is that the linguistic constraints are arbitrary in 
the sense that they do not facilitate language learning 
and use, improve communicative effectiveness, or play 
any other functional role. This creates an evolution-
ary problem because natural selection works on func-
tional properties that increase an organism’s chances 
for survival and reproduction. Because UG constraints 
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are arbitrary, any combination of constraints would be 
equally adaptive, leaving natural selection little with 
which to work. A possible solution is to construe the 
UG constraints as constituting a communicative pro-
tocol by analogy with inter-computer communication: 
It does not matter what specific settings (constraints) 
are adopted as long as everyone uses the same set of 
settings. However, this solution comes up against three 
fundamental obstacles relating to the question of what 
is genetically encoded, language change, and the dis-
persion of human populations.

First, natural selection produces adaptations 
designed to fit the particular environment in which 
selection occurs. Consider the exquisite adaptation 
of the beaks of C. Darwin’s finches, from the short, 
wide bills of the seedeaters to the long, narrow bills 
of the grub catchers. In all cases, the finches’ beaks are 
superbly adapted for foraging in their local environ-
ments. It is thus puzzling that an adaptation for UG 
would have resulted in the genetic underpinnings of 
a system capturing the abstract features of all possible 
human linguistic environments rather than fixing 
the superficial properties of the immediate linguistic 
environment in which the first language originated.

Second, assuming that the first difficulty could 
be resolved, the UG account faces another problem 
because, as products of cultural evolution, linguistic 
conventions change orders of magnitude faster than 
biological evolution. For example, it took less than 
7,000 years for such mutually unintelligible languages 
as Danish and Hindi to evolve from a common proto-
Indo-European ancestor, whereas hominid evolution is 
measured in terms of hundreds of thousands of years. 
Thus, the adaptationist account of UG faces the prob-
lem that linguistic conventions change much more 
rapidly than genes, creating a moving target for natu-
ral selection. Computational simulations have shown 
that, under conditions of relatively slow linguistic 
change, arbitrary principles do not become genetically 
fixed—even when the genetic makeup of the learners is 
allowed to affect the direction of linguistic change.

Third, even if the first two obstacles could some-
how be overcome and a biological adaptation for UG 
emerged in a group of early humans, this account 
would still be confronted with the issue of diverging 
human populations. If one assumes that UG emerged 
by gradual genetic assimilation of the arbitrary lin-
guistic conventions found within a particular group 
of early modern humans, different languages (and 
linguistic conventions) would emerge as they later 

migrated out of Africa to Asia, Europe, and beyond. 
The problem is that the same gradual adaptation 
needed to evolve a UG in the original population 
would also gradually change the UG as the languages 
diverged. Computational modeling of a range of dif-
ferent scenarios concerning language evolution and 
human migration suggests that the only way for UG 
to evolve is to assume a process of gradual adaptation 
prior to the dispersion of human populations and an 
abrupt cessation of adaptation afterward as humans 
migrated across the world. This is, of course, a highly 
unlikely evolutionary scenario.

Nonetheless, it remains possible that language had 
a substantial impact on human genetic evolution. 
Whereas there appears to be no viable evolutionary 
account of how arbitrary linguistic constraints could 
emerge, it seems plausible that functional features of 
language that remain stable across linguistic environ-
ments might have led to biological adaptations. Such 
adaptations may have included changes to the vocal 
tract for optimal speech production, enhanced mem-
ory for form-meaning mappings, or complex prag-
matic inferences. Crucially, though, these are features 
of language that are functional in nature—that facili-
tate language learning and use—and thus would not 
typically be considered part of UG.

Language	as	Shaped	by	the	Brain
But without UG, how can one explain the close fit 
there seems to be between language and the mecha-
nisms involved it its acquisition and use? M. Chris-
tiansen and N. Chater suggested that, instead of asking 
how the brain may have been adapted for language, 
more insight into language evolution can be gained by 
turning the question upside down: How has language 
been adapted to the brain? As they noted, this question 
emphasizes the fact that language cannot exist inde-
pendently of human brains. Without humans, there 
would be no language. Thus, there is a stronger selec-
tive pressure on language to adapt to the human brain 
than the other way around. Processes of cultural evo-
lution involving repeated cycles of learning and use are 
hypothesized to have shaped language into what can 
be observed today. The solution to the logical problem 
of language evolution is, then, that cultural evolution 
has shaped language to fit the human brain.

The 21st century has seen a growing body of 
research supporting the hypothesis that language pri-
marily has evolved by way of cultural evolution rather 
than biological adaptation. This evidence has come 
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from many different lines of research, including com-
putational modeling of the processes of cultural evo-
lution, linguistic analyses of patterns of grammatical-
ization in linguistic change, and human simulations 
of cultural transmission. A key hypothesis emerging 
from this work is that the cultural evolution of lan-
guage has been primarily shaped by domain-general 
constraints deriving from neural mechanisms exist-
ing prior to the emergence of language. Language 
is thus viewed as an evolving, complex system in its 
own right; features that make language easier to learn 
and use, or are more communicatively efficient, will 
tend to proliferate, whereas features that hinder com-
munication will tend to disappear (or not come into 
existence in the first place). This perspective on lan-
guage evolution has a long pedigree going back to 
Charles Darwin, who in The Descent of Man, noted 
that a struggle for survival goes on among words and 
linguistic structures and that this process of cultural 
evolution in language closely resembles the process of 
natural selection in biological organisms.

S. Kirby and colleagues have simulated this kind 
of cultural evolution in the lab by exposing learn-
ers to an “alien” language in which syllable strings 
were mapped onto pictures showing colored objects 
undergoing a specific kind of motion. The learner 
only saw a subset of the possible string-picture map-
pings in this miniature language but was tested on 
the ability to name all the pictures in the language. 
This meant that the learner had to generalize from 
a finite input sample to a larger language (similar 
to the task facing a child learning natural language). 
The responses that the learner provided for these test 
items were then used as the language for a subsequent 
learner; that is, the output of one learner became the 
input for the next learner, thus simulating a process of 
cultural transmission of language across generations 
of learners. Crucially, the first learner was exposed to 
a completely random language, in which there were 
no regularities between the strings and the pictures. 
As this process unfolded across 10 generations of 
learners, the language became more structured and 
consequently easier to learn. In many cases, morphol-
ogy-like structure emerged, with specific prefixes or 
suffixes indicating color, shape, or type of motion. 
Such structure allowed the learners to generalize to 
unseen strings, thus suggesting that the artificial lan-
guage had adapted to a narrow transmission bottle-
neck whereby learners were exposed only to subsam-
ples of the full language.

More generally, M. Christiansen and N Chater 
describe four different types of constraints that act 
together to shape the cultural evolution of language. 
The nature of our cognitive architecture provides 
restrictions on the cultural evolution of language 
through limitations on learning, memory and pro-
cessing. For example, limitations on working memory 
will further accentuate the effects of the transmission 
bottleneck observed in the human simulations of cul-
tural evolution. A second source of constraints derives 
from the perceptual and motor machinery that sup-
ports language. For example, the serial nature of 
vocal (and sign) production forces a sequential con-
struction of messages with a strong bias toward local 
information due to the limited capacity of perceptual 
memory. Socio-pragmatic considerations provide yet 
another set of constraints on how language can evolve. 
As an example, consider how a shared pragmatic con-
text may lighten the informational load on a partic-
ular sentence (i.e., it does not have to carry the full 
meaning by itself). Finally, the structure of our men-
tal representations and reasoning abilities constitutes 
a fourth kind of constraint on language evolution. For 
instance, human basic categorization abilities appear 
to be reflected in the structure of lexical representa-
tions. Importantly, these four types of constraints do 
not act independently of one another; rather, specific 
linguistic patterns arise from a combination of several 
of these constraints acting in unison during language 
acquisition and use.

Conclusion
Viewing language evolution as cultural evolution has 
several important implications for our understand-
ing of language acquisition. It suggests that the neural 
hardware put to use in acquiring language is not likely 
to be dedicated for this purpose. Instead, brain mech-
anisms are recruited during development to allow the 
child to comprehend and produce language. This can 
be seen to be analogous to the cultural recycling of 
neural circuits during development to accommodate 
children’s emerging reading and writing skills. Just as 
the left ventral occipito-temporal cortex can be con-
strued as part of a neural niche that has shaped writ-
ing systems, so has our language ability been shaped 
by preexisting constraints deriving from largely 
domain-general brain mechanisms.

The cultural evolution perspective also promises to 
recast the problem of language acquisition in a new 
and more tractable form. Christiansen and Chater 
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suggest that, during development, children face two 
radically different kinds of induction problems. In 
some cases, the child needs to learn about the struc-
ture of the natural world from a sample of data. The 
child is like a scientist trying to discover the structure 
of a particular domain. This kind of natural induction 
(N-induction) is hard because the biases that the child 
brings to bear on the learning task may not be the 
rights ones. Acquiring language is often construed as 
an N-induction problem resulting in a logical problem 
of language acquisition: The child is seen as a linguist 
who seeks to discover the arbitrary constraints of some 
target grammar, given impoverished data. However, 
from the viewpoint of cultural evolution, the child’s 
acquisition task is radically different. 

The goal is not to uncover regularities generated by 
an arbitrary structure in the natural world but rather 
to converge on regularities created by past generations 
of learners. This kind of cultural induction, where the 
objective is to coordinate with others (C-induction), 
is considerably easier. When children acquire their 
native language(s), their biases will be the right biases 
because language has been optimized by past genera-
tions of learners to fit those very biases. This does not, 
however, trivialize the problem of language acquisi-
tion but instead suggests that children tend to make 
the right guesses about how their language works—
not because of an innate UG but because language has 
been shaped by cultural evolution to fit the domain-
general constraints that they bring to bear on language 
acquisition.

Morten H. Christiansen
Cornell University
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Executive	Functions	and	
Language	Development/
Processing
Executive functioning (EF) refers to a range of skills 
involved in high-level, goal-directed behavior. These 
skills are used for demanding thinking and learning 
tasks, where new responses must be generated, imple-
mented, and monitored. EF skills are not generally 
involved in well-learned, routine, or automatic tasks. 
It is increasingly clear that EF is closely implicated in 
language processing, with brain regions used for EF 
overlapping with brain regions used for language. EF 
is also implicated in language development: EF skills 
are relatively strong in bilingual children yet weaker in 
those with language delays or difficulties.

What	Is	Executive	Functioning?
EF is usually conceptualized as including several dis-
tinct but interrelated subskills. There is wide agree-
ment for three domains of EF, including working 
memory, inhibition, and switching. Nevertheless, it 
is acknowledged that many EF skills are overlapping 
and that many EF tasks draw on more than one sub-
skill. Obtaining pure measures of EF subskills remains 
a challenge in this literature.

Working memory (sometimes referred to as updat-
ing) is central to the conceptualization of EF as well 
as to several theoretical models of memory and cog-
nition. Working memory tasks require the concurrent 
processing and storage of information. For example, 
in the listening span task, a child may be asked to judge 
whether two sentences, read out one at a time, are true 
or false (sentence one = the sun is blue, true or false; 
sentence two = I can brush my hair, true or false?). This 
is the processing part of the task, and it is immedi-
ately followed by the memory storage part of the task, 
namely, asking the child to recall the final word from 
each sentence in the correct order (blue then hair).
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Inhibition refers to the ability to suppress a possi-
ble response that readily comes to mind. This is often 
tested by requiring children to produce consistent 
copying responses (e.g., repeatedly copying two hand 
gestures, such as a fist and pointed finger in Luria’s 
hand game, or repeatedly naming pictures of the sun 
and the moon in the sun-and-moon task). This is fol-
lowed by a reversal instruction requiring inhibition 
trials, whereby the opposite response in each case is 
required (if you see a fist, respond with pointed finger 
and vice versa; if you see a picture of the sun, respond 
with the word moon and vice versa).

Switching (also known as mental flexibility or 
set shifting) concerns the ability to move quickly 
and accurately between related concepts. This is fre-
quently tested using sorting tasks. Children are given 
items to sort into categories, but importantly, each 
stimulus item has at least two different features (e.g., 
color and shape). After a number of trials sorting by 
one feature (color), the categorization rule is changed 
(to shape), and children must change to the new sort-
ing rule quickly and accurately. The new sorting rule 
is either explicitly described to the child or must be 
inferred from feedback about whether each stimulus 
item has been correctly sorted or not (e.g., Wisconsin 
Card Sorting Task).

Further areas of EF include the ability to carry out 
strategic planning to achieve goals efficiently (plan-
ning is often assessed using the Tower of London or 
Tower of Hanoi tests) and the ability to generate new 
responses according to a rule (e.g., this is known as 
fluency and is often tested by asking children to name 
as many items from a particular category, such as ani-
mals, as they can in one minute). Doing two or more 
activities at once (multitasking) also involves execu-
tive control; in the research literature, this is described 
as dual-task performance.

Executive	Functioning	and	Language	Processing
Language processing, for the purposes of both listen-
ing and speaking, is a highly complex skill requiring 
input from a range of sensory, memory, motor, and 
attentional systems. It is increasingly clear that EF 
is crucial for language processing. Fluent and accu-
rate language requires a speaker to select appropri-
ate vocabulary items and generate sentences that are 
syntactically correct and convey the precise mean-
ing intended. This may involve fluency and working 
memory in order to search for, maintain, and generate 
appropriate words and grammatical forms. Inhibition 

is also required for generating language because items 
and grammatical forms that are similar to those even-
tually chosen for output will be activated, and these 
nontarget items must be suppressed. For example, 
young children and children with language difficul-
ties may over-regularize verb forms (I runned instead 
of I ran), indicating that they have not correctly inhib-
ited the incorrect but rule-abiding regular form of the 
verb. Interpreting language also relies on EF skills, 
particularly when the language input is ambiguous. 
Inhibition and working memory are required to 
monitor and resolve the competition between alter-
native representations and choose the most consistent 
version while suppressing other alternatives.

Recent evidence suggests that the brain regions 
involved in competition resolution during sentence 
comprehension are the same as the brain regions 
involved in EF tasks that measure inhibition on per-
ceptual and attentional tasks. Executive control is also 
used by bilinguals to switch between languages and to 
inhibit the language not currently being used. Further, 
the evidence suggests that the brain regions underlying 
EF are also recruited for these language-switching pro-
cesses. Therefore, there is emerging evidence of overlap 
between brain regions involved in resolving conflicts 
between different representations during language 
processing and brain regions involved in perceptual 
and cognitive EF tasks. These overlapping brain regions 
include frontal, parietal, and subcortical structures.

Executive	Functioning	and	Language	Development
There is little research that directly tracks the devel-
opment of EF in typical children and explicitly links 

Executive tasks
• Concurrent remembering and processing 

(executive-loaded working memory).
• Inhibition of inappropriate responses that 

come readily to mind.
• Flexibility of thought and action  

(switching between different mental sets).
• Generation of new responses according 

to a rule (fluency).
• Strategic planning and organization

Figure	1 A summary of five key subdomains of executive
 functioning



 Executive Functions and Language Development/Processing 211

this to the stages of language development. However, 
relevant work has looked at: (1) EF in children with 
highly developed skills in more than one language 
(bilingual children) and (2) EF in children who have 
serious language delays (specific language impair-
ment [SLI]). The former group has enhanced EF per-
formance, whereas the latter group appears to have 
weaker EF performance. These two complementary 
areas of evidence suggest close links between EF and 
language development.

Bilingual	Children
Children who are bilingual from an early age dem-
onstrate enhanced executive control relative to same 
age peers (e.g., better inhibition, conflict resolution, 
switching, and working memory). This is despite the 
fact that, on many language measures, bilingual chil-
dren obtain relatively lower scores. The advances in 
EF shown by bilingual children could reflect improve-
ments in individual subareas of EF or more general 
improvements in the ability to coordinate execu-
tive control during complex tasks. The mechanisms 
underlying EF enhancement are believed to reflect 
practice in switching between well-learned languages 
and ignoring competition from the nontarget lan-
guage (inhibition and conflict resolution). Research 
evidence suggests that both languages are always 
activated (or somewhat activated). This implies that 
bilingual children require constant executive control 
to manage the competition between languages and 
coordinate appropriate linguistic responses.

Children	With	Language	Delays
SLI is a developmental disorder involving delayed lan-
guage in the absence of any obvious cause. Individuals 
with SLI have nonverbal abilities in the average range, 
yet they show weaknesses in all or most areas of lan-
guage including phonology (the sounds of language 
that convey different meanings), vocabulary, and gram-
mar. Children with SLI do not have mental or physical 
disability, hearing loss, emotional problems, or severe 
environmental deprivation, but there is increasing evi-
dence that they do have difficulties with EF.

For example, parent and teacher reports indicate 
that general executive behaviors during everyday activ-
ities are impaired in preschoolers with SLI. A growing 
body of behavioral evidence also finds difficulties with 
particular EF skills. Inhibition is impaired in children 
with SLI, regardless of whether it is tested using verbal 
or nonverbal tasks. Problems in inhibiting activated 

concepts could lead to difficulties, for example, in 
inhibiting unselected vocabulary items or grammati-
cal forms. Children with SLI also have weaker working 
memories than their typical peers, particularly on ver-
bal working memory assessments (e.g., the listening 
span task, described earlier), and slightly less emphati-
cally on tasks that do not require language (e.g., mak-
ing perceptual judgments and concurrently holding in 
mind spatial positions). 

The consensus is that working memory is crucially 
involved in language comprehension and produc-
tion. It supports the maintenance of language input 
when building syntactic representations of sentences 
and decoding their meanings. It also maintains alter-
natives during the selection and generation processes 
involved in speaking. Planning difficulties have been 
reported in children with SLI on both verbal and non-
verbal tasks. Effective communication is likely to rely 
heavily on planning skills both in terms of anticipation 
of intended meanings and planning ahead for spoken 
or written responses. Weaknesses in fluency tasks have 
also been found in children with SLI (although more 
consistently for verbal than ideational tasks), suggest-
ing problems with generating new ideas based on a rule, 
which could affect the generation of language items for 
the production of speech. Impairments in switching 
between concepts in children with SLI are not generally 
found when appropriate controls for component skills 
(which are often weaker) are included.

The fact that children with SLI have difficulties with 
EF implies that their problems are not entirely limited 
to the language domain. Current theorizing about SLI 
tends to reflect two approaches: (1) there is a delay or 
deficit specific to the language domain, particularly 
grammar; or (2) there are more general processing 
deficits (in working memory, processing speed, or pro-
cedural memory). This latter model is more consistent 
with findings that children with SLI have weaknesses 
in EF, but such a conclusion remains controversial.

Overall, even if the causal mechanisms underly-
ing potential relationships between language devel-
opment and EF require further investigation, links 
between language development and EF have been 
demonstrated. These are found both in terms of 
advanced EF development in bilingual children and 
delays in the development of EF in children with SLI.

New	Directions
One avenue for research in the area of EF and lan-
guage development and processing is to look at the 
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role of inner speech. In the context of EF research, 
inner speech refers to using language to mediate 
performance. Individuals may speak to themselves 
to regulate and plan performance, usually subvo-
cally, but often out loud in the case of younger chil-
dren (this overt self-talk is often described as private 
speech). The extent to which inner speech is used in 
EF tasks is not entirely clear, but current evidence 
suggests that it is used for strategic planning tasks. 
However, systematic research into the links between 
inner speech and EF performance is lacking on all 
but a limited range of EF tasks. It may also be worth-
while to consider whether developments in EF play 
a role in the facilitation of inner speech. Skilled EF 
performance requires self-monitoring and aware-
ness of different strategic options, so developments 
in EF could lead to greater awareness of the strategic 
benefits of inner speech. Future work, therefore, has 
the potential to highlight important developmental 
changes in the use of self-directed language to regu-
late performance on EF tasks.

Lucy A. Henry
City University of London
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Fast	Mapping	in	Lexical	
Development
The first time children encounter a new word, they 
form a rough-and-ready hypothesis about its mean-
ing on the basis of the linguistic and nonlinguistic 
context in which the word is heard, a process known 
as fast mapping. Fast mapping is made possible by the 
child’s possession of a set of word-learning biases or 
assumptions, which serve to limit the set of hypoth-
eses the child will consider about a new word’s mean-
ing. Fast mapping is particularly facilitated by the 
child’s bias to avoid overlap between the meanings of 
words. Words are assumed to be mutually exclusive in 
their reference, such that each word’s meaning con-
trasts with all others. Thus, on hearing an unfamil-
iar word, the child is immediately able to rule out all 
potential meanings for which she already has a label 
in her lexicon and fast map the word to a referent for 
which she has no lexical entry.

The term fast mapping was coined in the 1970s by 
Susan Carey and Elsa Bartlett, who demonstrated that 
3- and 4-year-old children could learn the meaning of 
an unfamiliar word during their first encounter with 
it. Children were asked to bring their nursery teacher 
“the chromium tray, not the blue one, the chromium 
one.” Drawing on their assumption that words con-
trast in meaning, children selected an unfamiliar 
olive-green tray over the alternative blue one; more 

than half of the children pointed to the correct color 
among an array of nine colored strips one week later, 
showing that they had retained the meaning of the 
word chromium. Using a similar procedure, Tracey 
Heibeck and Ellen Markman showed that young chil-
dren fast map words to shapes and textures as well 
as to colors and that toddlers as young as 2 years of 
age rapidly acquire basic representations of words in 
the same way as older preschoolers. This work also 
showed that learning was equally robust whether a 
new label was introduced in an explicit contrast with 
a known word (“the chartreuse one, not the red one”) 
or in an implicit contrast (“the chartreuse one, not the 
other one”), suggesting that children rely on the non-
linguistic context as much as the linguistic context to 
draw inferences about a new word’s meaning.

Since this early work, numerous experimental stud-
ies have confirmed that young children are immediately 
able to identify the referent of a new label by contrast-
ing it with existing lexical entries. This work has largely 
focused on fast mapping of object names; studies typi-
cally present children with one unfamiliar object along-
side one or more familiar objects and ask for the unfa-
miliar object by means of a novel label (“May I have the 
lep?”). Following this procedure, Carolyn Mervis and 
Jacqueline Bertrand demonstrated the significance of 
fast-mapping skills for children’s lexical development 
between 16 and 24 months; they identified a close tem-
poral relationship between a child’s success at selecting 
a novel object in response to a novel label and the onset 

F



of a spurt in the child’s vocabulary growth. Preferential 
looking studies have since been able to pinpoint the age 
of emergence of fast-mapping ability more precisely. 
For example, Justin Halberda found that, at 17 months, 
but not before, infants looked longer at a picture of a 
novel object than at a picture of a name-known object 
when they were asked to “Look at the dax!”

How a label that has been successfully linked to the 
target referent in a fast-mapping context becomes a 
known word in the child’s lexicon is less well under-
stood. Recent work distinguishes the processes 
involved in forming initial word-referent mappings 
(referent selection) from those involved in establish-
ing permanent entries in the lexicon (novel word 
retention). Jessica Horst and Larissa Samuelson found 
that, although 24-month-old children systematically 
selected an unfamiliar object from an array of familiar 
objects in response to a novel label, children were very 
poor at retaining the novel words introduced on these 
fast-mapping trials. Retention was boosted only when 
the experimenter held up and labeled the novel object 
following the child’s selection. Horst and Samuelson 
suggest that, while the presence of familiar objects sup-
ports the child’s initial selection of the unfamiliar tar-
get in response to a novel label, competition between 
the known and unknown objects subsequently hinders 
learning of the new word. Manipulation of the target’s 
salience through ostensive labeling supports the child 
in inhibiting the competing influence of distracter 
items, facilitating retention of the new label.

Further work has explored the content of the 
lexical representation constructed at a word’s initial 
exposure and how this develops over time. Success at 
fast-mapping tasks requires only a sparse representa-
tion of a word’s meaning (that chromium does not 
mean blue or that dax does not mean car, e.g.), and 
the preliminary representations that are established 
in this way are therefore likely to include only partial 
information about the word. Research has shown that 
after a single encounter, children may have an aware-
ness of the domain to which a word belongs, shown 
by their offering of appropriate contrasts between the 
new word and existing items in their vocabulary (e.g. 
answering soft, if prompted, “It’s not fibrous because 
it’s . . .”). However, a more detailed, adultlike under-
standing of the word is likely to be acquired through 
an extended or slow mapping process, involving mul-
tiple further encounters with the word in context. 
This is particularly the case for nonnominal word 
classes, although children may also require multiple 

encounters with the names of basic-level categories to 
gain a full appreciation of their semantic properties. 
Similarly, while one or two repetitions of a word may 
support the construction of a sufficiently accurate 
phonological representation for a child to be able to 
produce an approximation of the word form, many 
more exposures may be required for a child to show 
full mastery of a word’s phonological detail. 

It is worth noting that, although the term fast map-
ping was initially formulated to denote the child’s 
ability to rapidly infer the reference of a new label 
in contexts that provide no explicit indication of its 
meaning, researchers often use the term more loosely 
to refer to word learning in ostensive as well as non-
ostensive contexts and to both one-shot learning and 
the learning that results from multiple exposures to 
word-referent pairings. This work has shown that, 
when the context presents little ambiguity about the 
pairings to be learned, toddlers as young as 14 or 15 
months of age can acquire these on the basis of just 
a few simultaneous presentations of labels and their 
referents. Much work has investigated the nature of 
the mechanisms that support such rapid learning. For 
example, Lori Markson and Paul Bloom compared 
preschoolers’ learning of associations between an 
object and a label (koba) or an arbitrary fact (e.g., “My 
uncle gave this to me”). The equivalence of children’s 
learning of names and facts in this study suggests that 
fast mapping may be a domain-general, rather than 
language-specific, learning mechanism. 

The proposal that fast mapping depends on gen-
eral cognitive processes is supported by reports 
of similar abilities in nonhuman species. Juliane 
Kaminski and her colleagues reported the case of 
Rico, a border collie with a vocabulary of around 200 
words; under controlled conditions, Rico was able to 
fetch a named object with a 92 percent success rate. 
When Rico was asked to fetch an unfamiliar item 
among a set of familiar objects by means of a novel 
label, he demonstrated exclusion learning by select-
ing the unfamiliar object as the referent of the new 
word, and he remembered some of the new labels 
for several weeks. Rico’s demonstration of fast map-
ping appears very similar to that displayed by young 
children, from its basis in an assumption of mutual 
exclusivity between words to the duration of the lexi-
cal entries acquired through this process. 

Carmel Houston-Price
University of Reading
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Filler	Syllables	and	
Acquisition	of	Grammatical	
Morphemes
Filler syllables are most often defined as unstressed, 
undetermined, unglossable monosyllabic elements, 
often vocalic or nasalized, that are produced by chil-
dren in the prelexical position of words (more pre-
cisely, of segmental sounds identified as children’s 
renditions of target words). This phenomenon is illus-
trated by the sounds /a, ∂, e, n, ng/, for example, for 
English, ∂dog, ∂’hot, n’down, n’go, or for French, /agy/, 
‘grue,’ [crane], /∂’pik/, ‘pique,’ [sting], /e’sin/, ‘difficile,’ 
[difficult]. At the time of their systematic production, 
fillers may precede words that children used earlier, 

and continue to use, without such elements (e.g., the 
child produced hot before the appearance of /∂’hot/ or 
/gy/ before the appearance of /agy/, productions that 
could also persist after the appearance of fillers).

Fillers are defined as additional sounds in relation 
to the target word and are thus distinguished from 
word-initial sounds that can potentially represent a 
target syllable (e.g., in French, the /a/ in /agy/ is a filler 
because it is additional relative to the target /gy/; in 
contrast, the /a/ of /apo/ for the target /∫apo/ ‘chapeau,’ 
[hat], potentially represents the target syllable /∫a/).

Fillers usually appear in children’s speech produc-
tion in the late part of the single-word period and can 
last for several months. Developmentally, they are 
reported to occur with different profiles. They may be 
produced in low proportions and grow at a relatively 
slow pace until finally decreasing, or they may present 
a sudden increase, remain at a certain level of produc-
tion, and then decrease with a tendency to disappear. 
They may also resurge at later developmental periods.

Fillers are attested in the early speech of children 
acquiring languages such as Dutch, Danish, English, 
French, German, Greek, Hebrew, Italian, Japanese, 
Norwegian, Portuguese, Sesotho, Spanish, Swedish, 
or Welsh. Children acquiring certain languages (e.g., 
Welsh and Japanese) may produce less fillers than 
children acquiring other languages (e.g., English and 
French), but given the heavy influence of individual 
variation, conclusions must await further research.

Within the same language, not all children are 
reported to produce fillers. Moreover, children who 
do produce fillers do not produce them before every 
word, and the same word may be produced by the 
same child both with and without a filler, apparently 
meaning the same thing. Thus, the production of 
fillers seems to be characterized by cross-linguistic, 
inter-individual and intra-individual variation (some 
recent accounts provide initial evidence that intra-
individual variation might be explained, at least in 
part, by discursive and pragmatic variables).

Although historically fillers were already noted in 
the late 18th century by authors that kept diaries of 
their children, they have only recently been analyzed 
in relation to the acquisition of morphology and 
early syntax. Various terms have been used for this 
phenomenon, depending on researchers’ focus and 
theoretical perspective, such as prelexical additional 
elements (PAE, theoretically neutral), presyntactic 
devices, phonological extensions, and placeholders. 
However, the term fillers is the most established and is 
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now used without a particular preconceived interpre-
tative framework.

Fillers are a complex phenomenon at the intersec-
tion of phonology, morphosyntax, and the lexicon. 
They are currently the object of renewed interest. 
Their function and meaning for the child and the kind 
of knowledge that they can reveal are still the objects 
of ongoing debate. Some authors have seen fillers as 
children’s attempt to extend one-word utterances 
without as yet combining meanings. At present, fill-
ers are mostly linked to the emergence of grammatical 
morphemes. Although there is common understand-
ing that fillers are in continuity with the grammatical 
morphemes that appear later in development, posi-
tions differ with respect to the nature of the link and 
the kind of grammatical knowledge that fillers reflect 
through development.

Some authors consider that fillers are children’s 
early attempts to produce grammatical morphemes 
and reflect early grammatical knowledge. One major 
argument is that fillers occur in syntactic slots where 
grammatical morphemes are expected to occur. For 
example, in English, French, and Italian, they tend to 
occur in the prenominal position, where determin-
ers are expected, and in the preverbal position, where 
pronouns, modals, or prepositions are expected.

Alternatively, other authors consider that there are 
two filler periods, not just one: (1) a pre-morpholog-
ical period, when fillers, although they may be based 
on morphological elements, do not reflect knowledge 
of their grammatical function but reflect phonopro-
sodic regularities of the language; and (2) a proto-
morphological period, when fillers are selectively 
used in prenominal and preverbal positions (showing 
differential occurrence and difference in the quality of 
the filler) and well-formed grammatical morphemes 
occur in alternation with fillers. One major argument 
for the existence of a pre-morphological period is the 
tendency for fillers to occur with monosyllabic targets 
and to render multisyllabic targets with a vowel onset 
that potentially represents a syllable belonging to the 
target word. The morphological period is reached 
when fillers decrease considerably; children pro-
duce mostly well-formed grammatical morphemes, 
as much in monosyllabic as in multisyllabic target 
words; and obligatory contexts for the presence of a 
grammatical morpheme are filled at least 90 percent 
of the time.

In all cases, fillers show that children pay early atten-
tion to elements that are grammatical morphemes in 

the language and either manifest or promote gram-
matical advances.

Much more research is needed to clarify the link 
between fillers and later grammatical morphemes, 
particularly research that analyzes children’s overall 
production rather than selected positions (e.g., only 
the determiner position in noun phrases [NPs] or the 
grammatical morphemes involved in verbal construc-
tions). Consideration should be given to language dif-
ferences and to properties of the input. Consideration 
should also be given to individual and developmental 
differences. Different children may use fillers for differ-
ent purposes (phonoprosodic, protomorphological, or 
discursive), and their function may change depending 
on the period of language acquisition children are in. 

Edy Veneziano
University Paris Descartes–CNRS

See	Also:	Auxiliary and Modal Verbs; Grammatical 
Categories; Morphological Development; Phonological 
Templates.
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Finite	Verbs
Studies of early language development have focused 
largely on the acquisition of concrete nouns. How-
ever, in the past 30 years, researchers have turned their 
attention to other word types, including verbs. Most 
research has focused on investigations of how chil-
dren learn finite verbs, which serve as the main verb 
of the sentence. In general, studies of children’s early 
vocabularies have shown that children begin produc-
ing verbs from the earliest stages of production but 
that, across languages, they also often exhibit a noun 
bias, particularly before 2 years. Thus, a key develop-
mental period for verb learning begins at around 24 
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months and continues until the ages of 3½ or 4 and 
perhaps later. Most developmental researchers have 
thus focused on investigating verb learning beginning 
at 2 years, although recent studies linking infant event 
processing to verb learning include younger toddlers. 
Researchers have documented and analyzed children’s 
verb productions in naturalistic contexts across many 
languages to better understand links between paren-
tal speech and child speech, as well as the course of 
the acquisition of particular verbs and their syntac-
tic uses. A focus of most laboratory studies has been 
to test children’s ability to link a new verb to a novel 
event under differing conditions.

Learning a verb is a complex problem because, as 
described by Dedre Gentner, verbs refer to dynamic 
events that must be parsed from an ongoing stream 
of actions; specific verbs refer to different elements of 
the same events, and the verb category varies across 
languages in the ways in which common elements 
(e.g., the path of the action or the manner in which 
an action unfolds) are incorporated in verb meanings. 
There are currently two main theories that have been 
proposed to account for verb learning, a domain-spe-
cific and a domain-general account. 

The domain-specific account, proposed by Lila 
Gleitman, posits that children use syntactic bootstrap-
ping to learn verbs. Specifically, children have innate 
knowledge of possible grammatical rules (principles 
and parameters), which, by 2 years, they have linked 
to patterns in their native language. They thus come 
to verb learning with an understanding of syntax or 
grammar, including formal categories of subject and 
direct object, noun, and verb. When hearing a new 
verb in a sentence (or across a set of sentences), they 
use their knowledge of syntactic structure as a mental 
zoom lens to direct their attention to key elements of 
events. Evidence for this view comes from studies by 
Leticia Naigles, Cynthia Fisher, and others, typically 
using a preferential looking procedure. For example, 
studies show 2-year-olds can infer that novel verbs 
in transitive sentences (e.g., “The duck is gorping the 
bunny.”) refer to causative, two-participant events, 
and verbs in intransitive sentences (e.g., “The duck 
and bunny are gorping.”) refer to noncausal, one-
participant events. Children also can use a dialogue 
between two adults that includes a novel verb to infer 
which type of event the verb refers to when they later 
see a video event. Questions raised concerning this 
view have focused on the level of syntactic under-
standing children have or need (e.g., full competence 

or partial knowledge) to be able to perform well in 
these tasks.

The domain-general account, proposed by Michael 
Tomasello, has evolved from a description of verb 
learning as a process by which children create and 
store verb islands to a more current instantiation as an 
item-based approach with links to construction gram-
mar. In this view, verb learning is a piecemeal process, 
with children learning verbs one at a time. Learning a 
verb involves storing in memory adult utterances that 
contain that verb and abstracting from those utter-
ances argument slots that fit a particular verb (e.g., 
cutter and thing cut and drawer, thing drawn, and thing 
drawn with). Future uses of a particular verb are tied 
to these lexically specific patterns, and thus, children 
are predicted to be conservative in verb production 
until they can abstract a more verb-general category 
(e.g., agent). An additional aspect of this view is a 
focus on the social context in which verbs are heard, 
including children’s attention to pragmatic informa-
tion and their use of joint attention to infer a speaker’s 
perspective. Examples of findings from this approach, 
which have been tested using naturally occurring 
speech data and behavioral enactment procedures, 
are that children learn best when verbs are heard in 
impending contexts and that hearing repeated sen-
tences with pronouns helps children later produce 
new verbs in similar sentences. Questions that arise 
in response to this view include how children emerge 
from their early conservatism, first described by Janel-
len Huttenlocher, to become productive users of verbs 
by 4 or 5 years, as documented by Melissa Bowerman.

A current direction in verb research is to investi-
gate how children go beyond learning an initial link 
between a verb and an event and begin to extend 
the verb appropriately to new situational and syn-
tactic contexts. Cross-situational learning is likely 
fundamental to these extensions, and verb research-
ers are beginning to propose and test different mod-
els to describe how this cross-situational learning 
may occur. Additionally, the use of new eye-tracking 
devices is allowing researchers to track children’s eye 
movements as they view events, which could yield 
insights into how they learn and extend new verbs.

Jane B. Childers
Trinity University

See	Also:	Argument Structure; Aspect; Auxiliary and 
Modal Verbs; Cross-Situational Word Learning; Event 
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Perception and Language Development; Grammatical 
Categories; Lexical Development; Motion Expression; 
Noun Bias in Word Learning; Preferential Looking/Head-
Turn Preference Procedures; Syntactic Bootstrapping; 
Syntactic Development: Construction Grammar 
Perspective; Word-to-World Mapping.
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First	Language	Attrition	
and	Loss	in	Bilinguals
It is often assumed that, once acquired from child-
hood, first or native language knowledge is stable, at 
least in adults, and does not go away easily in situa-
tions of reduced exposure and language disuse. How-
ever, first language development and native speaker 
knowledge can be profoundly shaped by the environ-
ment, and this is especially significant in bilingualism 
where context of use and amount of input in each 
language can vary. In fact, it is common for bilingual 
individuals to experience fluctuations in fluency and 
proficiency in their languages throughout their life 
spans, particularly if there is a significant change in 
the linguistic environment, as in the context of large-
scale immigration.

First language attrition is characterized as the grad-
ual forgetting of aspects of the native language by a 

healthy native speaker, and it takes place at the individ-
ual level in contexts where the native language begins to 
be used less often. It is essentially when a native speaker 
becomes a nonnative speaker of his or her own first 
language due to difficulties with lexical retrieval, reli-
ance on code switching to fill out lexical gaps, changed 
pronunciation, structural changes, avoidance of less 
frequent or complex structures, and overuse of other 
structures due to transfer from the dominant language. 
More specifically, language attrition can affect pho-
netic values in pronunciation or lead to simplification 
of verbal paradigms, erroneous classification of nouns 
according to their gender, and overuse of pronouns, 
depending on the type of language. Some of these 
changes can be due to cross-linguistic influence from 
the second language or simply to reduced frequency of 
use and reduced processing speed.

Language attrition can be minor, targeting lexical 
retrieval and spontaneous production of some infre-
quent structures, as in many adult immigrants with 
more than 10 years of residence in a host country; it 
can be more pervasive, affecting morphosyntax and 
phonology, as in children of immigrants and immi-
grant children; or it can lead to almost total loss and 
inability to remember anything at all, as in the case of 
many foreign adoptees. The factors that seem to play 
a role in determining the degree and extent of attri-
tion are age of onset of bilingualism (children versus 
adults) and availability of input and use (reduced 
versus completely interrupted input). There is also a 
belief that attitudinal factors, identity, and motivation 
play roles in the degree of first language attrition, but 
these have resisted rigorous empirical investigation.

Situations of reduced input conditions occur 
when immigrants and their children largely use the 
second language in their daily lives and still use their 
first language, though less often. The most common 
situation of interrupted input is when an individ-
ual is removed from the native language linguistic 
environment and input in the first language stops 
altogether, as in the vast majority of cases of foreign 
adoption. In adoption and nonadoption contexts, 
the younger the age of immersion in a second lan-
guage environment, at the expense of first language 
use, the greater the extent of first language attrition 
in areas of phonology, vocabulary, morphosyntax, 
semantics, and pragmatics. Thus, first language 
attrition is evidenced earlier and with more dra-
matic effects in the grammatical abilities of children 
than adults. Secondly, the quantity of input in the 
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first language matters, including access to literacy. 
Children who have achieved some literacy skills in 
their first language are more likely to retain the lan-
guage than those who have not. 

The extent of first language attrition is less severe 
in immigrant children who live with their parents 
and continue to be exposed to the language, even if 
minimally, than in internationally adopted children 
whose exposure and acquisition of the first language 
is abruptly interrupted at the age of adoption. In 
essence, it is more likely for internationally adopted 
children than for nonadopted immigrant children 
to exhibit seemingly total loss of their first language 
because, in those cases, input in the first language is 
replaced by input in the second language. The ear-
lier the age of adoption, the more extensive the loss. 
Children who are adopted as infants have no recol-
lection of their first language, whereas those adopted 
in childhood may retain some traces of phonological 
perception and some vocabulary.

Finally, a distinction must be made between first 
language attrition and incomplete acquisition, the lat-
ter often assumed as part of attrition in many empiri-
cal studies of childhood bilingualism. Attrition implies 
that a linguistic system had a chance to develop fully 
and then eventually underwent changes and loss in 
some structural domains (i.e., it regressed). It is easier 
to test and document first language attrition in adults 
than in children because adults by definition have 
already completed their language learning process. But 
when a change in the linguistic environment occurs in 
childhood due to intensive exposure to a second lan-
guage, the child may not have had a chance to fully 
learn all of the properties of their first language (mor-
phology, complex sentences, etc.). If structural prop-
erties have not had sufficient time to develop at age-
appropriate levels before the change in the linguistic 
environment, this is better characterized as incomplete 
acquisition than language attrition. 

Conclusion
One cannot lose something that has not been 
acquired in the first place. First language attrition and 
incomplete acquisition in childhood are not mutually 
exclusive, however, and can coexist. In fact, there even 
could be incomplete acquisition of a certain prop-
erty, which is not mastered at age-appropriate levels 
and suffers further regression later on. The ideal way 
to document attrition and incomplete acquisition 
in both children and adults is through longitudinal 

studies spanning several years, but very few studies of 
this sort have been done.

Silvina Montrul
University of Illinois at Urbana–Champaign
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Focal	Lesions	and	Language	
Development
The study of language development in children with 
early unilateral focal brain lesions provides a unique 
opportunity to investigate the relationship between 
language function and its cerebral substrate.

Focal lesions involving left language areas in chil-
dren have relatively mild consequences on language 
development in comparison with similar injuries 
acquired later in adulthood, both in the case of lesions 
acquired in the pre-perinatal periods (PFL) and in the 
case of lesions acquired after language onset. Whether 
the lesions occur before or after the onset of speech 
and language acquisition is a crucial factor determin-
ing language outcome.

A series of studies on the early phases of language 
acquisition of children with pre-perinatal left- and 
right-hemisphere focal lesions (LHL, RHL) report 
delays in achieving early language development 
milestones, including late onset of babbling and first 
words. Children aged 10 to 17 months with RHL were 
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at greater risk for delay in word comprehension and 
in use of gestures than children with LHL, indicating 
that the right hemisphere may play a crucial role in 
early language comprehension and acquisition of ges-
tural communication. Children aged 10 to 44 months 
with lesions involving the left temporal lobe showed 
significantly greater delay in expressive vocabulary and 
grammar. However, unlike adults with focal left tem-
poral injuries (who show fluent aphasia often accom-
panied by moderate to severe deficits in comprehen-
sion), children with left temporal injuries do not show 
comprehension deficits associated with delays in pro-
duction and do not manifest true aphasic symptoms. 

In general, children with LHL or RHL go on to attain 
good functional language abilities in free speech situa-
tions during school age. They catch up with their peer 
level of basic grammar rules without a specific deficit 
in grammatical morphology; in particular, they do not 
show misuse of past-tense inflections, a hallmark defi-
cit in children with specific language impairment. 

Studies on story-retelling tasks indicate that, up to 
7 years of age, children with PFL score significantly 
lower than age-matched controls on both morphosyn-
tactic and broader narrative indices, while older chil-
dren perform within the normal or low-normal range. 
However, the few systematic studies conducted on the 
most complex aspects of language in school-age chil-
dren with PFL reported that they have subtle impair-
ments under demanding circumstances independently 
of the hemispheric side of lesion. In fact, when per-
forming language tasks that require the integration of 
form, content, and memory, such as the Clinical Eval-
uation of Language Fundamentals (CELF-R), children 
with PFL scored in the low-average to below-average 
range on both expressive and receptive tasks.

Moreover, in a story generation, a more complex 
task in comparison to story retelling, they presented 
difficulties in a variety of measures, including narrative 
length, diversity of vocabulary, and narrative structure. 
Furthermore, some studies indicate that children with 
PFL are at risk of showing academic difficulties.

As far as lesion side is concerned, the hemispheric-
specific differences in linguistic proficiency disappear 
after 5 years of age. However, one of the strongest 
predictors of language and academic difficulties is the 
presence of seizures, probably because of their detri-
mental impact on plasticity of the developing brain.

The neural substrate of language reorganization 
has also been studied, particularly with functional 
magnetic resonance imaging (MRI) during expressive 

linguistic tasks. These studies have documented exten-
sive interhemispheric language reorganization, the 
most remarkable being the transfer of verbal functions 
to the homologous areas of the right hemisphere in chil-
dren with left PFL. This reveals the extraordinary plas-
ticity of the developing brain, allowing the reallocation 
of language functions in alternative regions, resulting 
in satisfactory functional language after pre-perinatal 
focal brain lesions. However, the cost of this reorgani-
zation is a slow rate of development and a weakness in 
more complex language and academic skills.

The studies on unilateral focal lesions occurring 
later in childhood show that the timing of the lesion 
may be the crucial factor determining language out-
come. LHLs occurring after the acquisition of the first 
words and sentences may result in acquired childhood 
aphasia (ACA), a rare condition with traumatic, vascu-
lar, infection, and tumoral origins. Different compo-
nents of language are vulnerable to acquired damage, 
though there is a high frequency of mutism and non-
fluent telegraphic speech with omissions or substitu-
tions of function words and morphological inflections, 
at least in children who become aphasic before 9 years 
of age. The studies on long-term recovery from ACA 
confirm a better prognosis from aphasia in children 
than in adults, although in some cases, the recovery 
can be incomplete. Language recovery in children with 
ACA is determined by a complex interaction between 
different variables, the most relevant of which seem to 
be aetiology and age at onset. However, the prediction 
that earlier is better has not always been confirmed. 

The studies outlined above on the long-term out-
come on childhood focal lesions indicate that illusory 
recovery can occur, given the presence of subtle oral 
language weaknesses and learning difficulties in spite 
of apparent good functional recovery. Extensive and 
repeated language evaluations are therefore needed 
in order to reduce the likelihood that subtle but sig-
nificant language deficits may go unrecognized and to 
put appropriate support in place to manage academic 
difficulties.

Anna Maria Chilosi
University of Pisa

See	Also:	Age of Acquisition Effects; Assessment 
of Language Abilities; Critical Period in Language 
Development; Functional Brain Imaging Methods in 
Language Development; Neural Basis of Language 
Development; Specific Language Impairment (Overview).
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Frequency	Effects	in	
Language	Development
Until recently, frequency received little attention in 
child language research. In the nativist approach, it is 
generally assumed that language acquisition involves 
a universal set of innate categories that are not imme-
diately affected by frequency. However, there is now 
increasing evidence that language development is 
crucially influenced by the child’s experience with 
concrete words and utterances and that frequency of 
occurrence plays an important role in the acquisition 
of grammatical categories.

Two general types of frequency are commonly dis-
tinguished to characterize the effects of frequency in 
language: (1) token frequency, that is, the repeated 
occurrence of a particular word or construction (in a 
given corpus or time frame); and (2) type frequency, 
that is, the number of distinct types that are sub-
sumed under a particular category. For instance, this 
entry includes 22 tokens of the noun frequency and 
more than 300 different types of the category noun 
(e.g., frequency, language, and development).

Token frequency strengthens the representation of 
linguistic elements in memory, which in turn facilities 
their activation in future language use. For instance, 
the more often a speaker encounters a technical term 

such as neologism, the more easily he or she will 
remember it. Type frequency, by contrast, is assumed 
to correlate with linguistic productivity. In general, 
the more types that are subsumed under a category, 
the higher the probability that it will be extended to 
novel uses. For instance, the English past tense is com-
monly expressed by the suffix –ed (e.g., walk/walked), 
but there are also several irregular past-tense forms 
(e.g., sing/sang, keep/kept, and hit/hit). Because the 
regular past tense subsumes a much larger number 
of verb types than the irregular past tense forms, it is 
more likely to be applied to novel verbs than any of 
the irregular forms (e.g., google/googled).

One aspect of language development that has been 
analyzed in light of (token) frequency is the order of 
acquisition. There is evidence from a wide range of 
studies that the frequency of linguistic elements in the 
ambient language (i.e., the language children experi-
ence) correlates with their (first) appearance in child 
language. However, as frequency is not the only factor 
influencing the order of acquisition, frequent expres-
sions do not generally appear prior to infrequent 
ones. In order to assess the impact of frequency on 
the course of language development, child-language 
researchers have investigated input frequency in con-
junction with other aspects of the ambient language 
that may affect the order in which linguistic elements 
are learned, for example, the complexity of words and 
constructions, their communicative functions and 
perceptual salience, and their semantic and structural 
relationships to other items and constructions. How-
ever, because some of these factors are not indepen-
dent of frequency, it is often difficult to determine the 
relative effect of frequency on the order of acquisition.

In addition, frequency plays an important role in 
children’s distributional analysis of the ambient lan-
guage. Language is a sequential medium in which mor-
phemes, words, and phrases are combined to strings of 
linguistic elements. Analyzing these strings is an impor-
tant aspect of language development that is crucially 
influenced by (type and token) frequency. The more 
often two or more linguistic elements are combined to 
a string, the stronger the connection is between them, 
which can be expressed in terms of transitional prob-
abilities or related statistical measures. 

For instance, because the word blue is more fre-
quently combined with sky than with sun, blue sky 
constitutes a tighter string than blue sun, as indicated 
by the fact that the transitional probability between 
blue and sky is higher than that between blue and sun. 
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The same approach can be used to analyze the dis-
tributional properties of grammatical categories: As 
adjectives are usually placed before nouns, the string 
adjective–noun (e.g., the best solution) is more tightly 
organized than the string noun–adjective (e.g., the 
best solution possible), which has a very low transi-
tional probability in English.

Because the linguistic strings of the ambient lan-
guage include many inconsistencies (e.g., false starts, 
hesitation signals, and repairs), it was long assumed 
that distributional cues (or transitional probabilities) 
are only of minor importance for language learning. 
However, recent corpus studies revealed that the 
ambient language is much more regular in this regard 
than previously assumed. For instance, Martin Red-
ington, Nick Chater, and Steven Finch showed that 
there are strong distributional cues for grammatical 
categorization in the language preschool children 
experience, which could help them to acquire syntac-
tic categories. For instance, as nouns and verbs are 
accompanied by different function morphemes, chil-
dren could use the distribution of frequent grammat-
ical markers such as a, the, is, has, and will to learn the 
grammatical distinction between nouns and verbs. 
Subsequent studies demonstrated that the distribu-
tional cues of the ambient language are even more 
powerful if they are analyzed together with phono-
logical and semantic features.

Complementary to this line of research, child-lan-
guage researchers have investigated children’s ability 
to recognize distributional regularities in continuous 
speech. The results of this research suggest that young 
children are extremely sensitive to transitional prob-
abilities between adjacent words and categories. For 
instance, in a seminal study, J. Saffran, R. Aslin, and  
E. Newport exposed 8-months-old infants to four 
nonce words that were combined to a continuous 
string of meaningless elements (e.g., tupiro-bidaku-
padoti-bidaku). After training, the infants were tested 
under two conditions. In one condition, they listened 
to a new string of the same four nonce words in ran-
dom order (e.g., bidaku-tupiro-golabu-padoti), and in 
the other condition, they heard a random string of 
syllables that were formed from the syllables of the 
four nonce words (e.g., bi-tu-ro-da-ti-ku-ti-go-pa-
do). Because there were fewer words than syllables, 
the transitional probability between words (condition 
1) was higher than that between syllables (condition 
2). Although the infants had heard the nonce words 
for only two minutes during training, they noticed 

the different transitional probabilities in the two con-
ditions, suggesting that they had identified the four 
nonce words as conventionalized linguistic units.

Subsequent studies showed that young children are 
also able to extract syntactic categories from continu-
ous speech based on distributional regularities. In one 
of these studies, Rebecca Gomez and LouAnn Gerken 
taught 12-month-old infants an artificial language 
consisting of a set of nonce words that appeared in 
five different sentence types distinguished by word 
order. The study showed that children are able to 
abstract away from the particular properties of indi-
vidual words and to subsume them under general 
syntactic categories based on similar (or identical) 
distributional properties.

Together, these studies provide strong evidence for 
the importance of frequency in (first) language acqui-
sition. Frequency is the driving force of general cogni-
tive processes that are involved in inductive learning 
and that are not only relevant for language develop-
ment but also for many other cognitive phenomena 
that are grounded in experience.

Holger Diessel
University of Jena
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Functional	Brain	Imaging	
Methods	in	Language	
Development
Language develops in children while, at the same 
time, the brain anatomically matures. Certainly, there 
are two key factors that enable the development of 
language in infants and children: the nature of the 
biological foundation of the brain and its matura-
tion over time, on the one hand, and the nurture of 
sensory, intellectual, and social input into this emer-
gent system, on the other. Both factors are assumed 
necessary for a regular development of this uniquely 
human capability, which is to comprehend and 
express language.

From behavioral methods in the study of language 
development, we have learned enormously about the 
developmental steps of language processing in infants 
and children. These steps have been described in 
detail: early phoneme discrimination and prosodic 
differentiation, the buildup of phonemic registers, 
and the acquisition of the mother tongue’s stress 
pattern, the comprehension and production of first 
words and lexical learning, one-word and multiword 
utterances, and the comprehension and production 
of syntactic structures. Much less, however, is known 
about the neural underpinnings of these abilities, and 
they are still not fully understood. 

The reasons for the much sparser literature on the 
neural correlates of the processes of the emerging 
language system are twofold. First, animal models or 
cellular and molecular methods are not applicable for 
the investigation of a cognitive function such as lan-
guage processing. Second, magnetic resonance imag-
ing (MRI) methods that provide the most compre-
hensive imaging data about functional processes and 
structural anatomy are not easily applicable to infants 
and young children. But, brain imaging methods 

nowadays are able to provide an exclusive access to 
the anatomy and neurophysiology of the brain and 
functional brain processes. MRI images deliver direct 
information about the functioning of cognitive pro-
cesses and the anatomy of the relevant gray-matter 
and white-matter structures of the brain. 

The basic mechanisms of brain imaging are the 
magnetic properties of hydrogen protons that align in 
a magnetic field as well as the resonance of the proton 
spin in a frequency that is proportional to the magnetic 
field strength. Brain imaging uses these effects and 
measures the small electric signals that are evoked by 
them in a receptor coil. By this approach, information 
can be obtained about tissue properties, and this can 
be used to answer questions about anatomical param-
eters of the brain or particular confined brain regions 
and about changes during the structural maturation 
of the brain. Furthermore, this information can also 
be used to investigate functional processes. Functional 
MRI (fMRI) is enabled by a related effect that is evoked 
by the hemoglobin (red blood cells). The basic source 
behind this effect is the presence of iron ions in hemo-
globin molecules. These molecules are the main carri-
ers of oxygen in the human body being transported in 
the hemoglobin’s oxygen-binding sites, which contain 
iron ions as a core units. 

Thus, a hemoglobin molecule can be found either 
with oxygen bound to it or without (now carrying car-
bon dioxide). Any brain process evokes metabolic con-
sumption, which is reflected in an increase in regional 
cerebral blood flow and oxygen supply to the specific 
brain region, and the regional ratio of oxygenated to 
deoxygenated hemoglobin increases. Now, because the 
MRI technique relies on the magnetic properties of 
spinning protons, and second, because iron also con-
tains magnetic properties, the presence of iron in the 
vicinity of hydrogen alters the magnetic effects of the 
spinning protons in a magnetic field. But in the case of 
oxygenated hemoglobin, the oxygen acts like an insu-
lator on the iron and shields the magnetic influence 
of the iron ion on the hydrogen protons to a certain 
degree—a small effect but enough to yield measurable 
effects. This means that for measuring the functional 
activity in a specific brain region, the measured signal 
from the hydrogen protons of this region is larger and 
more stable if the surrounding hemoglobin is oxygen-
ated (the region is functionally active; i.e., a larger sig-
nal is obtained in the receiver coil).

By this technique, functionally relevant brain areas 
can be identified under specified task conditions. For 
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language processing in the adult brain, a set of regions 
mainly, but not exclusively, in the left hemisphere of 
the brain has been described. The most prominent of 
these brain regions are Broca’s area in the left inferior 
frontal cortex and the posterior portion of Wernicke’s 
area in the left superior temporal cortex (see Figure 
1). A. D. Friederici provides a comprehensive review 
of language processing in the adult brain.

Early functional imaging research on language 
development in children addressed questions about 
language-related brain processes in the more general 
sense of language processing or examined language 
lateralization as a function of broad task require-
ments, such as word generation or text comprehen-
sion. The language-relevant cortices in frontal and 
temporal regions, as known from adults, have been 
found active in the immature language systems of 
children as well. Also, lexical–semantic processes at 
the word level have been described to recruit com-
parable inferior frontal and superior temporal areas 
in children as in adults. The cortical regions appear, 
however, not yet capable of the same computational 
mechanisms and specializations as observed in adults. 
Functional lateralization to the left hemisphere has 
been shown to be evident as early as 3 months of age 

and even in newborns. In the domain of language pro-
duction, a number of fMRI studies using verbal flu-
ency tasks have reported activation in the left inferior 
frontal gyrus and in the temporal regions as well as 
other regions, according to B.C. Sachs and W. D. Gail-
lard. Functional brain areas in children do not show a 
consistent pattern of either stronger or weaker activa-
tion compared to adults. Rather, it seems that certain 
regions increase their activity with age, while others 
decrease. This is assumed to be related to changes in 
processing capacities and processing strategies but 
also to structural maturation of brain anatomy.

FMRI studies in children that compared spo-
ken language input (texts and sentences) to resting 
baseline reported bilateral activation in the superior 
temporal cortex and the primary auditory cortex as 
well as in frontal and parietal regions either with no 
hemispheric dominance or some dominance of the 
left hemisphere. Left-lateralized patterns were found 
for verb generation and story comprehension and 
in speech compared to reversed speech. Results of 
these experiments showed that children make use of 
the same network of perisylvian cortical areas in the 
inferior frontal and superior temporal cortices during 
language processing as adults. However, the organiza-
tion of language in the developing brain seemed to 
be less left-lateralized than in adults. The degree of 
lateralization appears to depend on age, task, and the 
specific cortical area. A recurring pattern is that chil-
dren, though left-hemispheric dominant like adults, 
show a larger involvement of the right hemisphere. 
The degree of left lateralization of language processes 
correlates positively with age. 

A	Functional	Neural	Network	Perspective
FMRI data contain signal fluctuations in the low fre-
quency range. This has long been established, particu-
larly in the resting state or default mode. Such resting 
state activity, contrary to task-related processes in a 
defined task-specific paradigm, reflects functional 
brain activity under task-free conditions. Nowadays, 
resting state data are established in the literature and 
widely used to investigate brain networks, that is, 
brain regions that show correlated activity in spon-
taneous low-frequency fluctuations (LFF). M. D. Fox 
and M. E. Raichle describe the resting state fMRI fur-
ther. It was shown that resting-state networks differ in 
children when compared to the resting-state networks 
of adults. The functional organization of resting-state 
networks appears to follow a developmental trend 

Figure	1 Schematic view of the left hemisphere of the brain 
 highlighting some of the major brain regions in  
 frontal and temporal cortices relevant for  
 language processing

These regions are Broca’s area in the inferior frontal cortex (gray 
areas upper left) and the posterior part of Wernicke’s area in 
the superior temporal cortex (medium gray larger area) together 
with the middle temporal cortex (light gray area).
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from focal to distributed. Damian Fair and colleagues 
analyzed resting-state functional connectivity MRI 
by graph-theoretical methods in order to compare 
the functional network architecture of the immature 
resting-state network of children aged 7 to 9 years to 
the mature networks of adults. They found that, for 
adults, cortical regions are functionally highly con-
nected with each other, while this is not, to the same 
extent, the case for children. Particularly, long-range 
connectivity between remote cortical regions is not 
yet established to the same degree in children, who 
show stronger short-range connectivity between 
neighboring regions. These data suggest a develop-
mental trend toward segregation of locally neighbor-
ing brain regions and, at the same time, toward inte-
gration of selected regions that are spatially distant 
but putatively functionally connected.

But even in task-dependent fMRI experimen-
tal settings, LFFs are a major source of variance, 
where such signal components were previously 
often regarded as noise that should be identified and 
removed. However, LFF can in fact provide informa-
tion about cognitive networks that are specific to the 
overall task domain rather than the immediate pro-
cessing of a specific stimulus during the experiment, 
G. Lohmann and colleagues showed. The specificity 
of the activation patterns observed in fMRI studies 
on language might not lie in individual areas them-
selves but rather in the constitution of the overall 
task domain network. In language processing, LFF 
analysis of language-related task activity specifies the 
default language network in the brain. This network 
was shown to differ considerably in children from 
that in adults. Intrahemispheric fronto-to-temporal 
connectivity within the left hemisphere increases 
with development, while interhemispheric connec-
tivity between homolog brain areas in the left and 
right hemisphere decreases (see Figure 2). The shift 
from inter- to intrahemispheric connectivity in chil-
dren resembles the ongoing left lateralization during 
development as observed in task-related fMRI data. 

The	Neuroanatomy	of	the	Language	Network
A thorough understanding of how language is orga-
nized in the human brain needs deeper insight not 
only into its functional organization. Moreover, the 
link between the structural prerequisites of the brain 
and the functional networks of language-related pro-
cesses delivers a broader basis for a profound under-
standing of the nature of the faculty of language. In 

human development, answers to the question about 
concurrent structural maturation are especially use-
ful in order to gain deeper insight into the unfolding 
of particular cognitive functions, such as the ability 
to handle a complex information processing task, for 
example, language comprehension.

Anatomical MRI data can be investigated by 
several morphometric approaches. Morphometry 
refers to the description of brain structure and can 
be applied in vivo to quantify and characterize MRI 
data according to several research questions. Brain 
morphometry methods allow examining structural 
aspects that help to better understand how the vari-
ety of functional processes executed in the brain are 
compiled and organized. The human gray matter, 
that is, the neurons in the cortical layers of the brain 
where the actual processing of functions takes place, 

Figure	2 Functional connectivity within the default language 
 network in adults (left) and children (right)

The first line shows functional connectivity in low frequency data 
for a seed region in the inferior frontal cortex (Broca’s area). 
This seed shows high functional connectivity to a region in the 
posterior temporal cortex for adults, while no such connectivity 
is observed for children. The second line shows functional 
connectivity for a seed in the posterior portion of the temporal 
cortex (Wernicke’s area), yielding strong functional connectivity 
to the inferior frontal cortex for adults, but not for children. 
Children, rather, show strong functional connectivity to the 
right hemispheric homolog region. Figure adapted from A. D. 
Friederici et al.
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can be investigated with respect to its thickness, 
density, size, gyrification, and structural adaptation. 
Likewise, the underlying white matter provides infor-
mation on the connection between these cortical 
regions. Early approaches to better understand the 
human brain utilized postmortem methods to inves-
tigate white and gray matter anatomy. More recent 
methods allow researchers to obtain data on the 
location and extent of individual fiber tracts within 
the white matter. These can be identified in vivo by 
means of diffusion tensor imaging (DTI) and by fiber 
tracking. DTI offers measures of the directionality of 
water diffusion, which in turn allows inference of 
information about fiber pathways and their proper-
ties, for example, their maturational status.

In human development, changes and adaptation 
are permanently ongoing processes that alter brain 
morphometry during the brain’s entire dynamic life 
course. However, early brain maturation during fetal 
development and childhood is most remarkable and 
significant. At the same time, functional develop-
ment during infancy, childhood, and adolescence 
provides major changes in motor, sensory, executive, 
and cognitive functions, among them increasing skills 
in language comprehension and production. These 
developmental changes of brain functions, on the one 
hand, and maturation of the brain’s neurobiological 
underpinnings, on the other hand, are simultaneous 
processes accompanying each other.

Maturation of the human brain is a complex pro-
cess characterized by some distinguished changes over 
time, including progressive and regressive adjustments. 
Gray matter maturation shows on average significant 
overall reduction of cortical thickness and density dur-
ing childhood. The time course of gray matter matura-
tion has been shown to be heterogeneous across brain 
lobes and regions. The overall loss of gray matter dur-
ing childhood and adolescence occurs probably due to 
programmed pruning of synapses and their associated 
neuropil, that is, axon terminals, dendrites, and den-
tritic spines, rather than due to neuron loss.

The white matter undergoes major changes dur-
ing infancy and early childhood. Though less pro-
nounced, these maturation processes continue and 
last until young adulthood, when they reach a pla-
teau level. Structural maturation of fiber pathways in 
the brain is particularly characterized by increasing 
myelination of the fibers. Thereby, the speed of elec-
tric impulses along the axon is increased and hence 
information transport in neural networks as well. The 

process of initial myelination is most pronounced 
until the second year of life, roughly proceeding from 
occipital to frontal regions. Importantly, the volume 
increase in myelinated white matter during develop-
ment shows a very similar time course in frontal and 
temporal (i.e., language-related) regions, which is, 
moreover, later in time than the volume increase in 
the (sensorimotor) central region.

The connections between the language-relevant 
cortical brain areas such as the inferior frontal cortex 
and the superior temporal cortex are implemented 
by the white matter of the brain, tracts of nerve fibers 
that connect neurons to other neurons over long dis-
tances. It is assumed that the structural maturity of 
fronto-temporal fiber tracts sets the general frame 
for the functionality of the language network. Long-
distance connections between language-relevant 
brain regions can establish full functioning only 
when their corresponding fasciculi have reached a 
certain maturational stage. For the language net-
work, there are two fiber tracts that connect these 
cortical regions that are particularly relevant: a dor-
sal connection via the arcuate fasciculus (AF) and 
superior longitudinal fasciculus (SLF) and a ven-
tral connection via the inferior fronto-occipital fas-
ciculus. These fiber tracts are assumed necessary for 
information exchange within the language network. 
It was assumed that one reason why infants and 
children have difficulty in processing more complex 

Figure	3 The language network

The two main white matter fiber tracts in the language network 
connect the inferior frontal cortex with the posterior portion 
of the superior temporal cortex via a dorsal pathway (darker 
gray) including the arcuate fasciculus and superior longitudinal 
fasciculus and a ventral pathway (lighter gray) via the inferior 
fronto-occipital fasciculus. Particularly the dorsal pathway is 
significantly immature in children (right) even at the age of 7 
years when compared to adults (left). Figure adapted from  
J. Brauer et al.
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language input like complex sentences might be 
the immaturity of these fiber tracts, which in turn 
would hinder effective information exchange. And 
indeed, it was shown that the fronto-temporal fiber 
connections, particularly the dorsal connection via 
the arcuate fasciculus and superior longitudinal fas-
ciculus, are among the latest white matter tracts to 
mature in the brain. This is evident in a comparison 
between 7-year-old children and adults. Children’s 
white matter is not yet fully mature at this age because 
the myelin sheath is still growing (see Figure 3). The 
myelin sheath is of functional relevance because it 
guarantees fast and reliable information transmis-
sion via the fiber tract. Where axons are not yet fully 
myelinated, information transmission will be slower 
and potentially with more transmission errors. 

It was shown that the dorsal pathway connecting 
the temporal cortex to the frontal cortex is not only 
less myelinated in children but even that its connec-
tion to the inferior frontal cortex is not yet detect-
able very early in life. The dorsal pathway in newborn 
infants contains only the connection to the premo-
tor cortex. This direct connection between the pri-
mary auditory cortex and the premotor cortex is 

an important link very early in 
language acquisition because it 
enables auditory-to-motor map-
ping in the babbling phase during 
the first months, while the connec-
tion to the inferior frontal cortex is 
necessary for further development 
and more complex language func-
tions such as syntactic processing 
(see Figure 4). 

Conclusion
Humans are genetically prepared to 
acquire language, and they possess 
the necessary neurobiological pre-
requisites for it. Language develop-
ment is grounded on the interplay 
between these biological precondi-
tions and social interaction, which 
provides the essential input for 
infants and young children to 
acquire language at the same time 
the brain matures, a process that 
lasts until young adulthood. It can 
be assumed that the acquisition 
and development of language and 

the simultaneous neurobiological maturation of the 
brain are two processes that interact with each other 
throughout development.

Jens Brauer
Max Planck Institute for Human Cognitive  

and Brain Sciences

See	Also:	Critical Period in Language Development; 
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of Language Development and Impairment; Neural Basis 
of Language Development.
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Gender	Differences	in	
Language	Development
Gender differences in language are apparent from 
a young age in terms of the number of words pro-
duced, the characteristics of communicative style, as 
well as in the manner in which language is used. This 
entry will review early gender differences in the rate 
of vocabulary acquisition and the differences in the 
styles that girls and boys use and will conclude with 
a discussion of whether parents speak differently to 
girls and boys. 

Before discussing gender differences in language 
development, it is important to note that there are 
many more similarities than differences between girls 
and boys, and although reliable gender differences do 
exist, many of the effects are small, and there is a large 
amount of variability within a particular gender. As 
such, a particular girl may be more similar to a boy 
than to another girl in many aspects of language use 
and development. Moreover, gender differences can 
vary depending on the context in which they are mea-
sured, including the type of task being undertaken. For 
example, in one study, when playing with same-gender 
peers, boys were found to use more assertive language 
than girls. However, when playing with girls, boys 
did not use more assertive language than girls. Thus, 
whether boys speak more assertively than girls appears 
to be contingent upon their partners.

By the beginning of the first year of life, research 
in the United States indicates that girls have an earlier 
word spurt than boys. Indeed, Janellen Huttenlocher 
and colleagues found through repeated observations 
of children that girls produced more novel words than 
boys. Girls began talking at a younger age than boys, 
and this gender difference became larger over time—
with a 13-word difference at 16 months increasing to 
a 115-word difference by 24 months. Similarly, when 
Daniel Bauer and colleagues asked parents to report 
on children’s comprehension, they also found that 
girls had a much larger comprehension spurt than 
did boys. Although there were no gender differences 
in comprehension at 8 months, girls accelerated in 
their comprehension much faster. Interestingly, girls’ 
comprehension and production were more strongly 
correlated than boys’ comprehension and production.

One concern with the past findings is that they 
were all conducted with children in the United States 
whose first language was English. As a result, we 
may not be able to generalize the findings to other 
cultures or languages. To address these limitations, 
Marten Eriksson and colleagues compared parental 
reports of children’s comprehension and production 
beginning when children were 8 months to 2½ years. 
Children included monolingual as well as bilingual 
speakers. They spoke Austrian-German, Basque, 
Croatian, Danish, Estonian, French, Galician, Slove-
nian, Spanish, and Swedish. First, although boys and 
girls did not differ in the number of words produced 
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at 8 months, by 11 months, with the exception of 
Austrian and Galician children, girls produced more 
words than boys, and this difference increased with 
age. Second, at the same age, girls produced more 
gestures than boys. Gender differences were found 
to continue into toddlerhood in other aspects of 
language, with girls combining words into two-word 
utterances at a younger age than did boys. In con-
trast, parents of girls and boys did not report differ-
ences between their children in comprehension. In 
sum, it appears that girls quickly surpass boys in lan-
guage production and, in some cases, comprehen-
sion. Moreover, girls combine words more quickly. 
However, by age 5, most of the differences disappear, 
although a small female advantage for verbal and 
written language persists throughout childhood and 
into adolescence and adulthood. Yet, there are no 
gender differences in vocabulary size in adults. Thus, 
gender differences may be apparent at some ages but 
not at others. From a developmental perspective, it is 
important to take age into account when examining 
gender differences. 

Recent brain imaging studies have pointed toward 
a biological explanation for early gender differences 
in language development. For instance, D. Burman 
and colleagues found several gender differences in the 
brain activation of children and adolescents that cor-
related with language performance, including greater 
bilateral activation among girls in the inferior frontal 
and superior temporal gyro and left fusiform gyrus. 
These gender differences may link into differences in 
the efficiency with which semantic or visual or audi-
tory information relating to language is processed. 
However, these developmental differences appear to 
diminish with age, at least in terms of their influence 
on performance.

In addition to gender differences in the early 
development of language, the conversational styles 
that young girls and boys use may differ from one 
another. There have been two main theoretical rea-
sons advanced to account for gender differences in 
language use. Daniel Maltz and Ruth Borker argued 
that boys and girls are socialized into different worlds 
or contrasting linguistic cultures with associated 
conversational styles and characteristics. Evidence 
for their perspective came from children’s early gen-
der segregation and children’s preferences for same-
gender peers. From being with same-gender peers, 
children develop norms of interaction. Indeed, Carol 
Martin and Richard Fabes found a social dosage 

effect in which those children who spent more time 
with same-gender peers became more similar to their 
same-gender peers. From this perspective, we would 
predict that boys and girls would be similar to their 
own gender in their linguistic styles. A different theo-
retical perspective argues that gender differences in 
language come from social status or power asym-
metries in which boys and men typically have more 
power and status than girls and women, and these sta-
tus characteristics lead to contrasting male and female 
conversational dynamics. From this perspective, we 
would expect girls to use more passive communica-
tive styles than do boys. 

Different patterns of interaction would provide 
evidence for these theoretical perspectives. To support 
the two-cultures perspective, we would expect differ-
ences to be greater between girls and boys when they 
are paired with same-gender than different-gender 
dyads. In contrast, evidence for status influence would 
include patterns in which boys use more dominant 
strategies, such as interruptions, when interacting 
with girls than with boys. Moreover, boys would be 
expected to be more power assertive than would girls. 
The evidence for each of these theoretical perspectives 
in children has been mixed, and both accounts may 
have some currency in different situations. However, 
some gender differences in adults’ conversation styles 
do appear stable and support the suggestion that indi-
viduals modify their conversations based on the gen-
der of a conversation partner. For instance, men are 
more likely to interrupt women than women are to 
interrupt men. Moreover, women are more likely to 
use tentative language than are men.

Campbell Leaper argues that simply expecting girls 
to be more cooperative and affiliative and boys to be 
dominating and assertive is too simplistic. Affiliative 
speech includes talk that serves to draw people closer, 
whereas assertive speech tries to dominate the other 
conversational partner. To examine whether girls or 
boys were more likely to differ in their conversational 
styles, Leaper video-recorded girls and boys playing 
with puppets in either same-gender or mixed-gender 
dyads. Older girls (age 7) were found to use more col-
laborative speech than younger girls (age 5) or either 
5- or 7-year-old boys. Boys were found to be more con-
trolling but only when talking with same-gender peers, 
which supports the two-cultures hypothesis. In a later 
study with African American participants, Leaper also 
found greater gender differentiation in same-gender 
than mixed-gender pairs. Thus, there is some support 
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for the two-cultures hypothesis. Others, however, such 
as Patrick Leman and colleagues have found greater 
gender differentiation in mixed-gender than same-
gender dyads. In mixed-gender dyads, 8-year-old boys 
used more controlling speech than did same-age girls, 
whereas girls used more affiliative speech than did 
boys during a conflict situation. These findings sup-
port the view that boys may use more power-assertive 
strategies with girls than with boys. 

A recent comprehensive meta-analysis conducted 
by Campbell Leaper and Evan Smith examined gen-
der differences in the amount of talk, affiliation, and 
assertion in children ranging in age from 2 to 18 
years. Across 73 samples, girls were more talkative 
than boys, but there was not a large effect. Differ-
ences were greater in early childhood and when chil-
dren spoke to adults rather than to other children. To 
examine gender differences in affiliation, 46 samples 
were included. Girls were found to use more affiliative 
talk than boys. The effects were strongest during early 
childhood (2–6 years) and during preadolescence 
(10–13 years), but there were no differences based 
on whether children spoke to peers or adults. Finally, 
across 75 samples, boys used more assertive talk than 
did girls, but the size of the effect was negligible. There 
were no age effects, nor were there differences based 
on whether children spoke to peers or adults. In sum, 
there is some evidence that boys and girls may speak 
differently, especially with regard to affiliation. How-
ever, again, the small effects suggest that there may be 
more similarities than differences.

Talk about emotion is another area in which we 
find some differences between girls and boys. Christi 
Cervantes and Maureen Callanan asked mothers 
to tell a story to their children about parents going 
on a trip without their children. They found that 
2-year-old girls used more emotion talk with mothers 
than similarly aged boys; no differences were found 
between 3- and 4-year-old girls and boys. Given that 
very young girls often have a larger and more diverse 
vocabulary than boys, the gender difference in the 
2-year-olds may be related to girls being more preco-
cious in their vocabulary development than boys at 
this age. However, other studies have found that girls 
use more emotion words with parents throughout 
early childhood and into early adolescence.

Similarly, in talk with their peers, girls and boys may 
use different amounts of talk. Amy Kyratzis followed 
10 preschool-aged children who segregated naturally 
into two same-gender groups in a preschool. At the 

beginning of the year, the boys talked about being 
afraid. By the end of the year, the boys had developed 
norms prohibiting the expression of fear. Simultane-
ously, the boys used rougher, more aggressive talk. 
In contrast, the girls followed an inverted, U-shaped 
pattern in which emotion talk was more frequent in 
the middle of the year. Harriet Tenenbaum found 
that 5- to 8-year-old girls also used more emotion 
words, including labels and explanations, when read-
ing wordless picture books with friends than did boys. 
The findings of these past studies suggest that girl 
dyads may use more emotion talk than boy dyads. In 
contrast, other researchers have frequently not found 
differences in children’s emotion talk in naturalistic 
settings, nor have other researchers found differences 
between girls and boys in their mental state language. 

According to social cognitive theory, parents may 
influence gender differences in children’s talk in two 
main ways—either modeling different ways of speak-
ing to children or treating girls and boys differently 
would contribute to gender differences in children’s 
talk. What is the evidence for these perspectives? 
Research generally finds that fathers do not adapt their 
speech when talking to young children to the same 
extent as mothers. Moreover, fathers tend to make 
greater cognitive demands of their children when con-
versing with them. For example, fathers are more likely 
than mothers to ask what, when, where, and why ques-
tions rather than simple yes-or-no questions. In a study 
of Mexican heritage parents and children residing in 
the United States, Harriet Tenenbaum and Campbell 
Leaper looked at the amount of scaffolding mothers 
and fathers provided their children. Scaffolding was 
operationally defined as raising the level of cognitive 
demand after children evidenced success in answer-
ing a question and lowering the level when children 
were unable to answer a question. Mothers used more 
scaffolding sequences with their children than fathers. 
Fathers’ tendency to be more cognitive demanding of 
children than mothers, and their failure to adjust their 
speech to the child’s level may be beneficial for chil-
dren. Indeed, the bridge hypothesis posits that such 
conversations prepare children to interact with others 
who do not know them well. 

There are other differences as well in conversations 
between mothers and children and fathers and chil-
dren. Fathers ignore more of their children’s utter-
ances than do mothers. Father–child conversations 
suffer from more communication breakdowns than 
do mother–child conversations.
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A comprehensive meta-analysis conducted by 
Campbell Leaper and colleagues examined model-
ing as well as reinforcement of gender differences 
in parents’ speech to children ranging in age from 
infancy to adolescence. There was an overall effect in 
which mothers spoke more and used more support-
ive speech with children than did fathers. In contrast, 
fathers were more directive and used more informing 
speech than did mothers. In general, gender differ-
ences in parents’ speech were somewhat mirrored in 
children’s speech. Note that girls tended to be more 
talkative and use more collaborative speech than boys, 
whereas boys were more controlling. Although the 
ways that the gender differences manifest themselves 
in these developmental periods are certainly differ-
ent, the patterns retain some semblance of similar-
ity. When looking at whether parents talk to girls and 
boys differently, the meta-analysis could only include 
mothers because there were not enough studies with 
fathers. In 25 studies examining mothers’ talk to chil-
dren, mothers spoke more to daughters than to sons. 
In addition, in 11 studies, mothers used more sup-
portive speech with daughters than with sons. 

The evidence, thus, suggests that both through 
modeling and reinforcement, parents may be con-
tributing to gender differences in the speech styles 
that children use. In addition, being spoken to 
more may be a contributing factor in girls learn-
ing to speak more quickly than boys. Indeed, being 
involved in more conversations would seem a likely 
spur to children’s language development. Through 
their relationships, children are socialized and also 
self-socialize and appropriate a variety of similar 
gendered behaviors; through development, they con-
stantly interpret complex gender messages and enact 
behaviors that they deem appropriate or consistent 
with them. However, developmental research shows 
that the gendered behaviors that children are refin-
ing are not always the same gendered behaviors that 
adults display. In other words, there is something 
unique about the manifestation of gender at partic-
ular ages that makes the practice of gender a truly 
developmental phenomenon.

Harriet Tenenbaum
University of Surrey

Ana Aznar
Kingston University

Patrick Leman
Royal Holloway, University of London
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Generalization	of		
Linguistic	Patterns
Generalization is the recognition that observed enti-
ties (objects, sounds, organisms, etc.) are examples of 
less specific entities or kinds. It is a key component 
in learning. Take, for example, the learning of words. 
Children learn the word cat not by observing the con-
cept cat but by observing a series of specific furry, four-
legged creatures (each with its own proper name) and 
inferring that these creatures are examples of a less 
specific, not directly observed category cat, for which 
they infer particular conditions of application. The 
same principle applies in nonlinguistic domains (e.g., 
determining the set of objects on which it is accept-
able to sit) and in the learning of grammar. A child 
comes to know that the statement I want the green car 
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is an acceptable and comprehensible signal to others 
by observing a larger set of examples of such signals 
and inferring from these a not-directly-observed pat-
tern (analogous to the concept in the word-learning 
example) of which this particular word sequence is 
an example. A child who discovers such a pattern and 
applies it to a new, previously unseen utterance (just 
as a child traveling to a new house or neighborhood 
might identify a previously unseen furry creature as a 
cat) is said to have made a generalization.

An important part of generalization is discovering 
that two entities are in some respect similar (this is 
the basis of their being examples of a particular con-
cept or a particular linguistic pattern). In 1987, Roger 
Shepard proposed a Universal Law of Generalization, 
which can return the probability that a behavior will 
be generalized from one stimulus to another as a func-
tion of the distance between those stimuli in a psycho-
logical space. The challenge in applying this law to any 
particular domain of cognition, including language, 
is determining the appropriate metric of distance. An 
operationalization of similarity that has been widely 
deployed in the study of language learning is distri-
butional similarity, in which the similarity between 
two linguistic entities (words or combinations and 
configurations of words) is described in terms of their 
co-occurrence with other linguistic entities. An illumi-
nating example of this is the so-called frequent frame.

A frequent frame is a linguistic pattern of the form 
a_X_b, where a and b are specific words and X is a 
position in which other words can occur. The utility 
of a frequent frame is that the words that can occur in 
the X position can be determined to be similar. Take, 
for example, the frame the_X_and. The words that we 
see in the X position of this frame in real speech mostly 
refer to things. By contrast, take the frame you_X_it. 
The words seen in the X position here mostly refer 
to actions. In a 2003 paper, Toben Mintz confirmed 
this for a number of frequent frames using a large 
collection of transcribed caregiver speech. It follows 
then that learners can generalize knowledge about 
one word to knowledge about another by treating all 
words that can appear in a particular frame as being 
similar (and thus as displaying similar behaviors). For 
example, if two words are often seen to occur in the 
same observed frames (e.g., like and eat both occur in 
the frames you_X_it and I_X_that), then if a learner 
hears like occur in another frame context (e.g., Daddy 
likes them), they can assume that eat can do so also 
(giving Daddy eats them).

An important question that comes up with any 
account of generalization in any domain is how learn-
ers determine how conservative or inclusive to be. 
How similar do two examples have to be in order to be 
reliably considered an example of the same category? 
That children do not find navigating this to be trivial is 
perhaps most evident in the domain of word learning. 
Children must determine how far a label can extend 
and often fall prey to under-extensions or overexten-
sions. Returning to the cat example, one under-exten-
sion is the belief that the label cat can only be used to 
refer to the specific cat the speaker was heard referring 
to. This is similar to assuming the label is a kind of 
proper name. An example of an over-extension is the 
idea that anything furry is a cat. Such errors are fre-
quently seen in development. These problems of over-
extension and under-extension similarly apply in the 
generalization of grammatical patterns. An example 
of the under-extension of a word is the assumption 
that it can only be used with a particular other word 
or words. This is frequently seen in language learning 
when children learn particular combinations of words 
(such as good morning or thank you) as single, indivis-
ible units of sound. Grammatical overgeneralization 
is said to occur when learners generalize behaviors to 
words that do not conventionally display that behav-
ior. An oft-discussed example is the overgeneraliza-
tion of the English regular past tense ending –ed to 
words that conventionally have alternative endings 
(e.g., saying thinked instead of thought).

Distributional models of generalization suffer from 
problems of under- and over-generalization. Consider 
the phrase I like to as in I like to play football. If one 
were to assume that because eat is in the same category 
of words as like, it can be seen in all contexts in which 
like is seen, then one might produce phrases on the pat-
tern of I eat to X. This frame is fairly low frequency, 
and one can reduce the possibility of this occurring by 
only generalizing across highly frequent frames, but 
then some other infrequent but still legitimate gener-
alizations could be overlooked. The analysis provided 
by Toben Mintz looked at only the 45 most frequent 
frames in English and found that more than 90 percent 
of the words that occurred in each of these frames were 
of a single linguistic category (noun, verb, adjective, 
etc.). We can say then, using standard terminology, that 
the precision of such a method of categorizing words 
can be fairly high. However, this method was only able 
to categorize about half of the words seen in any of 
the collections of transcribed speech. To obtain more 

 Generalization of Linguistic Patterns 233



234 Generalization of Linguistic Patterns

coverage (or, to use the standard terminology, achieve a 
higher recall), one must consider less frequent frames, 
at which point the precision drops off pretty quickly. 
There is, then, a necessary trade-off between precision 
and recall for the learner. This trade-off becomes even 
more difficult to negotiate for languages other than 
English, where the greater freedom in the ordering of 
words means that even fewer frames give the desired 
levels of precision. A 2011 study by B. Stumper, C. Ban-
nard, E. Lieven, and M. Tomasello provided an analysis 
of the trade-off faced by learners of German.

The problem described above, often referred to as 
the bias-variance trade-off or the overfitting prob-
lem, is widely discussed in the literature on statistical 
inference (Christopher Bishop’s 2006 textbook offers 
a nice introductory discussion). The specific question 
for researchers in language development is, “When do 
children generalize patterns?” One influential explora-
tion of a part of this problem was provided by Rebecca 
Gómez in a 2002 study. Eighteen-month-old children 
were exposed to three minutes of a pretend language 
consisting of three element sequences, such as pel 
wadim rud and vot kicey jic. The language contained a 
reliable dependency between the first element (e.g., pel) 
and the third element (e.g., rud), meaning that, when 
a sequence began with a particular element, it always 
ended with another particular element. The middle 
element, however, was varied to different degrees. The 
study was designed to explore when children would 
generalize across specific sequences and thereby iden-
tify frames of the form a_X_b (e.g., pel_X_rud). In one 
condition, participants heard 24 different elements in 
the X position across the 3 minutes. In another con-
dition, they heard only 12 different elements, and in 
yet another, they heard only three. A head-turn prefer-
ence procedure was used to explore whether the infants 
could distinguish novel sequences that instantiated a 
previously encountered frame from novel sequences 
that did not. It was found that infants would only show 
evidence of having learned the dependency when they 
had been exposed to the high-variability stimuli (24 
different elements in the X position).

Gómez proposed that the children in her study 
were learning dependencies between adjacent sounds 
and would learn only the dependencies between the 
nonadjacent sounds when there was very high varia-
tion in the X position. When there were multiple 
kinds of patterns available in the stimuli, the children 
seemed to select the more conservative one, limiting 
their recall but potentially increasing their accuracy.

A 2006 study by LouAnn Gerken further explored 
what children would do when faced with multiple gen-
eralizations. Nine-month-olds were exposed to three 
element sequences in which two elements (the As) were 
the same and another element (the B) was different. 
Half the children heard sequences in which the final 
element was different, giving an AAB pattern (leledi, 
wiwije, jijili, etc.), and the other half heard sequences in 
which the second element was different, giving an ABA 
pattern (ledile, wijewi, jiliji, etc.). At test, children heard 
both AAB and ABA sequences, and a head-turn pref-
erence procedure was used to see whether they were 
able to distinguish sequences that followed the pattern 
(AAB or ABA) they were exposed to at training from 
sequences that followed the other pattern.

The critical manipulation in the 2006 Gerken study 
was that half of the children heard sequences in which 
there were four different B elements, while the other 
half were exposed to a set of sequences in which the 
As varied just as much, but there was only a single B 
element di. At test, those children who were exposed 
to the set in which both As and Bs varied were able to 
distinguish sequences that followed an AAB or ABA 
pattern regardless of the specific sounds involved, 
while the children for whom the B element never var-
ied were only able to distinguish patterns when the 
test items had di in the B position. This second set 
of children, then, seem to have identified AAdi/AdiA 
patterns rather that AAB/ABA patterns. They seem to 
have been effectively balancing precision and recall—
avoiding under-generalization by extending to new 
A elements but also avoiding overgeneralization by 
respecting that the input did not have variation in 
the B position. Interestingly, in a 2010 study, Gerken 
found that, when only a few variations in the B posi-
tion were introduced into the training stimuli (three 
sequences added into the training language), children 
would show learning of the AAB/ABA patterns rather 
than AAdi/AdiA. Thus, they seem to generalize on the 
basis of only a few examples when such generalization 
is necessary to account for the data.

The implications of all this for the course of lan-
guage development remain a matter of considerable 
dispute. On the one hand, it is clear from much sta-
tistical learning work that children possess remarkable 
generalization abilities. On the other, there is much evi-
dence, some of which is reviewed above, that children 
can be highly conservative. A long-standing debate 
exists between researchers who advocate early abstrac-
tion—that children show adultlike generalization of 
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linguistic patterns across words and word sequences 
from very early in development—and researchers who 
advocate lexical specificity—that children’s learning is 
much more cautious, with many generalizations across 
words occurring later. Thoughtful analysis of the chal-
lenges faced by learners shows that the extremes of 
either position are untenable—after all, effective learn-
ers must balance accuracy with recall.

Colin Bannard
University of Texas at Austin
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Generics
Generics are noun phrases that refer to categories 
(Birds fly; a bird is warm-blooded). They can be dis-
tinguished from noun phrases that refer to specific 
instances, whether definite or indefinite (Those birds 

are flying; I saw a bird) and also from quantified 
expressions (All birds have hollow bones; most birds 
build nests; some birds are colorful). Generics pose a 
challenging inductive puzzle to learners: They are 
conceptually abstract, semantically complex, and 
not uniquely marked in language form. Nonetheless, 
generics are frequent in the input language that chil-
dren hear and are produced and understood relatively 
early in development (typically by 3 years of age). 
Generics have implications for conceptual develop-
ment: In the language that children hear, generics 
transmit category-relevant information to children; 
in the language that children produce, generics are 
revealing about children’s representations of catego-
ries, regarding both the social and nonsocial world.

Generics permit speakers to refer to a category as a 
whole, as opposed to an individual or set of individu-
als. Thus, a generic statement such as Birds fly differs 
from a nongeneric plural such as Those birds are flying 
because only the former concerns birds as a category. 
However, generics also differ from statements using 
quantifiers, such as all, each, every, most, or some, in 
that generics do not express a particular quantity. 
Generics are semantically complex, with several puz-
zling aspects that have defied straightforward char-
acterization in either linguistics or philosophy. The 
range of instances expressed by a generic can vary 
considerably, from 100 percent (Dogs are mammals) 
to under 50 percent (Birds lay eggs; note that neither 
male nor juvenile birds lay eggs) to well under 10 per-
cent (Sharks attack humans). However, not all gener-
alizations are appropriate for expression with gener-
ics, even when matched for frequency (e.g., Birds are 
female or people are right-handed). 

Children face two problems in acquiring generics. 
The problem of generic knowledge requires the abil-
ity to make inferences that go beyond the available 
evidence in order to think about abstract kinds of 
things, despite having experience only with particular 
individuals. The problem of generic language requires 
integrating complex morphosyntactic, pragmatic, and 
social cues to differentiate generic from nongeneric 
utterances. Although generics are universal, no lan-
guage possesses a distinct generic marking. In Eng-
lish, there is no one-to-one mapping between generic 
meaning and linguistic forms. For example, generics 
can be expressed with bare plural nouns, indefinite 
singular nouns, and definite singular nouns. Fur-
thermore, each of these forms is used to express both 
generic (Birds fly) and nongeneric (Birds woke me up 
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this morning) meaning. In many languages, including 
languages unrelated to English, generics are unmarked 
or receive reduced marking, suggesting that generics 
may express a conceptually default mode of reasoning.

Despite the conceptual and linguistic complexi-
ties that generics pose, parents use generics in their 
speech with young children in languages as diverse 
as English, Mandarin Chinese, and Quechua. By 2½ 
to 3 years of age, English-speaking children begin to 
produce generic utterances, and generics appear as 
well in deaf children’s home sign. In lab-based studies, 
English-speaking preschoolers demonstrate sophisti-
cated understanding of generics in several respects. By 
3 years of age, children differentiate generic reference 
from reference to a specific instance and generalize 
properties more broadly when hearing the property 
predicated of a generic than of a specific referent. They 
also have begun to integrate contextual information, 
domain-specific knowledge, and gestures with linguis-
tic form class in differentiating generic from specific 
utterances. By 4 years of age, children recognize gener-
ics as distinct from quantified noun phrases and use 
subtle contextual cues to determine whether a person 
is referring to a generic or specific instance. Children 
also understand generics at an earlier age than they 
understand quantified expressions and, at first, tend to 
interpret quantified expressions as if they were generic.

One reason that generics are important in con-
ceptual development is that they efficiently convey 
information about categories and thus seem to play 
an important role in how children construct world 
knowledge and form generalizations and predictions. 
Perhaps for this reason, generics are particularly fre-
quent in discussions regarding richly structured cat-
egories (such as animals) and less frequent for catego-
ries such as human-made artifacts. Moreover, when 
learning a new category, both adults and children who 
hear multiple generic sentences about the category 
are more likely to treat category members as having 
underlying, nonobvious commonalities, as compared 
to those who hear precisely the same information but 
in nongeneric form. This effect has been observed in 
lab-based experiments teaching generics for both bio-
logical and social categories. A further area in which 
generics can modify beliefs is in the area of achieve-
ment. Using generics to link categories (such as boys 
or girls) to skills or abilities can signal that the ability 
is immutable, which undermines children’s motiva-
tion and performance. Generics also appear to have 
a central role in conceptual representations as they 

are privileged in memory and resistant to counterevi-
dence for both preschool children and adults. Speak-
ers realize that a generic statement, such as Birds fly, is 
considered true despite numerous counterexamples, 
whereas a universally quantified statement, such as All 
birds fly, is falsified by even a single counterexample.

Susan A. Gelman
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Genetic	Basis	of	Language	
Development	and	
Impairment
Language development heavily relies on the matura-
tion and organization of brain systems. This complex 
process is accompanied by an ensemble of neural 
events that happen both pre- and postnatally and con-
tinue through early childhood. Whether such systems 
represent isolated, modular language centers specific 
to the human species is a subject of debate; however, 
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it is now widely accepted that, at the level of ontogeny, 
these systems and the accompanying processes have 
a strong genetic component. The examination of the 
genetic basis of language development and impair-
ment heavily draws upon two types of variation 
observed in language ability. First, despite the high 
degree of uniformity in the course of major devel-
opmental milestones for most children and a certain 
uniform level of competence in their native language 
for most adults, typical variability exists in early rates 
of language development and in both spoken and 
written language abilities at later developmental 
stages. Second, a substantial number of children fail 
to reach typical levels of spoken or written language 
development, thus demonstrating atypical variability 
in language ability. Genetic studies aim to character-
ize and quantify the role of genes in language devel-
opment and impairment by examining the relation-
ship between behavioral and genetic variability. This 
entry provides a brief overview of the current state of 
the field in two related areas of inquiry—behavioral 
and molecular genetic studies of speech and language 
focusing on three developmental disorders of com-
munication, namely specific language impairment 
(SLI), developmental dyslexia (DD), and stuttering. 
To aid the reader, relevant genetic concepts are intro-
duced at the beginning of each section.

Familiality	and	Heritability	of	Language		
Abilities	and	Developmental	Disorders		
of	Speech	and	Language
Before molecular work can begin to determine the 
contributions of particular genomic regions and 
genetic variants to the manifestation of a trait (phe-
notype, e.g., general language ability, vocabulary, syn-
tactic complexity, oral fluency, intelligibility, reading 
fluency and accuracy, phonological awareness, short-
term memory, and nonword repetition), it is impor-
tant to demonstrate that the etiology of a given trait 
has a significant genetic component. Such demonstra-
tion is possible without the actual genotyping (i.e., a 
molecular analysis of the DNA) of individuals) but 
by examining the patterning of the traits in differ-
ent types of genetic relatives (e.g., monozygotic twins 
[MZ], dizygotic twins [DZ], parents and offspring, sib-
lings, and other family members). As the approximate 
degree of genetic similarity between these different 
types of relatives can be inferred (i.e., MZ twins share 
approximately 100 percent of their genetic material, 
whereas DZ twins share approximately 50 percent), 

we can compare this genetic similarity to the degree of 
phenotypic similarity between them. By doing so, twin 
and family (adoptive and biological) studies estimate 
heritability of the trait (i.e., the proportion of pheno-
typic variance in a given population attributable to 
genetic variance in this population). In addition, one 
can examine the familiality of the phenotype by calcu-
lating the relative risk of exhibiting a particular clini-
cal condition or disorder (e.g., SLI, DD, or stuttering) 
in samples of relatives of probands (e.g., children with 
SLI) compared to the prevalence of the disorder in the 
general population or in samples of relatives of chil-
dren who do not demonstrate the disorder.

Studies of familial aggregation of SLI indicated that 
the prevalence of language difficulties (defined both 
categorically and continuously) in first-degree relatives 
of probands is significantly higher than in the gen-
eral population. Overall, from 23 to 78 percent (with 
a median estimate at around 33 percent) of relatives 
of probands with SLI may also be identified as having 
SLI—a 3 to 10 times higher rate of the disorder than 
the expected 7 percent in the general population. These 
estimates vary with the methods used to identify the 
disorder, its severity, gender, and the family structure. 
Thus, brothers of probands with SLI are more likely to 
be identified as SLI than sisters, and the affectedness 
rate in siblings increases with an increase in the number 
of affected parents. Self-report measures tend to yield 
higher estimates of familiality than maximum-perfor-
mance testing, and higher familiality is observed for 
probands with more severe forms of SLI. Twin studies 
found average SLI concordance rates to be higher for 
MZ twins (84 percent) compared to DZ twins (52 per-
cent). Similarly, they found substantial group-differ-
ence heritabilities for various facets of language devel-
opment, generally in the range from h2

g 
= 0.34–0.50 

up to 1.00, indicating that the genetic contribution 
to language performance in SLI ranges from 34 to 50 
percent on the low end to 100 percent. Supporting the 
general conclusions from concordance studies, herita-
bility generally increases as symptom severity increases 
and is also higher in clinically referred samples than in 
population-based samples. Substantial heritability was 
also observed for a clinical marker of SLI, phonological 
short-term memory, as measured by tests of nonword 
repetition (h2

g 
= 0.61 to 1.25). Taken together, these 

findings indicate that SLI is a familial disorder with a 
substantial genetic component.

Mirroring the findings for SLI, a significant famil-
ial component has been found for DD, with 24 to 62 
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percent (with a median around 37 percent) of first-
degree relatives of probands with DD also demon-
strating reading difficulties (compared to 5 to 9 per-
cent in the general population). Twin studies found 
average DD concordance rates among MZ and DZ 
twins to be around 76 percent and 41percent, respec-
tively, and yielded high group heritabilities for com-
posite and componential reading ability measures 
(i.e., those that measure specific reading and related 
abilities: decoding, spelling, and phonological aware-
ness, among others), which generally fall in the h2

g 
= 

0.40 to 0.67 range, with spelling being one of the most 
highly heritable phenotypes. Together, these findings 
indicate that DD is a disorder under strong genetic 
influences that affect multiple levels of reading. Inter-
estingly, unlike for SLI, there is currently no strong 
evidence for higher heritabilities at higher levels of 
DD symptom severity.

Stuttering also appears to have a significant familial 
component, with higher rates of incidence in families 
of probands (20 to 74 percent, with a median estimate 
of approximately 45 percent) compared to the general 
population (5 percent in children and 1 to 2 percent 
in adults). Male relatives of probands with stuttering 
are at a higher risk than female relatives. Moreover, 
the probands’ gender seems to play a role as well: 
Higher incidence for stuttering was observed for rela-
tives of female probands compared to male probands, 
especially in severe cases of stuttering. One of the pro-
posed explanations for this observation is that females 
might need more or higher levels of the genetic liabil-
ity involved in stuttering than males in order to dem-
onstrate the phenotype, thus having a higher thresh-
old for stuttering. Concordance rates for stuttering 
obtained in twin studies for MZ twins are typically 
significantly higher (45 to 63 percent) than those for 
DZ twins (12 to 26 percent). Heritability estimates for 
stuttering are also in the high range from h2

g 
= 0.58 to 

0.84 with approximately 70 percent of variance being 
explained by genetic factors on average. These find-
ings indicate that stuttering is a disorder that has a 
relatively strong genetic component.

In addition to substantial evidence of familial aggre-
gation, high concordance rates among MZ compared 
to DZ twins, and moderate to high heritability esti-
mates obtained for developmental disorders of speech 
and language, a number of twin studies examined 
the contribution of genetic factors to language and 
reading (but, typically, not fluency) in unrestricted 
samples, that is, within the typical range of variation 

in these abilities. For spoken language ability, the heri-
tability estimates are generally somewhat lower than 
those obtained for SLI but are still within the moder-
ate to high range for a variety of measures of different 
facets of language development, including vocabulary 
(average h2 = 0.53), morphosyntax (with variable esti-
mates that generally fall in the 0.40 to 0.60 range), and 
phonological short-term memory (0.71). Likewise, 
written language and reading abilities were also found 
to be highly heritable in the general population, with 
the average h2 from large twin studies estimated to be 
around 0.65 for word recognition, 0.75 for spelling 
skills, and 0.69 for phonological awareness.

Overall, behavioral genetic studies to date have 
provided unequivocally strong evidence that both 
typical and atypical variation in spoken and written 
language abilities are under substantial genetic con-
trol, although a significant proportion of the vari-
ance in these abilities is thought to be attributable 
to shared and nonshared environmental effects. It 
is currently not clear whether these estimates cap-
ture genetic effects that are specific to language and 
whether normal variation in language abilities and 
developmental disorders of language are differentially 
genetically regulated. Of note, however, is that recent 
evidence points to a substantial genetic correlation 
between several of the developmental domains men-
tioned above, most notably between various manifes-
tations of spoken and written language. 

FOXP2
The description of the current state of affairs in the 
molecular-genetic work on typical and atypical lan-
guage development would be impossible without 
mentioning what is considered the best major success 
story with respect to identifying genetic bases of lan-
guage, namely, the discovery of the role of the FOXP2 
gene in the etiology of language disorders. This 
inquiry began with the publication of the phenotypic 
descriptions of an extended three-generation United 
Kingdom pedigree, known as the KE family. The KE 
family consisted of 37 individuals, 15 of whom had 
a severe speech and language disorder, presenting 
with verbal dyspraxia and expressive, receptive, and, 
in some cases, written language deficits. Crucially, the 
pattern of inheritance of the speech and language dis-
order phenotype in this family suggested that it might 
be caused by a single gene mutation.

In 1998, the initial evidence for the involvement of 
a particular chromosomal region in the disorder was 
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published using a genetic linkage approach (see below 
for the description of the methodology). That partic-
ular region on the chromosome 7q31 (letters p and q 
after the chromosome number denote the short and 
long arms of the chromosome, respectively; the fol-
lowing number refers to a particular region or band 
on that arm) was labeled SPCH1. Later, an unrelated 
case with a similar phenotype aided the discovery of 
a single base-pair mutation in a gene located in the 
SPCH1 region, FOXP2 (forkhead box protein P2), 
carried by all affected members of the KE family. The 
FOXP2 gene produces a protein that functions as a 
transcription factor (primarily a repressor, i.e., a fac-
tor that inhibits the expression of other genes) that 
binds to regulatory sites on other genes. The single 
base-pair mutation found in the KE family resulted in 
a missense modification of the FOXP2 product that 
prevented it from recognizing target binding sites, 
thus introducing a significant imbalance in the genetic 
networks regulated by the FOXP2 protein. Because 
this mutation was heterozygous (i.e., only one copy 
of the FOXP2 gene was disrupted), affected members 
of the KE family had approximately one-half of the 
normal amount of the functional FOXP2 protein.

The FOXP2 gene is expressed in multiple brain 
areas (e.g., thalamus, cerebellum, striatum, inferior 
olivary complex, and deep cortical layers) and is 
evolutionarily conserved. Numerous animal models 
demonstrated its functional involvement in neurite 
growth and branching, motor learning, and vocal 
learning, suggestive of similarity of phenotypic effect 
across species. However, some evidence exists that the 
composition of the FOXP2 gene had undergone recent 
(within approximately 200,000 years) evolutionary 
changes that might potentially be linked to the emer-
gence of language. Such changes were associated with 
a differential expression of human versus chimpanzee 
versions of the FOXP2 gene in pathways implicated 
in the development of central nervous systems and 
physical structures necessary for spoken language. 
Neuroimaging studies of several members of the KE 
family provided further support for the involvement 
of the FOXP2 gene in the development of speech and 
language-related cortical networks by demonstrating 
both structural and functional alterations in regions 
that included Broca’s area, Wernicke’s area, and the 
putamen in the affected family members.

Although other single and family cases of FOXP2 
mutations have subsequently been reported in asso-
ciation with developmental disorders of language, 

they are rare and by themselves do not play a major 
role in common developmental language disorders 
such as SLI. However, the disruption of the molecu-
lar pathway in which the FOXP2 protein is involved 
likely affects a large-scale genetic network, and mul-
tiple genes that are targeted by the FOXP2 gene (i.e., 
whose protein products are somehow influenced 
by the FOXP2 protein) might indeed potentially be 
involved in more common forms of language disor-
ders (compared to the monogenic KE case) or even 
the machinery of the development of language per se.

Beyond	FOXP2:	Molecular	Genetics	of	
Developmental	Disorders	of	Speech	and	Language
The KE family represents a rare case in which lan-
guage disorder is caused by a mutation in a single 
gene. In contrast, common developmental disorders 
of language, despite strong evidence for a genetic 
component, show complex patterns of inheritance. 
Although only few formal analyses of familial seg-
regation patterns for these disorders have been pub-
lished, they have provided additional evidence for 
significant familial transmission but have generally 
either favored polygenic compared to single-gene 
models or failed to differentiate between these two 
classes of models. This suggests that SLI, DD, and 
stuttering fall into the category of complex neurode-
velopmental disorders. Monogenic disorders (exam-
ples include cystic fibrosis, haemophilia, or Hunting-
ton’s disease), caused by a modification in a single 
gene and following classical Mendelian patterns of 
transmission (e.g., autosomal or X-linked dominant 
or recessive), are relatively rare. In contrast, com-
plex polygenic disorders (examples include asthma, 
Type 2 diabetes, and common psychiatric disorders 
such as schizophrenia and depression) are generally 
more common and etiologically characterized by the 
involvement of multiple smaller-effect genes.

The likely presence of multiple distributed genetic 
susceptibilities of small effect sizes coupled with mul-
tiple interacting environmental factors highlight the 
complexity of the potential pathways to disordered 
development of higher-order cognitive traits like 
spoken language and reading. Thus, the mapping 
between genotype and phenotype is not one to one, 
but many to many, with different combinations of 
genetic risk factors possibly yielding similar disorder 
phenotypes; in turn, different disorder phenotypes 
might be observed when the genetic etiology is simi-
lar (or even identical) across cases. The main methods 
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used to identify putative chromosomal regions and 
genes likely to be involved in such disorders are link-
age and association studies.

Linkage analysis provides a means for the initial 
localization of chromosomal regions that contain a 
gene (or genes) involved in the disorder by taking 
advantage of the fact that genes that lie closely together 
on the same chromosome tend to be inherited together. 
Conversely, genes that are far apart or lie on different 
chromosomes might swap places with homologous 
genes on the paired chromosome, thus being more 
likely to be inherited independently. In linkage stud-
ies, multiple DNA locations (loci) are labeled with spe-
cific markers that cover different places of variation in 
the genome. If a marker and a phenotype tend to be 
inherited together, it provides evidence that a poten-
tial gene of interest might lay in the region close to the 
marker. Linkage studies typically utilize a sib-pair or a 
family-based approach to identify relatively large chro-
mosomal regions that contain multiple genes. These 
large regions can then be narrowed down in further 
studies by using a denser set of markers that provide 
more comprehensive coverage of the target regions. For 
example, the initial linkage study of the KE family iden-
tified chromosome 7q as a region harboring a potential 
gene involved in the language disorder in the KE family 
using a set of markers that were spaced evenly across 
the whole genome. Once 7q had been identified, a fur-
ther study analyzed it using a denser set of markers to 
arrive at a smaller region on the chromosome, 7q31.

Whereas linkage analysis allows for different 
genetic variants at the same locus to be associated with 
a given trait in different families, association analysis 
aims at identifying the genetic variants that are asso-
ciated with the disorder in the whole population in a 
similar manner. Typically, association analysis is done 
on samples of unrelated individuals in a case-control 
approach by comparing the frequencies of variants 
at each genotyped locus between affected and unaf-
fected individuals. Most association studies are done 
using single nucleotide polymorphisms (SNPs; a type 
of genetic sequence variation that involves a single-
base-pair-long mutation) as markers because this 
type of variation is very common, and a large number 
(i.e., roughly 40 million) of SNP-variable loci exist in 
the human genome. Association studies might focus 
on candidate regions that have shown significant 
linkage in previous studies or proceed in an unbiased 
fashion by detecting associations with SNPs that cover 
the whole genome with a particular density. Under 

the assumption of multiple genes of small effect sizes, 
such genome-wide association studies (GWASs) 
require sample sizes on the order of thousands and 
tens of thousands to detect these small effects. Most 
studies, however, use much smaller samples, thus 
necessitating the need for replication of any signifi-
cant signal in further studies. Of note is that a particu-
lar variant found to be significantly associated with 
the disorder does not necessarily represent the causal 
variant implicated in the disorder (direct association), 
but instead, the marker itself might be in close prox-
imity to the causal variant (indirect association). Fur-
ther characterization of even smaller genomic regions 
can be done using sequencing of the regions of inter-
est (i.e., determining the precise order of nucleotides 
in the DNA molecule). If a specific causal genomic 
alteration or, broadly, a candidate gene is found, it can 
be further explored with respect to its involvement 
in molecular pathways and developmental processes 
that might be dysregulated in the disorder. For exam-
ple, genetic studies that use animal models utilize 
several techniques to effectively turn off or knock out 
a homologue of the candidate gene in animals (e.g., 
rats), which are then characterized with respect to a 
particular behavioral or neural phenotype.

Genome-wide linkage scans of sib-pairs in nuclear 
and extended families of children with SLI have iden-
tified several chromosomal regions implicated in the 
disorder. Specifically, significant linkage was found 
on chromosome 16q24 (the region was labeled SLI1) 
using the quantitative phenotype of phonological 
short-term memory capacity (and, in later studies, 
quantitative measures of reading, spelling, and read-
ing comprehension) and 19q13 (SLI2 region) using 
a composite measure of expressive language develop-
ment from the Clinical Evaluation of Language Fun-
damentals—Revised. These findings were further sup-
ported by a multivariate linkage analysis that linked 
the common variance between expressive language 
development and phonological short-term memory 
to 19q. In addition, chromosome 13q21 (SLI3 region) 
was identified as a region linked to reading difficulties 
in families with SLI.

A candidate region association study that focused 
on 16q24 found significant associations of phono-
logical short-term memory with SNPs located in two 
genes in that region: CMIP (encoding c-maf-inducing 
protein) and ATP2C2 (encoding calcium-transporting 
ATPase, type2C, member2), both of which had inde-
pendent effects on phonological short-term memory 
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(the combined effect was equal to a decrease of 1 stan-
dard deviation [SD] on a test of nonword repetition). 
Further studies showed that SNPs in ATP2C2 are also 
associated with spoken language development, whereas 
CMIP has been associated with reading-related mea-
sures. CMIP and ATP2C2 are both expressed in the 
brain and might be involved in processes related to 
neuronal migration, synaptic formation, and plasticity 
through a complex molecular network. However, both 
genes seem to represent susceptibility loci specific to 
impaired populations and might only exert their influ-
ence on the phenotype when combined with other 
genetic or environmental risk factors.

Targeted candidate region association studies that 
looked at 7q31 (i.e., the SPCH1 region where FOXP2 
is located) failed to find an association of the SLI 
phenotype with variants located in FOXP2, although 
tentative evidence was obtained for several mark-
ers that lie in the vicinity of that gene. A significant 
association with phonological short-term memory in 
SLI families was found for a gene downregulated by 
FOXP2, CNTNAP2 (contactin-associated protein-like 
2). CNTNAP2 encodes a neuronal transmembrane 
protein member of a neurexin superfamily. This pro-
tein functions in the nervous system as a cell adhesion 
molecule (thus, it is involved in cell-cell communica-
tion) and is highly expressed in the brain, including 
in language-related brain circuits. Significant asso-
ciations between CNTNAP2 and both language and 
reading phenotypes were found in a candidate gene 
study that genotyped a mixed sample of SLI and DD 
families. In addition, unlike CMIP or ATP2C2, CNT-
NAP2 has been linked to language development at the 
age of 2 in the general population, measured with a 

parental checklist that assesses early communicative 
behavior. Two of the CNTNAP2 SNPs with risk vari-
ants identified in the previous SLI studies were also 
predictive of functional magnetic resonance imaging 
(fMRI) activation (i.e., in Broca’s area and the right 
lateral temporal cortex) during a sentence comple-
tion task using a sample of healthy adults. However, 
CNTNAP2 is not specifically involved in SLI: Various 
CNTNAP2 polymorphisms were found to be associ-
ated with a host of phenotypes, such as selective mut-
ism, social anxiety, autism spectrum disorders (ASD), 
intellectual disability, and even epilepsy.

DD has the longest history in molecular genetic 
studies of language disorders among all of them, and 
correspondingly, it is not surprising that the field 
has generated a relatively large array of data. Linkage 
studies of DD identified nine different chromosomal 
regions potentially implicated in the disorder that were 
labeled dyslexia-susceptibility regions (from DYX1 to 
DYX9). Together, they span a large number of genes 
located on nine chromosomes: 1p34-p36 (DYX8), 
2p15-p16 (DYX3), 3p14.1-q13 (DYX5), 6p22.2 
(DYX2), 6q12-q14.1 (DYX4), 11p15.5 (DYX7), 15q21 
(DYX1), 18p11 (DYX6), and Xq27 (DYX9). However, 
to date, only seven candidate genes have received sup-
port from at least two independent molecular studies: 
DYX1C1 at DYX1, DCDC2 and KIAA0319 at DYX2, 
MRPLI9 and C2ORF3 at DYX3, ROBO1 at DYX5, 
and KIAA0319L at DYX8.

The functional significance of some of these 
genes is still unknown, although evidence exists for 
the involvement of several of them (i.e., DYX1C1, 
ROBO1, DCDC2, and KIAA0319) in the regula-
tion of neocortical development, in particular, in the 

Disorder Implicated	chromosomal	regions
Candidate	
genes

Overlap	with	other		
developmental	disorders

Specific language  
impairment (SLI)

7q31 (SPCH1), 16q24 (SLI1), 19q13 
(SLI2), 13q21 (SLI3)

FOXP2, CMIP, 
ATP2C2, CNT-
NAP2

CNTNAP2, CMIP, FOXP2  
(tentatively)—autism  
spectrum disorder (ASD)

Developmental  
dyslexia (DD)

1p34-p36 (DYX8), 2p15-p16 (DYX3), 
3p14.1-q13 (DYX5), 6p22.2 (DYX2), 6q12-
q14.1 (DYX4), 11p15.5 (DYX7), 15q21 
(DYX1), 18p11 (DYX6), and Xq27 (DYX9)

DYX1C1, DCDC2, 
KIA0319, MRPLI9, 
C2ORF3, ROBO1, 
KIAA0319L

DYX1 (PRTG)—attention 
deficit hyperactivity disorder 
(ADHD); DCDC2—ASD, ADHD

Stuttering 5, 2q, 3q13.2-q13.33, 9q, 12q23.2, 15q, 
18q, 7q (males), 21q (females)

GNPTAB

Table	1  Main molecular genetic findings for the three reviewed developmental disorders of speech and language
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regulation of neuronal migration and guidance. Most 
of this evidence comes from recent genetic studies 
of animal models of DD. The disruptions of cortical 
development (i.e., atypical neuronal migration pat-
terns and ectopias) follow the knockout of DYX1C1, 
DCDC2, and KIAA0319 genes in animals in paral-
lel to some of the pathophysiological findings from 
postmortem studies of DD. Behaviorally, such knock-
out animals demonstrate a host of cognitive deficits, 
including deficits in auditory processing, visuo-spatial 
memory and visual discrimination. In humans, SNP 
variation in DYX1C1, DCDC2, and KIAA0319 was 
found to be associated with brain phenotypes such 
as temporo-parietal white matter structure and left-
right asymmetry of brain activation during reading 
(in the temporal cortex). More recently, KIAA0319 
has also been implicated in spoken language impair-
ment phenotypes (specifically, measured with the 
Goldman Fristoe Test of Articulation and Peabody 
Picture Vocabulary Test) in SLI.

Perhaps surprisingly, given the large heritabilities 
obtained for this disorder, molecular genetic studies 
of stuttering in general have proved less fruitful to date 
than those of SLI and DD. Several linkage studies were 
performed, but most yielded only suggestive evidence 
of linkage: Such weak evidence was observed for chro-
mosome 18q; sex-specific linkage at chromosomes 7q 
(for males) and 21q (for females); chromosome 15q 
(for persistent stuttering); and chromosomes 9q, 2q, 
and 5. None of these findings were strong, and none 
have been replicated across different genome-wide 
studies. In an attempt to reduce genetic heterogeneity, 
which could potentially be masking weaker genetic 
effects, a genome-wide linkage study was performed 
on a set of consanguineous Pakistani families. The 
study identified a significant linkage signal on chro-
mosome 12q23.2 that was further narrowed down to 
a region that contained approximately 85 known and 
predicted genes using the data from the family that 
had the largest contribution to the observed linkage 
signal. Of these, mutations in the GNPTAB gene were 
found to be strongly cosegregating with stuttering, 
and other mutations were found in two other genes 
that are functionally related to GNPTAB (GNPTG 
and NAGPA). The mutations in these three genes, 
however, were only found in 5 percent of unrelated 
individuals with stuttering. More recently, a similarly 
designed study yielded a significant linkage on chro-
mosome 3q13.2-q13.33, in a region that spans more 
than 40 genes.

Summary:	Genetic	Basis	of	Speech	and	Language	
Development	and	Impairment
Overall, there is strong evidence that language abilities 
and developmental disorders of speech and language 
have strong genetic components. With minor excep-
tions, this statement is applicable to most identifiable 
facets of spoken and written language and correspond-
ing phenotypes. Yet, although the past two decades have 
resulted in an impressive set of intriguing findings, it 
is difficult to precisely characterize their complex and 
mosaic landscape. Several candidate genes have been 
identified (or suggested) for both spoken and written 
language abilities, but a multitude of recent studies dis-
covered that variation in these genes is pleiotropic (i.e., 
variations in the same gene seem to affect multiple phe-
notypes) in nature, and multiple other traits and dis-
orders have been linked to variants in these genes. For 
example, genetic overlap (see Table 1) has been found 
for SLI and ASD (e.g., with CNTNAP2 likely playing a 
role in both) and for DD and attention deficit hyper-
activity disorder (ADHD; e.g., as evidenced in over-
lapping linkage in both to DYX1 and DYX2 regions). 
Whether these disorders, despite being linked to similar 
chromosomal regions and even specific genes, involve 
the same, different, or overlapping molecular pathways 
remains unknown. Similar to the overall picture of 
molecular findings for other complex disorders, many 
of the reported findings are frequently not supported 
independently by multiple studies, and the specific 
causal variants implicated in language phenotypes are, 
with rare exceptions (i.e., FOXP2), not known.

This situation is likely to be at least partially reme-
diated in the future through the recruitment of larger 
samples and the employment of novel techniques, such 
as analysis of structural variants and whole-genome 
sequencing. Structural variants are represented by 
insertions, deletions, duplications, and translocations 
of small segments of DNA and have recently been 
described as potential sources of significant variabil-
ity in multiple traits. The first comprehensive analyses 
of the role of common and rare structural variants in 
speech and language disorders are yet to be published, 
but the success of this approach to studying the genetic 
etiology of other complex disorders (e.g., ASD, intellec-
tual disability, and schizophrenia) is promising. Simi-
larly, precise and comprehensive characterization of 
the genetic architecture of language abilities and disor-
ders through whole-genome sequencing, coupled with 
investigations of functional gene networks in which 
the candidate genes might be involved, is likely to shine 
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light on the complex interplay of molecular and neu-
rodevelopmental pathways that contribute to language.
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Genetic	Syndromes	and	
Language	Development
Many genetic syndromes that produce intellectual 
disabilities are associated with language impair-
ments. Understanding the profiles of strengths and 
weaknesses that characterize these syndromes across 
different domains of language functioning is critical 

both for intervention planning as well as for under-
standing the ways in which genes influence behavior. 
This presents an overview of the language character-
istics of three well-studied genetic syndromes that 
can produce intellectual disabilities and language 
impairments: Down syndrome, fragile X syndrome, 
and Williams syndrome. The authors have chosen 
to review these syndromes because they occur rela-
tively frequently, provide an interesting contrast with 
regard to their language profiles, and display the ways 
in which cognitive and behavioral characteristics of 
each specific syndrome can shape language outcomes.

Down	Syndrome
Overview: Down syndrome (DS) is the leading genetic 
cause of intellectual disability, has a prevalence rate of 
one in approximately 691 live births, and is caused by a 
copy of all or part of chromosome 21. Approximately 
95 percent of cases of DS are caused by nondisjunc-
tion, an error in meiotic cell division prior to fertil-
ization. Most individuals with DS have IQs between 
35 and 70. In addition to cognitive impairment, the 
DS phenotype includes a characteristic facial appear-
ance, low muscle tone, short stature, congenital heart 
defects, childhood onset leukemia, gastrointestinal 
abnormalities, neuropathology leading to dementia, 
hearing loss, and vision problems. As is the case for all 
three syndromes are considered in this entry, however, 
there is wide individual variability in the number and 
severity of symptoms displayed.

Behavioral phenotype: The cognitive profile of individ-
uals with DS includes an especially serious weakness 
in auditory short-term memory relative to nonverbal 
mental age. Auditory short-term memory is typically 
measured on tasks requiring repetition of digits or 
nonsense words and reflects the ability to hold speech 
sounds in consciousness. By adolescence, the ability to 
remember and reproduce visual sequences also falls 
behind the ability to analyze and reproduce visual–
spatial patterns. Such impairments are likely to serve 
as barriers to rapid language learning. The vast major-
ity of children with DS experience some degree of 
hearing loss, which may be conductive or sensorineu-
ral, unilateral or bilateral, and intermittent or chronic. 
Conductive hearing loss in DS may be caused by otitis 
media fluid in the middle ear resulting from dysmor-
phology of the eustacian tubes or immune deficien-
cies leading to increased respiratory illnesses. Hearing 
loss may contribute to language learning problems.
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Language phenotype: Language may be the domain of 
development that is most impacted for individuals 
with DS. In general, vocabulary is an area of strength 
relative to grammar, and language comprehension is 
less problematic than production.

The extent of impairments in vocabulary compre-
hension depends on the measure used to assess these 
domains. When tested with a measure focused largely 
on common, concrete words, vocabulary comprehen-
sion is at or slightly in advance of nonverbal mental age 
for adolescents with DS. When tested with a measure 
heavily laden with relational or abstract vocabulary, 
however, vocabulary comprehension is commensurate 
with, or even somewhat lower than, nonverbal men-
tal age estimates. Thus, individuals with DS are able to 
overcome some of their cognitive limitations and gain 
considerable vocabulary knowledge provided that the 
underlying concepts are fairly concrete.

In contrast to vocabulary comprehension, the 
understanding of grammatical morphemes (i.e., 
grammatical word endings marking tense, number, 
and aspect) and syntax (i.e., the ability to combine 
words into phrases and sentences) represent the areas 
of greatest challenge for individuals with DS. Rate of 
growth in syntax comprehension is influenced by 
chronological age, with younger children with DS 
showing faster rates of development than older chil-
dren and adolescents. Indeed, syntax comprehension 
lags behind nonverbal cognitive level by adolescence, 
and there may even be a loss of syntax comprehen-
sion skills for some young adults with DS. Audi-
tory short-term memory predicts comprehension of 
grammatical morphemes as well as comprehension 
of sentence structure in individuals with DS. Hear-
ing status accounts for almost 25 percent of the vari-
ance in the ability to understand grammatical mor-
phemes (past tense –ed and plural –s), which are of 
brief duration.

From early in childhood, spoken language in indi-
viduals with DS is characterized by serious impair-
ments in speech intelligibility, vocabulary, and syn-
tax. These impairments consistently exceed those in 
the domain of nonverbal cognition by adolescence. 
The extent of impairment in spoken language, how-
ever, varies with chronological age, nonverbal cogni-
tive level, language comprehension level, and hearing 
status. Interestingly, language comprehension may 
account for as much as 60 to 70 percent of the vari-
ance in lexical diversity and syntactic complexity in 
spoken language, which raises the possibility that 

interventions targeting improvements in one modal-
ity may impact the other as well.

An important developmental issue is whether spo-
ken language development can progress beyond the 
level of simple sentences for individuals with DS. 
Results of a six-year longitudinal study have dem-
onstrated that individuals with DS continue to make 
progress in spoken language with spontaneous utter-
ances increasing in length, on average, from 3.48 
words (standard deviation, or SD, 1.76) in later child-
hood to 4.93 words (SD 2.14) during early adulthood.

Down syndrome summary: The behavioral phenotype 
of DS is characterized by both a delay and an uneven 
profile of cognitive and language skills. Within both 
comprehension and production, vocabulary knowl-
edge is stronger than the knowledge of syntax. Speech 
intelligibility is a major concern. Although language 
continues to develop into late adolescence, spoken 
language becomes increasingly impaired relative to 
comprehension. In adulthood, however, regression 
in language comprehension may occur. Interven-
tion efforts must continue past the childhood years 
and should target both comprehension and produc-
tion of language given that comprehension provides 
a strong influence on the subsequent development 
of many aspects of spoken language development. 
Early detection and correction of hearing problems 
is important as well.

Fragile	X	Syndrome
Overview: Fragile X syndrome (FXS) is the leading 
inherited cause of intellectual disability and results 
from a mutation in the FMR1 gene on the X chromo-
some. In the healthy gene, there are approximately 54 
or fewer repetitions of a CGG trinucleotide sequence. 
In FXS, there is an expansion to 200 or more repeti-
tions. This full mutation typically leads to hypermeth-
ylation and transcriptional silencing of the gene such 
that it does not produce its normal protein (FMRP), 
which is involved in experience-dependent learning 
and neural plasticity. Less extreme expansions of the 
FMR1 gene (i.e., 55–200 CGG repeats) result in the 
FMR1 premutation. Individuals who carry the pre-
mutation may display many of the same behavioral 
features as do individuals with the full mutation, albeit 
in less severe forms, as well as disorders not found in 
the full mutation, such as the neurodegenerative con-
dition, FXTAS (Fragile X Associated Tremor Ataxia 
syndrome). For the full mutation, the prevalence of 



 Genetic Syndromes and Language Development 245

affected individuals is estimated at one in 4,000 males 
and one in 6,000 females.

Behavioral phenotype: The FXS full mutation pheno-
type is characterized by a profile of relative weaknesses 
and strengths across various neurocognitive domains. 
Domains that are characterized by especially serious 
delays include the ability to process sequential infor-
mation, auditory short-term memory, inhibitory con-
trol, and sustained attention. Hyperarousal and social 
anxiety also are frequent in individuals with FXS. These 
impairments are likely to affect language learning.

There is a relatively high comorbidity between FXS 
and autism spectrum disorder (ASD). In fact, stud-
ies suggest that as many as 60 percent of males with 
FXS also meet diagnostic criteria for ASD. It is not yet 
known, however, whether autism in FXS represents a 
qualitatively distinct comorbid diagnosis or simply 
the most severe end of a continuum of FXS affect-
edness. It also remains to be determined whether an 
ASD diagnosis in FXS reflects the same underlying 
pathology as in nonsyndromic cases. It does appear, 
however, that nonverbal cognitive ability covaries 
with the severity of autism symptoms in individuals 
with FXS, such that lower IQ is associated with more 
severe symptoms of ASD.

There is considerable within-syndrome variability 
associated with the FXS full mutation. Much of this 
variability is related to gender, reflecting the moder-
ating effects of the unaffected X chromosome carried 
by females. IQ is much lower for affected males than 
females, with more than 90 percent of males and 25 to 
50 percent of females with the syndrome meeting cri-
teria for an intellectual disability (i.e., an IQ below 70).

Language phenotype: Virtually all males and many 
females with FXS experience language impairments. 
Vocabulary comprehension is a relative strength and, 
although lower than chronological age expectations, 
is similar to expectations based on overall nonverbal 
cognitive level in FXS. Children who have both ASD 
and FXS are likely to show poorer vocabulary com-
prehension than children with only FXS. In a longi-
tudinal examination of growth in spoken vocabulary 
for a group of 30 male and 14 female adolescents 
with FXS, females gained almost twice as many new 
vocabulary words over a two-year period as did males. 
Auditory short-term memory (indexed by nonword 
repetition) and verbal working memory (indexed by 
backward digit recall) are both predictors of growth 

in vocabulary comprehension and production. 
These two cognitive skills each account for variance 
in vocabulary over and above the contributions of 
nonverbal cognition and autism symptoms in FXS. 
Vocabulary delays appear to be of similar magnitude 
in FXS and DS.

Syntax is an area of relative weakness, although 
there is variability related to age, autism status, and 
gender. Syntax comprehension, for example, has been 
found to be below mental age expectations for young 
boys with FXS but at mental age levels for older adoles-
cents and young adults. In a recent longitudinal study, 
however, male adolescents with FXS showed almost 
no growth in syntax comprehension over a two-year 
period, although verbal working memory did emerge 
as a predictor of change in a composite measure of 
syntax comprehension and production. Syntactic 
impairments are also greater for individuals with FXS 
and comorbid ASD than for those with FXS only, even 
after controlling for differences in cognitive ability. As 
with vocabulary, males are more impaired in syntac-
tic skills than females, although these differences can 
largely be accounted for by differences in nonverbal 
cognition. In contrast to syntax comprehension, pro-
ductive syntax is below mental age expectations for 
both children and adults with FXS. Interestingly, there 
is evidence to suggest that syntax, on the whole, is less 
impaired in FXS than in DS.

Pragmatics, or the ability to use language for social 
purposes (e.g., expressing one’s needs and interests), 
is an area of particular weakness for individuals with 
FXS, possibly due to heightened levels of social anxiety 
and perseveration, both of which would be expected 
to disrupt the back-and-forth nature of social interac-
tion. In fact, studies using experimental or laboratory-
based measures have documented below-mental-age 
performance in providing informative descriptions 
of intended referents in non face-to-face interactions, 
recognizing and taking steps to correct problems in 
comprehending other people’s messages, and produc-
ing utterances that are on topic rather than tangential.

Verbal perseveration (i.e., the excessive repetition 
of a sound, word, phrase, or topic) is an especially 
serious problem for individuals with FXS, particularly 
males. Males with FXS produce more perseverative 
language than do language level-matched, typically 
developing children or developmental, level-matched 
males with other forms of cognitive impairment, 
including DS, suggesting that this characteristic may 
be syndrome specific, at least for males with FXS.
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Fragile X syndrome summary: Expansions in the FMR1 
gene are associated with a range of developmental 
problems. Individuals with FXS have especially severe 
problems in sustained attention, auditory short-term 
memory, and sequential processing, all of which may 
impair language learning. The social aspects of lan-
guage and verbal perseveration are also areas of spe-
cial challenge in FXS. The syndrome is characterized 
by considerable variation in language comprehension 
and production with more severe delays in those with 
comorbid ASD. In general, males are more impaired 
in all aspects of language than females.

Williams	Syndrome
Overview: With an incidence of one in 7,500 live 
births, Williams syndrome (WS) is less common 
than either DS or FXS. WS is caused by a deletion of 
approximately 28 genes located on the long arm of 
chromosome 7, including the genes coding for elastin 
(ELN) and LIM Kinase 1 (LIMK1). WS is character-
ized by a distinctive pattern of facial features, car-
diovascular problems, growth deficiency, connective 
tissue abnormalities, excessive blood calcium levels, 
and intellectual disability. In the 1970s, Williams syn-
drome (WS) was advanced as the prototypical exam-
ple of modularity in the organization of the brain, as 
demonstrated by intact language, particularly syntax, 
in the presence of severely impaired cognitive skills. 
More recent characterizations, however, have revealed 
serious language impairments and strong associations 
between language and cognition in WS.

Behavioral Phenotype: Mean full-scale IQ in individu-
als with WS averages close to 60, with ability levels 
ranging from severe intellectual disability to average 
intelligence. Studies of cognitive ability in individuals 
with WS typically show a small but significant advan-
tage for verbal relative to performance IQ. This rela-
tive verbal advantage can be attributed to especially 
poor performance in the area of visual–spatial con-
struction ability (i.e., copying a model, block pat-
tern construction, or mental rotation). Visual–spatial 
deficits in WS are thought to be due to the absence 
of the LIM-Kinase 1 gene. Hypersociability is another 
characteristic of the WS cognitive profile, with most 
affected individuals demonstrating overfriendliness 
and a strong drive for social contact. Intense inter-
est in faces has been speculated to interfere with the 
ability of young children with WS to engage in pre-
linguistic joint attention behaviors, which entail 

coordinating one’s attentional focus between objects 
and people. Despite their proclivities toward friend-
liness and sociability, individuals with WS are also 
anxious, distractible, hyperactive, and more likely to 
experience difficulties with peer relationships than 
their chronological- or even mental age-matched 
peers. Many of these behavioral challenges are likely 
to impact language learning. Moreover, this profile of 
impairments is likely to lead to nonnormative social 
interactions, which might also interfere with language 
development.

Language phenotype: Language levels in WS do not 
exceed nonverbal cognitive levels, on average, and it 
is rare to find an individual with WS whose language 
is commensurate with his or her chronological age. 
Just as for FXS and DS, there is a syndrome-specific 
profile of relative strengths and weaknesses in lan-
guage for WS. In general, concrete vocabulary is a 
relative strength, although there are areas of weak-
ness within this domain. Individuals with WS dem-
onstrate higher levels of performance on measures of 
concrete vocabulary (Peabody Picture Vocabulary Test 
[PPVT]) than on virtually any other standardized lan-
guage measure, with approximately three-quarters of 
tested individuals scoring within two standard devia-
tions of the population mean (i.e., above a standard 
score of 70). Standard scores for concrete vocabulary 
have been shown to be, on average, 30 points higher 
than standard scores for tests of relational vocabulary 
in school-aged children with WS, with standard scores 
on both tests significantly lower than those of younger, 
typically developing age matches.

The spoken language of individuals with WS is 
more syntactically complex than that of individuals 
with DS matched on chronological age and nonverbal 
cognition. Children with WS are also more proficient 
at producing tense markings than children with spe-
cific language impairment (SLI) matched for mean 
length of utterance (MLU). Note, however, that indi-
viduals with DS or SLI have specific deficits in mor-
phosyntax relative to nonverbal cognition; thus, the 
comparison does not imply that individuals with WS 
necessarily have spared syntactic abilities.

A different picture emerges if individuals with WS 
are matched with typically developing children based 
on chronological age or mental age. In one study, a 
group of 2- to 12-year-olds with WS were found to 
have significantly lower scores on two measures of 
grammatical complexity, MLU (in morphemes) and 
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the index of productive syntax (IPSyn), relative to a 
group of typically developing 3- to 6-year-olds. Thus, 
rather than being advanced in syntactic development, 
children with WS are delayed relative to chronological 
age expectations.

In contrast to DS, verbal working memory is a rela-
tive strength for individuals with WS and may provide 
an important mechanism to support their language 
learning. In fact, the association between backward 
digit span, which indexes verbal working memory, 
and syntax comprehension is stronger than in chil-
dren with typical development. These findings suggest 
that individuals with WS may use a basic cognitive 
strength, in the form of verbal working memory, to 
overcome challenges to language learning that result 
from relative weaknesses in other aspects of nonverbal 
cognition.

Williams syndrome summary: The behavioral pheno-
type of WS is characterized by mild to moderate cog-
nitive delay, relative strengths in verbal working mem-
ory and language, and severe challenges in the area of 
visual–spatial construction ability. In addition, indi-
viduals with WS typically display personality traits 
of overfriendliness, anxiety, and empathy. Although 
WS was considered previously to demonstrate the 
independence of language from cognition, it is now 
known that language skills in WS are strongly shaped 
by the profile of cognitive strengths and weaknesses.

Conclusion
Several general themes emerge from the literature 
describing the language characteristics of individuals 
with DS, FXS, and WS. The profile of language abili-
ties varies dramatically not only in terms of degree of 
impairment but also in areas of relative strength and 
weakness across the three disorders. Moreover, it is 
important to recognize that language does not repre-
sent a unitary ability but, rather, a set of separate and 
interrelated skills and domains of knowledge. Syn-
drome-related differences in language may result not 
only from the direct effects of genes but also from the 
influence of other dimensions of the behavioral phe-
notypes. In addition, there is no doubt that the envi-
ronments experienced by individuals with these syn-
dromes are different from each other and from that 
experienced by typical language learners and that the 
quantity and quality of verbal input children receive 
also has an influence on language learning. Informa-
tion on syndrome-specific profiles can provide a more 

integrated framework for clinical planning, allowing 
for more focused and tailored approaches to assess-
ment and treatment.
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Gestures	in	Communicative	
Development	(Overview)
This entry focuses on gesture use in relation to oral 
language development. Much of the research on ges-
tures has been influenced by the early work of Eliza-
beth Bates and her colleagues, who classified infant 
gestures based on a number of features. Gestures are 
actions with the body, particularly the hands, used to 
communicate. Gestures are not only used to represent 
objects; they also represent events or components of 
events and properties of objects. Action, gesture, and 
the spoken word are linked from an evolutionary 
perspective, and motor functions and language share 
common brain mechanisms. Not all languages are 
expressed orally: Words are the conventional symbols 
used in spoken language, whereas manual symbols are 
used in sign languages. Unlike words and signs, ges-
tures do not form part of a language system. Whether 
their language is expressed through an oral domain 
(words) or a visual domain (signs), infants use ges-
tures to communicate prior to using language, and 
there is continuity in development between a child’s 
use of gestures and his or her linguistic development. 
Gestures facilitate interactions between a parent and 
child, interactions which serve to promote the devel-
opment of language. 

When children start to produce words, they con-
tinue to use gestures; the combination of a gesture 
and word predicts the onset of two-word utterances. 
The first gestures used in the early years are deictic; 
they draw attention to something or to the child’s 
wants and needs. Later gestures include recognitory 
and representational gestures. Recognitory gestures 
involve an object that is present; they illustrate a 
child’s knowledge of an object’s function. The same 
action used in reference to something that is not 
present is a representational gesture; it draws on men-
tal representations and thus relies on memory. To 
identify developmental patterns in the use of gestures 
as well as their association with oral language devel-
opment, different methods are adopted: direct obser-
vation, parent report, and experimental paradigms. 

Infrequent gesture use under 18 months of age has 
been identified as a risk factor for language delay as 
well as for autism spectrum disorder.

Continuity	in	Development
The research on children’s gestures shows continu-
ity in development from nonlinguistic to linguistic 
means of communication. Frequently observed in 
infant behavior is an association between rhythmic 
movement of the hands and babbling, but there is 
a lag in development between communication with 
gestures and verbal communication. This can be 
linked to a child’s motor development. While infants 
develop concepts prior to using words—for example, 
infants of 11 months can distinguish animates from 
objects—they do not have the words to label them. 
Learning a word involves extracting a phonological 
form from the input language, assigning some mean-
ing to it, and storing it in memory so that it can be 
accessed and produced when required. Articulating 
words requires knowledge of the sounds of the lan-
guage and control over the articulators to produce 
the sounds that combine to form a word. Waving 
an arm would appear to be less complex in terms of 
motor involvement than planning and executing the 
sequence of sounds to produce the expression bye-bye.

It is clear that the use of gestures by infants and 
toddlers does not delay the development of oral lan-
guage; instead it facilitates it. Susan Goodwyn, Linda 
Acredolo, and Caroline Brown have shown that 
encouraging hearing 11-month-olds to use gestures 
to represent objects, requests, or conditions is advan-
tageous for their language development up to the age 
of 36 months. Something that could help explain the 
close association between gesture and oral language 
development is that gesture use facilitates interactions 
between a parent (or other caregiver) and a young 
child who does not yet have the ability to produce 
words. In responding to a child’s gesture, the par-
ent makes interpretations, and so communication is 
established and maintained. Infants touch, hold, and 
reach for objects in their interactions with others; 
these actions are forms of intentional communication 
used, for example, to draw someone’s attention to an 
object or to indicate what the infant wants. 

Responses to gestures facilitate a child’s language 
development by providing models of how words are 
used to express ideas. When a child points to an object, 
an adult typically acknowledges the child’s commu-
nicative attempt by naming the object and possibly 
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providing additional information about it. When a 
child points to a toy bear, a response might be “Yes, it’s 
a bear,” with the assumption that the gesture has a ref-
erential (naming) function. However, the adult could 
interpret the pointing gesture as indicating a request 
and might respond with, “Oh, you want your bear.” 
Thus, oral language and gestures are closely linked in 
communicative interactions between a young child 
and caregiver. As children develop, the frequency and 
functions of their gestures vary, and by age 18 to 20 
months, more words are typically used than gestures.

Types	of	Gestures
Children’s earliest gestures appear in the second half 
of the first year, starting at about 10 months. They 
include pointing (the most frequently reported ges-
ture), showing, and giving. These are referred to as 
deictic gestures or performatives. They are used to 
draw attention to an object or to express the infant’s 
desire or need for the object. Ritualized requests 
include reaching with a grasping motion, which has 
the function of requesting an object, and putting an 
object into the hand of an adult, which functions as 
a request that an adult do something with the object. 
The deictic gestures of holding, giving, and pointing 
all require the object to be present in the immediate 
environment, but while holding and giving require 
contact with the object, pointing does not. The index 
finger is extended toward the item of interest, but the 
object is not touched. Pointing, then, is more closely 
linked than other deictic gestures to reference. The 
ability to refer to something is fundamental to the 
development of language.

Deictic gestures are one type of gesture; other early 
gestures are conventional in a culture. Conventional 
gestures include shaking the head for no and waving 
for bye-bye. Many of these are embedded in social 
routines or rituals such as peekaboo and thus, when 
children use them, they are likely to be imitations. An 
infant who sees someone waving when another person 
goes away is encouraged to do the same. Thus, con-
ventional gestures may function as a way of socializing 
infants. In their play schemes toward the end of the first 
year, children demonstrate knowledge of the function 
of objects, for example, through actions such as lifting 
a cup as if to drink from it. These have been referred to 
as recognitory gestures, although for some researchers, 
such actions with real objects are not classified as ges-
tures as they may be imitations rather than spontane-
ous acts, and may restricted to a specific context rather 
than generalized to different contexts. However, when 
performed on an imaginary object, the same actions 
are counted as gestures and are referred to as represen-
tational (or referential) gestures. Once infants are able 
to form mental representations of objects, attributes, 
or events, they draw on these representations rather 
than relying on a real-world referent (such as their 
own toy dog) bound to a specific context. Gestures 
used to communicate about something not present in 
the immediate environment are representational. 

As well as representing an object (for example, a fist 
pulled over the hair to represent a comb, patting the 
top of the head to represent a hat, sniffing to represent 
a flower, or hopping to represent a rabbit), they can 
also stand for an event (for example, an arm motion 
to represent throwing a ball, a steering motion to 

Type Description Example

Deictic Draws attention to something or to a child’s wants Pointing

Conventional Embedded in social routines and culture specific Waving “bye-bye”

Recognitory Action that indicates child knows how an object functions Lifting a cup to the lips and drinking

Representational 
(or referential)

Symbolic. Action makes reference to an object that is not 
present or to an attribute or event 

Lifting an imaginary cup to the lips 
and “drinking”

Beat Emphasis Moving a finger or hand in rhythm 
with a spoken message

Figure	1   Some gesture types
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represent driving, or holding up one’s arms to be lifted 
up), or an attribute such as size or shape (for example, 
using the index finger to draw an imaginary circle to 
stand for round). These are all examples of represen-
tational gestures. They are symbols and typically start 
to emerge when the infant is producing a few words at 
the beginning of the second year. Unlike recognitory 
gestures, representational gestures are distanced from 
the referent, and they are not restricted to a specific 
example; they can be generalized to all items that the 
child categorizes as an example of the referent. They 
are used spontaneously and are not direct imitations.

Although some may be taught, others are abstracted 
by the child from their perception of the functions of 
objects and of events. Thus, important for gesture 
development is knowledge about the actions associ-
ated with objects, referred to as sensorimotor schema. 
Young children become familiar with the functions 
of objects through observing daily activities. When 
drinking from a cup, for example, the cup is picked up 
and moved to the mouth, so a gesture used for drink-
ing might be putting the hand in a holding position 
and raising it toward the mouth. Some representa-
tive gestures are iconic; that is, the intended mean-
ing is clear from the action, for example, indicating 
that something is big by holding the arms wide apart 
or flapping the arms to represent a bird. They may 
involve the use of a body part to represent an object, 
for example, a finger for a pencil.

Functions	of	Gestures	in	Relation		
to	Early	Word	Use	
When young children start to produce words, they 
also use gestures, but their words and gestures do not 
overlap in function; either a gesture or a word is used. 
Research findings show the words that appear in a 
child’s speech can be predicted from the gestures the 
child used a few months earlier. Early conventional 
gestures that are soon replaced by the relevant words 
include turning up empty hands, replaced by all gone; 
raising arms up, replaced by up; and blowing, replaced 
by hot. Of particular interest is that these are reported 
to be among the first words produced by children. 
As more words are acquired, the number of gestures 
decreases, and their functions change to support and 
complement the spoken word rather than being used 
instead of a word.

Word and gesture combinations are not semantically 
linked initially; a gesture does not form a meaningful 
unit with a spoken word until about 14 to 22 months. A 

child’s use of gesture–word combinations predicts the 
onset of a child’s use of two-word combinations from 
about 18 to 22 months. An example of a gesture–word 
combination is “mummy”+ POINT to shoe, indicating 
mummy’s shoe. The deictic gesture here supplements 
the meaning of the spoken word; it does not replicate 
it, so each of the two components contributes some 
meaning. When a deictic gesture is replaced in a two-
word combination, it is most likely to be with a deictic 
word such as that or a possessive pronoun such as my, 
again showing similarities in the functions of early ges-
tures and the words that replace them.

Conveying the meaning of a whole sentence in a ges-
ture–word combination is illustrated in the example 
“eat”+ POINT to banana. Soon after a child uses such 
a combination, a two-word combination will replace 
it, for example, “eat banana.” The close associations 
between gesture and spoken word suggest, as proposed 
by Şeyda Özçalışkan and Susan Goldin-Meadow, that 
gestures are at the cutting edge of early language.

Over time, the gestures children use become more 
sophisticated and integrated with a verbal utter-
ance. From children 3 to 5 years of age, pantomime 
actions are likely; a gesture is coordinated with the 
verbal utterance so that part of the message can be 
inferred from the gesture. For example, when talking 
about an object or animal, a child may simultaneously 
use a gesture to indicate an attribute of the referent 
(such as the trunk of an elephant). Another example 
is, when talking about an excursion to the park, the 
child might indicate the location with a gesture. When 
gestures accompany speech at this age, it is most likely 
that they function to establish a context. As argued by 
Susan Goldin-Meadow and Susan Wagner, when rep-
resentations are weak or evolving, the use of a gesture 
to convey part of the meaning of a message may help a 
child to retrieve verbal information. There is support 
for this view from research on the word–gesture sys-
tem in children who have reached a stage when they 
are combining more than two words. Silvia Stafanini, 
Arianna Belolo, Maria Cristina Casselli, Jana Iverson, 
and Virginia Volterra asked children ages 2 to 7 years 
to name a set of pictures of objects, body parts, ani-
mals, food, clothing, actions, attributes, and locations. 
In the analysis, they focused on when the children 
used words and gestures and whether these occurred 
together or separately. Even when the children named 
a picture, they frequently accompanied it with ges-
ture. This suggests they were creating a context for the 
word and thus providing support for the linguistic 
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representation. Accuracy in naming the pictures was 
found to increase with age. The youngest children 
produced only about 50 percent of words appropriate 
for the pictures, and they used more gestures than the 
older children. For the youngest children, it is appears 
that the task of accessing an appropriate word and 
saying it was more difficult than producing a gesture. 
Gestures that indicated either the shape or size or 
another feature of the object were used, but most of 
the representational gestures were actions associated 
with the pictured item. One example is moving the 
hand in a circular motion when asked about a picture 
of a merry-go-round. More than 40 percent of these 
were produced when the children were identifying 
pictures of objects, animals, clothing, and body parts.

For mature language users, gestures are simultane-
ous with and supplement their verbal messages. For 
example, beat gestures, moving a finger or hand in 
rhythm with the spoken message, are used to empha-
size a particular word or phrase. The gesture is coor-
dinated with the word. This temporal link illustrates 
the close association between motor and vocal activ-
ity. Research data show the link is evident in infancy, 
when repetitive movements (motor) are linked with 
repetitive babbling (vocal). To explain the develop-
ment of the link between motor activities, such as 
kicking and vocal activities, Jana Iverson and Esther 
Thelan proposed that activity in one of two systems 
influences (entrains) activity in the other; activity 
patterns of the influencing (entraining) system may 
be assumed by the other (entrained) system.

Gestures	in	Problem	Solving		
and	Conceptual	Development
Young school-age children, like adults, use gestures 
simultaneous with speech to express information that 
is not conveyed in the spoken message. Such mis-
matches between gesture and word are used when 
problem solving and when learning new concepts. The 
use of gestures has been found to increase when prob-
lems are more difficult, leading to the view of Susan 
Goldin-Meadow and her colleagues that mismatches 
between gesture and speech indicate cognitive effort 
in solving a problem. The mismatch reflects two pos-
sible strategies to problem solving, one indicated by 
gesture and one by speech. Mismatch also occurs 
when learning new concepts. For example, in a study 
by Melissa Singer and Susan Goldin-Meadow, when 
teachers indicated one strategy for solving addition 
problems by gesture and another verbally, learning 

was enhanced. That is, two strategies expressed by dif-
ferent means promoted learning.

Identifying	the	Gestures	a	Child	Knows
There are individual differences in gestures use; the 
number of gestures children use at a particular age 
varies, but the developmental trajectory is similar. To 
determine how many gestures are used, researcher 
and clinicians often utilize parent report—either 
through interview or using a checklist of gestures 
children might know. Interviews provide an oppor-
tunity to ask questions about the contexts in which 
each gesture is used, whether it is used in combina-
tion with speech, the age it was first used, whether it 
has been explicitly modeled, and whether it is used 
only for real objects or also for pictures of the objects. 
All of these questions can provide important infor-
mation about the development and use of gesture. In 
research by Linda Acredolo and Susan Goodwyn, the 
gestures reported by parents to be used by their chil-
dren aged 16 to 18 months were categorized accord-
ing to their perceived function: for objects (for exam-
ple, sniffing for flower or panting for dog), requests 
(for example, knob turn for want out and tugging on 
parents’ clothes for want up), attributes (for example, 
blowing for hot and opening and tuning hands up 
for all gone), replies (for example, a shoulder shrug 
for don’t know), and events (for example, clapping 
in response to a game). Object functions were the 
most commonly reported, but request and attribute 
functions were also frequent. Many of the gestures 
used were associated with interactional routines, but 
others were based on how the object was used or an 
action associated with the object.

An advantage of using parent report to study ges-
ture development is that caregivers see their children 
in a variety of contexts and therefore are more aware 
of which gestures their children use than would a cli-
nician or researcher who observes children for a lim-
ited time in limited contexts. In addition, information 
from larger samples can be collected and comparisons 
made so that children who may be showing develop-
mental delays can be identified. One parent checklist 
used widely to document children’s early communi-
cative development is the MacArthur-Bates Commu-
nicative Development Inventories (CDI). Versions of 
the checklists are available for a number of languages 
other than English and for different varieties of Eng-
lish. Included in the Words and Gestures form, for 
children age 8 to18 months, are sections on gestures 
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that children in this age range might be expected to 
use. The items were selected on the basis of extensive 
previous research. The published norms for the CDI 
show variation in the number of listed gestures used 
for the age range covered: a range of two to 16 Early 
Gestures at 8 months, five to 17 at 12 months, and 12 
to 18 at 18 months; for Later Gestures, the range is 
zero to 23 at 8 months, one to 38 at 12 months, and 22 
to 45 at 18 months. As these numbers indicate, there 
is rapid growth in gesture use from 8 to 18 months. 

Assessment	and	Clinical	Implications		
of	Gesture	Use
Because gesture use by infants and toddlers is closely 
linked to the production of early words, knowing 
which infants and toddlers are not using many gestures 
is important in identifying children, such as late talk-
ers, who are at risk for language delay. However, even 
though they may use few gestures as infants, many chil-
dren do catch up; their later language use and language 
scores on standardized assessments do not reflect the 
late start. This can present a dilemma to clinicians as to 
whether to provide intervention services.

Based on observation and checklist parent report, 
young children who later receive a diagnosis of an 
autism spectrum disorder have been found to use 
fewer gestures than children with typical develop-
ment. This is evident as early as 12 months. In addi-
tion, the gestures used at 12 months, in particular 
pointing and showing, distinguish children who later 
go on to be diagnosed with autism from those chil-
dren who go on to be identified as language impaired, 
with infants in the former group producing fewer 
deictic gestures. Because a function of deictic gestures 
is to draw the attention of someone else to something, 
a lack of frequent usage is consistent with problems in 
social interaction, a characteristic of autism.

Conclusion
In summary, there is a close link between gesture 
and language development that supports an associa-
tion between motor and vocal development. Because 
early gesture use is associated with language outcomes, 
there are clinical implications for infants who use 
few gestures. For children with typical development, 
deictic gestures are used prior to the end of the child’s 
first year and serve a major role in the transition to 
language. There is a rapid increase in the number of 
gestures in the second year, but words gradually take 
over the referential function. A combination of a word 

plus gesture predicts the onset of two-word utterances, 
expected to be used by children by 24 months of age. 
When gestures begin to be used in combination with 
verbal utterances, they add to the meaning of the mes-
sage, for example, by adding emphasis on a particular 
word or phrase, and they can also facilitate a child’s 
recall of a relevant word by creating a context for it. 
By school age, information provided in a gesture may 
differ from that provided in contiguous speech. Such 
mismatches in information have been shown to aid 
conceptual development as well as problem solving.

Edith L. Bavin
La Trobe University
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Grammatical	Categories
Grammatical categories, also referred to as word 
classes, or parts of speech, are groups of words that 
have a similar syntactic role in sentences. Thus, words 
belonging to the same category can be interchanged 
within a sentence without the sentence becoming 
ungrammatical. Over the last 60 years in the psy-
chology of language, one of the critical questions 
has been how grammatical structure of language is 
acquired. At one extreme, nativists propose that the 
grammatical categories are pre-specified, and the 
child acquires grammatical categories by mapping 
particular words onto these categories. A weaker 
nativist position is that categories are not specified, 
but semantic features corresponding to grammatical 
categories are innately determined. Thus, from the 
nativist perspective, learning entails matching sets of 
words to the innate semantic features of grammatical 
categories. At the other extreme, empiricists contend 
that words’ membership of categories as well as the 
categories themselves can be learned from the child’s 
input alone using general-purpose learning mecha-
nisms. The debate has focused on whether gram-
matical categories can be learned from the input or 
whether additional enriched structure is required to 
explain learning in the face of an apparent poverty of 
the stimulus. In this entry, we review the experimental 
and corpus analysis work investigating the extent to 
which categories can be acquired from input. In par-
ticular, we discuss how grammatical categories could 
be learned from co-occurrence information across 
words in addition to reviewing what other linguistic 
information can differentiate grammatical categories.

In 1952, Charles C. Fries noted that much infor-
mation about grammatical categories could be 
acquired from the distributional contexts in which 
instances of grammatical categories occur. However, 
these ideas could not be tested until technologi-
cal advances and improvements in data collection 
allowed large-scale investigations into how reliably 
distributional information can predict grammati-
cal categories. Recent investigations have found that 
information within the structure of language may be 
very useful for identifying and grouping words into 
grammatical categories. Parallel experimental work 
has also found the same cues to be useable for learn-
ing. However, there has been debate over the precise 
nature of the distributional cues used to differentiate 
grammatical categories. The main distinction within 

the contemporary literature is whether grammati-
cal category learning progresses based on frequently 
occurring nonadjacent dependencies within lan-
guage (you___it, where ___ indicates an intervening 
word), otherwise known as frequent frames, or more 
simple adjacent dependencies (you___ or ___it).

Michael P. Maratsos and Mary Anne Chalkley were 
pioneers in identifying that succeeding and preced-
ing words could have powerful predictive power for 
the grammatical category of the intervening words. 
This was later substantiated and empirically tested by 
large-scale corpus analyses. Key concepts in thinking 
about the usefulness of distributional information 
in predicting grammatical categories are precision 
and recall. Precision refers to how accurately any 
particular distributional cue groups words of the 
same category together, whereas recall refers to the 
extent to which the grouping covers all words of the 
same category. Additionally, coverage refers to the 
proportion of words the child is exposed to that are 
classified—certain cues that provide high precision 
and recall may at the same time only capture a small 
percentage of words in the child’s language. The 
usefulness of grouping words by a specific distribu-
tional cue can thus be empirically evaluated using 
these metrics. 

At the center of the debate over which distribu-
tional cues are used, Toben Mintz proposed frequent 
frames as an important cue for learning grammati-
cal categories. He tested the precision and recall of 
the 45 most frequent frames found within corpora of 
child-directed speech (e.g., you ___ to, or the ___ is, 
where the intervening words are grouped together as 
a candidate grammatical category). Frequent frames 
result in very high precision but very low recall, 
which is due to the same words being captured by 
multiple frames (e.g., verbs occur in both you ___ to 
and I ___ it). To resolve this, merging groups based 
on the extent to which they overlap across similar 
distributional contexts can improve recall. However, 
the coverage of the frequent frames is poor due to the 
specificity of the contexts: Words from the same cat-
egory may not occur in common contexts, as attested 
to by constructionist grammar approaches and the 
possibility of item-based learning by children acquir-
ing appropriate word usage. Subsequent experimen-
tal studies tested whether human learners could 
use these cues to infer distinct categories of words. 
Using an artificial language paradigm, both adult 
and infant participants (ages 12 to 13 months) were 
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found to learn a category of nonsense words based on 
distinct frequent frames, again made up from non-
sense words. This was tested by presenting learners 
with sentences comprising sequences of words that 
were compatible with the grammatical categories of 
the artificial language but that had not been heard 
during training and comparing them to sentences 
comprising unheard sequences where words violated 
the grammatical category structure. Thus, it has been 
shown that these frequent frames are both useful and 
usable; in other words, they are informative, and one 
can learn from them.

Though frequent frames have been shown to induce 
category learning, it is not clear that the nonadjacent 
frame information is necessary for this learning. Fre-
quent frames are, by nature, made up of two adjacent 
cues. So, learning categories from you ____ it could 
be due to the you–it frame, or alternatively, could be 
due to only the first bigram cue you ____ or only the 
second bigram cue ____ it, or some dynamic com-
bination of the two. Corpus analyses have examined 
how useful information from only a single adjacent 
word—bigram cues—are in differentiating grammat-
ical categories. Michelle St. Clair and colleagues found 
that, by only looking at the preceding or succeeding 
word, recall was higher, indicating a better capture of 
all category words with less specific cues, but preci-
sion was slightly lower, indicating the groups were 
not as well defined by grammatical category. How-
ever, the coverage differed enormously as bigram cues 
were able to capture a much higher proportion of the 
corpora when comparing nonadjacent frame infor-
mation. The best performance of all was achieved by 
categorizing words based on a flexible combination of 
both preceding and succeeding bigrams (where you 
___ and ___ it are simultaneously available for cat-
egorization). Using these flexible frames, the overlap 
between apparently distinct fixed frames (you ___ it 
and I ___ it) is immediately available to the learner. 
As with the frame cues, artificial language studies have 
found that both adults and children can learn catego-
ries from both preceding and succeeding bigram cues.

One resolution to the debate over which distri-
butional cue is used for categorization may be that 
bigrams and frequent frames are used successively 
by the child, with more accessible bigrams provid-
ing an initial parse for grammatical category acqui-
sition and broad coverage but lower precision, and 
with more specific frames applied later in acquisition 
to fine-tune bigram categorization into more precise 

subcategories. Such a view would also work well cross-
linguistically, as there is debate about whether non-
adjacent fixed frames apply to languages with greater 
word order variability. Corpus analyses of German 
and Dutch, which have subject-verb-object (SVO) 
word order in main clauses and SOV word order in 
subordinate clauses, result in lower levels of preci-
sion and recall than analyses of English due to these 
word order changes. However, bigrams have similar 
precision and recall in all these languages and also are 
useful in languages with free word order, where distri-
butional regularities are determined by conventions 
of usage rather than rules about word order. Later in 
development, more language-specific distributional 
information can then refine the child’s initial guesses 
about the membership and usage of grammatical cat-
egories in his or her language.

Thus far, we have only considered distributional 
cues for acquisition of grammatical categories. How-
ever, a range of other cues has also been shown to be 
relevant to grammatical categorization. In languages 
with a richer morphology than English, it may be that 
the important distributional information is present 
within the word through correlations between the 
word stem and affixes. This seems particularly true 
in gendered languages, where nuanced distinctions 
within grammatical categories have to be formed, 
so nouns not only have to be differentiated from 
other types of words but also segregated into mas-
culine, feminine, and (sometimes) neutral genders. 
For example, in Italian, morphological markers dis-
tinguish many masculine and feminine nouns, with 
feminine nouns often ending in –a and masculine 
nouns ending in –o. 

However, in other gendered languages, such as Ger-
man, the cues with which these categories are differen-
tiated are more opaque and are only revealed by statis-
tical analyses of language corpora, where numerous, 
interrelated cues, from phonological, morphological, 
and semantic sources, are shown to be clustered within 
gendered categories. For German, each of these cues 
has a very weak predictive power individually but, 
when combined, they are highly predictive. Experi-
mental studies using artificial languages suggest that 
such phonological cues may be necessary in order to 
learn these category distinctions. It also appears that 
the distinctiveness of the gendered cues influences 
how quickly gender is consistently learned. Within a 
relatively transparent language, such as Italian, this 
is learned fairly easily. German gender, as described 
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above, is much less transparent and is not fully 
acquired until around 8 or 9 years of age.

In addition to noun gender subcategories, pho-
nological differences between different grammati-
cal categories have also been recently investigated. 
Corpus analyses of grammatical categories across 
many different languages have found consistent 
within-category phonological characteristics, such 
as reduced vowels, syllabic complexity, and syllable 
length, for distinguishing nouns from verbs and 
content from function words. Furthermore, the way 
in which cues of different types interact suggests a 
subtle serendipitous arrangement between infor-
mation sources. For verbs, phonological cues are 
more reliable, but distributional information is less 
available, whereas for nouns, the opposite pattern 
emerges: phonological cues are weaker, but distri-
butional cues are stronger for indicating category. 
Experimental studies combining distributional cues 
with phonological cues in artificial language learn-
ing results in more accurate grammatical categoriza-
tion. Indeed, many experiments fail to find evidence 
of grammatical categorization from distributional 
information without additional phonological cues 
helping to scaffold learning. 

Additional cues for deriving grammatical catego-
ries and membership of specific lexical items within 
a category are provided by the environment in which 
language is spoken. Gestural, attentional, and seman-
tic cues all contribute to determining categories. For 
instance, if children are confronted with a novel object 
with a novel texture and then hear, “See the wug,” they 
may infer that wug refers to the object itself. But if they 
hear, “This feels wuggish,” they may then infer that wug 
refers to the novel texture. This form of syntactic boot-
strapping would likely proceed based on both the –ish 
suffix as well as the semantic information contained 
with the verb feel, which implies that the novel word 
wug may refer to the texture more than the object 
itself. Additional referential cues to category are avail-
able in the same situation, with the caregiver directing 
attention to the object through eye gaze or deictic ges-
ture. Thus, social and semantic context can influence 
grammatical category inferences about novel words.

Although a full picture of how grammatical cate-
gories are acquired has yet to emerge, the current state 
of the field demonstrates a dynamic process involv-
ing the online combination of multiple cues from a 
variety of linguistic sources. Empirical investigations 
suggest that highly accurate grammatical categories 

are detectable from the child’s linguistic and social 
environment, though this does not preclude the pos-
sibility of innately specified structure interacting with 
these environmental information sources. The chal-
lenge for future research is to create new and inno-
vative ways of testing various combinations of cues 
across differing linguistic domains—for example, 
syntactic, semantic, pragmatic, social, and gestural—
and determining whether innate structure is involved 
in category acquisition.
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Grammatical	Development	
in	Children	With	Language	
Impairments

The expressive power of language is made possible 
with the acquisition of a productive grammar. Chil-
dren harness this expressive power as they acquire 
grammatical knowledge and use it to generate an infi-
nite number of messages from a finite set of words. The 
acquisition of grammar is delayed for children with 
language impairments; however, grammatical devel-
opment follows a typical sequence of development. 
This has been established with a variety of assess-
ment methods and by comparing the acquisition of 
grammatical milestones for children with and with-
out language impairments. Deficits in grammatical 
development are particularly noteworthy for children 
with specific language impairment (SLI), a condition 
characterized by unexpected difficulty with language 
acquisition in the presence of otherwise healthy devel-
opment. Children with SLI (also known as primary 
language impairment or developmental language dis-
order) do not have frank neurological, cognitive, or 
hearing impairments or difficulty in reciprocal social 
interactions characteristic of autism spectrum disor-
ders. SLI is one of the most common childhood learn-
ing disabilities, affecting approximately 7 to 8 percent 
of children at the time of kindergarten entry, accord-
ing to J. Bruce Tomblin and colleagues. Yet, approxi-
mately 70 percent of children with an SLI profile are 
not diagnosed or treated for language impairment 
during the preschool years. For children whose early 
language delays have not resolved by kindergarten 
entry, persistent difficulties with language and literacy 
are often observed into adolescence and adulthood.

Assessing	Grammatical	Development
Different methods have been used to assess grammat-
ical development, with children’s emergence, produc-
tivity, and mastery of grammatical structures often 
compared to expectations based on mean length of 
utterance (MLU). Emergence refers to the first uses 
of grammatical structures. Productivity refers to the 
use of a specific grammatical structure in several dif-
ferent lexical or syntactic contexts. For example, chil-
dren’s marking of the third-person singular present-
tense verb form –s may be considered productive if 
it is used on least five different lexical verbs—want-s, 

need-s, like-s, fit-s, and run-s. Mastery refers to accu-
rate and adultlike use of grammatical structures, typi-
cally defined as correct use in 90 percent of obligatory 
contexts. During the toddler years, when children are 
least compliant with standardized testing procedures, 
parent report and conversational language sampling 
provide indispensable sources of information about 
grammatical development. Measures for children 
with MLUs under 3.00 are used to characterize the 
emergence of grammatical structures as reported by 
parents or the grammatical productivity of forms 
used in language samples. The difficulties of chil-
dren with language impairments consist primarily of 
grammatical structure omissions. Errors of commis-
sion, or using the wrong grammatical structure in a 
specific context (e.g., I dances), are comparatively rare 
even during the earliest ages. During the preschool 
and early elementary years, standard probes are more 
commonly used (e.g., Here the girl is painting. Now 
she’s all done. Tell me what she did). Children’s accu-
rate use of structures in obligatory contexts may also 
be assessed in conversational or narrative language 
samples. Differences in accurate use of grammatical 
structures are less sensitive to proper identification of 
children with language impairments in middle child-
hood. Therefore, measures of grammaticality judg-
ment have been more useful with older children and 
adolescents. Grammaticality judgment tasks require 
individuals to determine whether a question or a sen-
tence sounds “OK” (e.g., What does the bug like to eat?) 
or “not so good,” (e.g., He behind the box.).

Milestones	in	Grammatical	Development
Typically, delays in grammatical development exceed 
the difficulties observed in lexical development and 
MLU. Therefore, it is important to consider the acqui-
sition of grammatical milestones for children with 
language impairments relative to typically developing 
children and relative to vocabulary size and utterance 
length. Thus, milestones in grammatical development 
are compared for typically developing children and 
children with SLI.

The typical toddler has acquired an initial expressive 
vocabulary of 50 words by approximately 18 months 
and begins to combine words by approximately 20 
months. Word combinations increase in frequency, 
and by the second birthday, the average toddler has an 
MLU of approximately 2.00. David Ingram observed 
that the ability to use words in unique syntactic com-
binations also increases gradually during this early 
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period, with acceleration in the number of unique 
combinations around the second birthday. At age 2, 
the typical toddler also has 200 to 300 words in his 
or her expressive lexicons. As MLUs approach 2.00, 
children are able to produce basic sentence types, 
subject–verb (e.g., I sit) and subject–verb–object (e.g., 
I want that). Notably, these different sentence types 
depend upon the acquisition of a verb lexicon made 
up of both intransitive (e.g., sleep or sit) and transitive 
(e.g., hit or push) lexical verbs. Children’s first sen-
tences are telegraphic or reduced in structure (e.g., I 
hungry; baby like juice; and juice spill).

During the third year of life, childlike sentences 
become more adultlike as forms encoding abstract 
grammatical features emerge, including plural –s to 
encode number, articles a and the to encode definite-
ness, progressive –ing to encode aspect, as well as verb 
affixes –s and –ed and word forms used to encode 
tense and agreement. The set of grammatical struc-
tures that encode tense and agreement, specifically 
copula and auxiliary be (i.e., is, am, are, was, and were), 
auxiliary do (i.e., do, does, and did), the third-person 
singular present (e.g., like-s), and regular and irreg-
ular past-tense verb forms (e.g., paint-ed, ate), have 
been the focus of considerable research because the 
acquisition of these morphemes plays a critical role 
in transforming childlike sentences into well-formed, 
adultlike sentences (e.g., I’m hungry; The baby likes 
juice; The juice spilled). In modern linguistic frame-
works, tense and agreement morphemes are referred 
to as finiteness morphemes. For typically developing 
children, productive uses of finiteness morphemes 
emerge between 24 and 36 months of age, between 
MLUs of 2.00 and 3.00. For most children learning 
English, finiteness morphemes are mastered during 
the preschool years. In other words, by the time chil-
dren enter kindergarten around age 5, their simple 
sentences have taken on an adultlike form, with MLUs 
of approximately 4.50.

In contrast, toddlers with language delays have 
fewer than 50 words or are still limited to single-word 
production at 2 years of age. Children with late onset 
of expressive language have also been referred to as 
late-talking toddlers or children with late language 
emergence. For young children later diagnosed with 
SLI, verb lexicon growth is an area of particular dif-
ficulty. Lila Gleitman and colleagues have charac-
terized verbs as hard words that present the learner 
with unique challenges compared to noun acqui-
sition. Verb acquisition is crucial to grammatical 

development because learning the meaning of a verb 
entails learning something about its sentence frame. 
Lexical norms from the MacArthur-Bates Communi-
cation Development Inventories: Words and Sentences 
indicate that 75 percent of toddlers are reported to be 
producing their first verbs by the second birthday (i.e., 
three verbs by 24 months and 28 verbs by 27 months). 
Research has demonstrated that the absence of verbs 
in a child’s expressive lexicon at age 2 increases his or 
her risk for language impairment. Although children 
with SLI show similar levels of noun diversity in their 
spontaneous speech as compared to MLU-matched 
children, their spontaneous speech shows less verb 
diversity during the transition from early word com-
binations to childlike sentences. In addition, differ-
ences in verb lexicon size differentiate preschool chil-
dren with SLI from their peers developing language 
typically. Thus, late onset and slow growth of verbs 
may be a useful indicator of increasing risk for SLI. A 
lack of verb lexicon growth in the presence of increas-
ing noun acquisition or utterance length may be of 
particular concern.

Young preschoolers with SLI may fail to produce 
a diversity of childlike sentences and grammatical 
morphemes. They also show more omission of gram-
matical subjects than MLU-matched peers. These dif-
ficulties are most evident with a subset of intransitive 
verbs, namely unaccusative verbs like fall. With unac-
cusative verbs, the object affected by the action under-
goes movement to subject position (e.g., the cup fell), 
and this may be more challenging for children with 
SLI. Pronoun errors are also commonly observed. For 
example, some preschool children with SLI substitute 
object pronouns for subject pronouns (e.g., me got gas 
in there; her messy; or him fall down). 

Other children have difficulty marking gender 
(e.g., he versus she or him versus her). Children with 
SLI also show very late onset and limited productiv-
ity of grammatical morphemes, especially tense and 
agreement morphemes. Thus, children with SLI con-
tinue to produce childlike sentences for an extended 
period of time. Using a general measure of grammati-
cality to capture progress toward adultlike sentence 
structure, Sarita Eisenberg and Ling-Yu Guo demon-
strated significant differences between 3- and 4-year-
olds with and without language impairment. In their 
study, only 38 percent of the sentences produced by 
children with language impairment were adultlike in 
comparison to 72 percent of the sentences produced 
by children with typical language abilities.
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With older preschool children and those entering 
elementary school, deficits in finiteness marking are 
recognized as a hallmark characteristic of SLI. Mabel 
Rice, Ken Wexler, and their colleagues have docu-
mented that nonmastery of finiteness marking is espe-
cially sensitive to the diagnosis of SLI at age 5, when 
the MLUs of children with SLI are between MLU 3.50 
and 4.00. At this age, children with SLI still omit tense 
and agreement morphemes, producing sentences like 
The kitty like yellow or The bears jumping. Nonmastery 
of finiteness has been demonstrated for more than 90 
percent of 5-year-olds with SLI in research samples 
as well as in clinically referred samples when mastery 
of finiteness is defined as 80 percent correct use of 
tense and agreement morphemes. Differences in the 
accuracy of finiteness marking are also evident when 
5-year-old children with SLI are compared to typi-
cally developing children matched for MLU. That is, 
typically developing 3-year-olds show more accurate 
marking of finiteness than 5-year-old children with 
SLI. Thus, deficits in finiteness exceed those expected 
based on utterance length.

Beyond age 8, differences between children with 
SLI and typical peers are less evident in spontaneous 
speech and on experimental probes; however, per-
sistent weakness in finiteness marking is apparent 
into adolescence when measures of grammaticality 
judgment are used. Children with SLI also show later 
emergence and slower progress toward mastery of 
complex syntax structures. The omission of obliga-
tory grammatical structures such as infinitival to and 
relative markers is observed into early elementary 
school, in contrast to mastery during the preschool 
years for typical language learners. 

Although grammatical development is clearly 
delayed for children with SLI, the sequence of gram-
matical development is remarkably similar to the 
sequence observed for typical peers. As underscored 
by Mabel Rice, once grammatical development 
begins, growth trajectories during the preschool and 
early school-age years are also similar. This indicates 
that language acquisition for children with SLI is 
more robust than one might assume. However, given 
the initial delay in onset, the available time period 
for language growth appears to run out before the 
end-state grammar is achieved.

Factors	Related	to	Late	Language	Emergence
Given that late onset of grammatical development 
places children at increased risk of SLI, Stephen 

Zubrick, Kate Taylor, and Mabel Rice investigated 
child, maternal, and family predictors of late lan-
guage emergence (LLE) using an epidemiologically 
ascertained sample of 1,766 singleton 24-month-old 
children. LLE was defined as “no or only occasional 
word combinations” at 24 months, reflecting a delay 
in the onset of expressive syntax rather than word 
acquisition. Numerous potential predictors of LLE 
were examined, including maternal age, education, 
employment, smoking history, mental health, and 
parenting characteristics as well as family structure, 
size, income, overall family functioning, and family 
history of late talking. Child variables included gen-
der and race, birth status measures, developmental 
measures of gross and fine motor skills, problem solv-
ing, communication, personal–social skills, behavior 
problems, temperament, and child care status. Only 
three variables were significant predictors of LLE: 
male gender, family history of LLE, and suboptimal 
fetal growth. Male children were almost three times 
more likely than females to demonstrate LLE. Chil-
dren born at less than 85 percent of their optimum 
birth weight or earlier than 37 weeks gestation were 
almost twice as likely to have LLE. Finally, children 
with a positive family history of LLE were twice as 
likely to show LLE. These findings are consistent with 
models that recognize the significant role of neuro-
biological and genetic mechanisms in the onset of 
language acquisition and language impairment.

Facilitating	Grammatical	Development
Intervention studies have also demonstrated that 
input focused on specific targets can facilitate gram-
matical development for children with SLI. Some 
studies have also identified predictors of individual 
intervention outcomes. For example, Lesley Ols-
wang, Stephen Long, and Paul Fletcher examined 
predictors of change following an early word com-
bination intervention for toddlers with expressive 
SLI. They found that verb lexicon diversity, com-
posed of intransitive verbs as well as transitive verbs, 
was associated with greater change in word combi-
nations nine weeks later. In another study, Monika 
Pawlowska and colleagues examined factors that 
influenced the acquisition of agreement morphemes 
for preschoolers with SLI. 

After accounting for age, they found that pre-
intervention differences in use of plural –s marking 
and use of subject–verb constructions were related to 
intervention gains on agreement morphemes. These 
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results were expected insofar as agreement reflects a 
structural relationship between sentence subjects and 
verbs, and the correct form must reflect the num-
ber feature of the grammatical subject. In contrast, 
grammatical morphemes unrelated to agreement 
marking (e.g., progressive –ing, and thematic of) 
were not related to intervention gains. These findings 
demonstrate the importance of understanding the 
relationships that exist between specific grammati-
cal structures as a means of determining readiness 
for targets of grammatical intervention and building 
the necessary foundation for subsequent grammati-
cal development.

Pamela A. Hadley
University of Illinois at Urbana–Champaign
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Grammatical	Gender
Grammatical gender is a system found in many lan-
guages. It assigns all nouns (including inanimate ones) 
to noun classes, marking neighboring words for agree-
ment. Languages differ in the number of gender classes 
and in the range of elements that agree in gender with 
the noun. In Hebrew, for example, verbs and adjectives 
are marked for gender, while in Spanish and French, 
articles also have to agree in gender with the nouns 
they precede (e.g., la pelota [the—feminine, ball—
feminine] versus el vaso [the—masculine, glass—
masculine]). Gender assignment affects agreement 
between the noun and all the elements that are syntac-
tically related to it, resulting in agreement patterns that 
can be local (between articles and nouns) or nonlocal 
(between a noun and a pronoun that refers to it). In all 
languages that mark gender, knowing a noun’s gender 
is essential for correct sentence construction. 

Grammatical gender is different from natural gen-
der. Natural gender is the distinction (found in all 
languages) between masculine and feminine entities 
(e.g., boy versus girl). Grammatical gender is a lin-
guistic category: It is assigned to all nouns (including 
inanimate ones) and can have more than two classes. 
Unlike natural gender, the assignment of grammatical 
gender is largely arbitrary and differs across languages 
(e.g., table is feminine in Spanish but masculine in 
Hebrew). Languages differ in the number of gender 
classes they have (e.g., two in Spanish, three in Ger-
man, and 23 in some Bantu languages) and in the reli-
ability and transparency of the cues to class member-
ship. To master this arbitrary system, children need to 
learn each noun’s gender and how it affects agreement 
patterns with other elements in the sentence. The 
acquisition of grammatical gender offers insight into 
the way children learn the regularities and exceptions 
of the language they are exposed to.

Languages differ with respect to the gender cues 
they provide learners. In many languages, there 
are phonological cues to class membership: Nouns 
belonging to the same class have similar form. In 
Spanish, for instance, most nouns ending in –o are 
masculine. In other languages, there are semantic cues 
to class membership, with nouns of the same class 
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having similar meaning (only humans or only plants). 
Phonological and semantic cues are probabilistic and 
cannot always correctly predict a noun’s gender; for 
example, nouns can be phonologically marked as one 
gender but belong to another. Distributional informa-
tion is another cue to gender assignment: Agreement 
patterns reveal if a noun is masculine or feminine 
(e.g., in Spanish, the article is a perfect predictor of 
the noun’s gender). While generally more reliable, dis-
tributional cues can also be inconsistent. In Hebrew, 
for instance, plural agreement may indicate one gen-
der, while adjective agreement will indicate another 
(e.g., efronot gdolim [pencils—feminine, big—mascu-
line]). The reliability and availability of cues to gender 
assignment differ across languages, a difference that 
affects how these systems are acquired.

Children master grammatical gender relatively 
early and make few errors in spontaneous speech. 
By the time they start producing articles (around age 
2), children mostly produce the correct article for a 
given noun. Correct agreement marking on verbs and 
adjectives is also learned early relative to other mor-
phological domains. 

Corpus studies of gender agreement in a range of 
languages (among them Hebrew, German, Russian, 
French, Spanish, and Bantu) suggest that children’s 
production is mostly error free by the time they are 3 
years old, even for languages with many gender classes. 
Children’s accuracy is affected by the regularity and 
consistency of the available cues. Within languages, 
nouns that have more reliable and transparent cues to 
gender assignment are acquired earlier. In languages 
(like Spanish or Hebrew) where the phonological 
form of the noun is predictive of its gender, children 
are more accurate with regularly marked nouns (ones 
that conform to the generalization) than irregularly 
marked nouns (ones whose phonological forms don’t 
reflect their gender assignments). They are also more 
accurate with nouns that have consistent agreement 
patterns, that is, where all distributional cues point to 
the same gender. Across languages, learning is facili-
tated when the phonological cues to class member-
ship are more regular and transparent (though even 
nontransparent systems, like that of French or Ger-
man, are acquired by the age of 4). 

Children’s knowledge of the various cues to gender 
in their language can be evaluated by asking them to 
attribute gender to novel nouns. Using this method, 
we can ask which cues children are sensitive to and 
how this sensitivity changes across development. 

While early studies suggested that children’s gender 
assignment is initially semantically based, more recent 
work illustrates children’s early sensitivity to phono-
logical and distributional cues. Children’s attribution 
of gender is sensitive to phonological cues even in lan-
guages (like French) where there are multiple noun 
endings that differ in the degree to which they pre-
dict a noun’s gender. Children’s performance is also 
affected by complex distributional patterns, like the 
relative frequency of noun classes and the reliability 
of different cues to gender assignment. 

Children’s knowledge of grammatical gender is also 
reflected in their ability to use gender information to 
guide language processing in real time. In languages 
that mark gender on articles (like Spanish or French), 
adult speakers use this information to process upcom-
ing nouns: They anticipate a feminine noun when 
they hear a feminine-marked article. Young Spanish-
speaking children (age 3) can already use the gender 
information on articles in a similar way. In a looking-
while-listening paradigm (in which children look at 
pictures while hearing sentences), children were faster 
to recognize the correct noun on trials when the two 
objects differed in gender. Similar results have been 
found with young French-learning toddlers (2 years 
old). As in production, children’s sensitivity to gender 
information is manifested early on. 

Interestingly, the process of acquiring a grammati-
cal gender system seems different in first (L1) and 
second (L2) language learning. While children learn-
ing their first language master grammatical gender 
relatively early, L2 learners have persistent difficulty 
with grammatical gender, even after extensive expo-
sure. Native and nonnative speakers also differ in their 
ability to use gender information in online processing. 
Unlike native speakers (adults and young children), L2 
learners do not use the gender information conveyed 
by articles to anticipate the subsequent noun and seem 
to treat the article and noun as a less cohesive unit than 
do native speakers. These differences are studied as a 
way to shed light on the different learning mechanisms 
involved in first and second language learning.

Inbal Arnon
Hebrew University
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Morphological Development.
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Grammaticality		
Judgment	Task
In a grammaticality judgment task, participants are 
presented with a sentence, phrase, or individual word 
(most often in spoken form but sometimes written) 
and asked to rate its grammatical acceptability. Adults 
can be asked directly to make a judgment regarding 
acceptability (although grammaticality and related 
terms are usually avoided because the aim is to tap into 
speakers’ intuitions about what sounds right, rather 
than their knowledge of explicit grammatical rules of 
the type that are sometimes taught in schools). Chil-
dren are typically asked to judge whether a particular 
speaker (generally a puppet or toy, as children may be 
reluctant to correct an adult) said it right or whether 
his or her speech sounded a bit silly.

Children may be asked to provide either binary or 
graded judgments. In the former case, children have 
only two possible responses. A number of different 
scenarios are commonly used. For example, children 
might be asked to classify the utterances of a single 
character as either right or wrong (or a bit silly) gen-
erally by either (1) selecting a card showing a tick or 
a cross, or (2) rewarding or punishing the character 
(e.g., by feeding him a cookie or a rag). Alternatively, 

children might be asked to listen to two characters 
producing different forms of the same utterance—for 
example, one correct, one ungrammatical—and to 
choose the one who said it better (e.g., by pointing 
to or rewarding this character). In the case of graded 
judgments, children are given three or more options. 
In perhaps the most commonly used method, chil-
dren place a counter on a color-coded smiley-face 
scale with five faces ranging from saddest to happiest, 
corresponding to wrong, wrong but not terrible, a little 
bit wrong and a little bit right or somewhere in between, 
good but not perfect, and right.

The main advantage of binary judgments is that 
they can be obtained from children as young as 2 
years 4 months (as compared with 4 years for graded 
judgments). The main advantage of graded judg-
ments is that they provide a within-subject measure 
of the relative acceptability of different forms (includ-
ing, for example, two forms that would both be rated 
as wrong in a binary judgment task). However, the 
choice of a binary versus graded task is not simply a 
question of methodology. Some theoretical accounts 
view the adult grammar as classifying each potential 
utterance as either possible or impossible (in which 
case only a binary judgment can ever be meaningful), 
while others argue that grammatical knowledge is 
inherently probabilistic.

As an example of a domain in which grammati-
cality judgment tasks are often used, consider over-
generalizations of grammatical constructions, which 
occur when a child uses a verb in a construction in 
which it is not permitted in the adult grammar (e.g., 
The clown laughed the boy). Suppose that the goal is 
to test the prediction of one particular theoretical 
account that such errors will be rated as less unac-
ceptable when they occur with lower-frequency verbs 
(e.g., The clown giggled the boy). No comprehension 
measure (e.g., act out, preferential looking, or point-
ing) would allow for an appropriate test of this pre-
diction, as there is no reason to believe that a correla-
tion exists between interpretability and acceptability 
(indeed, both sentences are readily interpretable). A 
production task would be more suitable, assuming 
that it were somehow possible to place the child in 
a suitably constraining discourse scenario. However, 
this task would still provide only a rather indirect 
measure of acceptability. For example, a child might 
produce an utterance that he or she knows to be less 
than fully acceptable (e.g., The clown giggled the boy) 
if no suitable alternative comes to mind (e.g., if she 
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has not yet learned an alternative formulation such 
as The clown made the boy giggle). Thus, in scenarios 
where the dependent measure of interest is the rela-
tive acceptability of particular forms, a grammatical-
ity judgment task would seem to constitute the most 
appropriate paradigm.

As the examples above suggest, grammaticality 
judgment tasks are used mostly to obtain a mea-
sure of the relative acceptability of errors (or alter-
natively, of novel forms, e.g., novel past-tense forms 
such as splung versus splinged as the past tense of 
spling). In such cases, it is important to also obtain a 
measure of equivalent grammatical forms (e.g., The 
clown made the boy giggle). This allows ungrammati-
cality to be quantified as a score reflecting partici-
pants’ dispreference for ungrammatical uses (i.e., a 
difference score), which controls for factors such as 
word frequency, imageability, social desirability of 
the event described, and so on.

Grammaticality judgment tasks have been used 
with children to investigate errors in many domains 
of language acquisition, including—in addition to 
those outlined above—the following:

• Word order errors (e.g., Teeth your brush), 
semantically anomalous sentences (e.g., 
Throw the sky), and telegraphic speech (e.g., 
Bring ball).

• Mass or count noun errors (e.g., much chairs 
or every chairs).

• Sentences with novel verbs (e.g., The funny 
clown meeked [laughed] Bart) and even 
(with adults) entire novel languages (Glim 
blergen tombat-ka [Hits lion—patient, 
giraffe—agent]).

• Overgeneralizations involving the dative and 
locative constructions (e.g., John suggested 
Sue the trip; Lisa poured the cup with water).

• Errors of incorrect or omitted tense or 
agreement (e.g., I likes toast; The bear want a 
drink), including among children with SLI.

• Morphological over-extension errors of 
the reversative prefix un– (e.g., unclose or 
unsqueeze).

Ben Ambridge
University of Liverpool
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High-Amplitude		
Sucking	Procedure
The high-amplitude sucking technique (HAS), also 
called non-nutritive sucking, is an experimental 
method appropriate for testing infants from birth 
to age 4 months. The HAS technique capitalizes on 
infants’ sucking reflex: Infants hear a sound stimulus 
every time they produce a strong or high-amplitude 
suck. The number of high-amplitude sucks produced 
is used as an index of interest. Variants of the proce-
dure can be used to test infants’ discrimination of and 
preference for a variety of language stimuli. The use of 
HAS in the field of language acquisition was pioneered 
by Peter D. Eimas and his colleagues in their 1971 study 
of categorical discrimination, where they showed that 
1- to 4-month-old infants are more sensitive to an 
acoustic difference that crosses an adult consonant 
boundary than to one that does not. In the more than 
40 years since this initial study, the HAS technique has 
been foundational in understanding speech perception 
in very young infants. Recently, the popularity of HAS 
has declined in favor of newer brain-based techniques 
that do not require an overt behavioral response.

HAS studies with neonates are conducted in the 
hospital within a few days after birth, while studies 
with older infants are conducted in the laboratory. In 
a quiet room, infants are seated either in an infant-
appropriate chair or on an experimenter’s lap. Infants 

are offered a sterilized pacifier, which is connected 
to a pressure transducer. The pacifier is held in place 
either by the experimenter or by a mechanical arm. 
The pressure transducer relays information to an 
adjacent computer about the frequency and intensity 
of the infants’ sucking. A silent baseline period lasting 
1 to 2 minutes is used to measure the infants’ average 
frequency and intensity of sucking when no stimu-
lus is played. Subsequently, experimental stimuli are 
played when infants deliver a high-amplitude suck, 
for example, those falling in the upper one-third of 
their sucking range. There are two basic variants of 
the HAS procedure: discrimination and preference.

Discrimination
To test infants’ discrimination of different classes of 
stimuli (e.g., different syllables or different languages), 
infants are habituated to one type of stimulus. During 
the habituation phase, each time the infants produce 
a high-amplitude suck, a sound is played over loud-
speakers. This continues until infants’ sucking has 
declined to a predetermined level, for example, a 20 
percent reduction in the number of high-amplitude 
sucks produced per minute. Habituation typically 
lasts between 5 and 15 minutes. Once the habitua-
tion criterion has been met, infants proceed to the test 
phase, which typically lasts for 2 to 5 minutes. Infants 
in the control condition continue to hear more stim-
uli of the same type as heard during habituation. 
Infants in the experimental condition hear stimuli of 

H



a new type. If infants can discriminate between the 
two stimulus types, sucking is expected to increase 
for infants in the experimental condition but not for 
infants in the control condition.

Preference
To test infants’ preference for different stimuli (e.g., 
preference for the native language over a foreign 
language or for a familiar voice over an unfamiliar 
voice), two different stimuli are available on alternat-
ing minutes. For example, during minute 1, infants 
hear stimulus A each time a high-amplitude suck is 
produced (e.g. French sentences), and during minute 
2, infants hear stimulus B each time a high-amplitude 
suck is produced (e.g. English sentences). The two 
types of stimuli are presented alternately, typically for 
a total of 10 minutes. The number of high-amplitude 
sucks produced during each minute type is compared. 
Infants demonstrate a preference for one stimulus 
over the other if they suck reliably more during one 
minute type than during the other.

The basic mechanism underlying the HAS proce-
dure is thought to be operant conditioning. Infants 
suck more to interesting stimuli because they learn 
that a high-amplitude suck will produce a rewarding 
sound. It has also been suggested that high-amplitude 
sucking is a simple index of infant arousal. Some vari-
ants of the HAS procedure thus do not involve a con-
tingency between sucking and sound presentation. 
However, both proposed mechanisms yield the same 
prediction, that infants will suck more in response to 
interesting than to disinteresting stimuli.

The HAS procedure presents several methodologi-
cal challenges. First, infants must be awake and willing 
to suck to begin the study, yet neonates spend much 
of their time sleeping and can be difficult to wake. 
Further, among infants that do begin the procedure, 
attrition rates are often high. Common reasons for 
attrition include loss of interest in sucking partway 
through the study, falling asleep during the study, 
the pacifier slipping out of the infant’s mouth, and 
crying. Finally, there are no commercially available 
HAS systems, thus this procedure requires custom 
hardware and software. Due to these methodological 
challenges, there has been a decline in the use of the 
HAS procedure in favor of noninvasive neuroimaging 
techniques. These include near-infrared spectroscopy 
and event-related potentials, which are appropriate 
for very young infants but do not require an overt 
behavioral response.

Despite its limitations, the HAS procedure has been 
important to the field of language acquisition and has 
been instrumental in advancing knowledge of speech 
and language perception in very young infants. For 
example, HAS studies have shown that very young 
infants can discriminate numerous languages and 
speech sounds from each other and can discriminate 
different voices, syllables, stress patterns, and pitch 
contours. Further, neonates show a preference for their 
native language, for their mother’s voice, for passages 
familiarized during pregnancy, for speech over non-
speech, and for content words (e.g., nouns or verbs) 
over function words (e.g., prepositions and articles). 

Krista Byers-Heinlein
Concordia University
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Home	Environment		
(Effects	on	Language	and	
Literacy	Development)
Over the past 30 years, increasing attention has been 
paid to the effects of home environments on children’s 
language and literacy development. Home language 
environment generally refers not only to the home and 
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the physical resources it provides (e.g., books, news-
papers, and writing materials) but also to the social 
interactions and relationships that occur within home 
contexts. Various terms have been used to refer to the 
relationships among home literacy environments and 
children’s literacy and language development includ-
ing family literacy and language practices, home literacy 
environments, literacy in families, home-based literacy 
and language processes, literacy and language among 
family members, and home literacy experiences. Some 
researchers focus on specific dimensions of the home 
literacy and language environment, including parent–
child joint book reading experiences or parent–child 
storybook reading.

Family literacy is perhaps the most common term 
used to reference the literacy and language practices 
that occur in children’s homes. Denny Taylor origi-
nated the term in her dissertation; subsequently, Family 
Literacy became the title of the book she published in 
1983. While the book did not present a formal defini-
tion of family literacy, it explored how literacy styles and 
values were practiced within families. She noted that 
family members were often minimally aware of these 
practices and their possible significance for children’s 
language and literacy learning. As Taylor explained, 
literacy operated as a social process within everyday 
people’s lives—a part of the very fabric of family life.

National policies and federally supported pro-
grams have historically identified family literacy as a 
potential solution to the economic and social dispari-
ties that divide diverse groups of people in the United 
States. During the late 1980s and early 1990s, various 
family literacy programs were established including 
Even Start, a federally sponsored intergenerational 
family literacy program designed to provide literacy 
services to low-income adults and children, and the 
Head Start Family Literacy Initiative, designed to help 
parents develop literacy skills that would enable them 
to act as their children’s first teachers. While the early 
2000s were characterized by a general shifting of social 
responsibility from the public sector to individuals by 
reducing public services for families, strong rhetoric 
continues to support literacy as a potential cure for 
poverty and social ills as evidenced in the following 
quote from Sharon Darling, “Certainly, one of the 
underlying causes of unemployment, underemploy-
ment, and poverty is low literacy skills.” 

Among the scholars who focused on language and 
literacy learning in children’s homes is Shirley Brice 
Heath. Heath conducted an ethnography of language 

and literacy practices in homes that has become the 
most widely cited text in the field of family literacy. 
Based on her longitudinal work in European Ameri-
can and African American working-class communities, 
Heath identified differing language and literacy prac-
tices and noted how the literacy and language prac-
tices in both of these communities differed from those 
found in the homes of white, middle-class students.

These qualitative, descriptive studies inspired quan-
titative researchers to identify causal variables and con-
struct predictive models that draw on home environ-
ment practices to explain the differential school success 
of children from diverse backgrounds. Significant 
numbers of quantitative studies began to appear during 
the early 1990s. These studies generally relied on tradi-
tional measures of literacy achievement (i.e., Peabody 
Picture Vocabulary Test-Revised [PPVT-R], Illinois 
Test of Psycholinguistic Abilities, Woodcock, Metro-
politan Readiness, and the Stanford Achievement Test) 
to measure literacy and language development over 
time. Several of these prominent quantitative research-
ers highlighted relationships between storybook read-
ing and later reading achievement in school.

As V. Totsika and K. Sylva report, the Home Obser-
vation for Measurement of the Environment (HOME) 
is without doubt the most commonly used environ-
mental assessment instrument in developmental 
research that focuses on the quality and quantity of 
stimulation and interaction provided to children in 
home environments. Developed by Bettye Caldwell 
during the 1960s, this assessment has been through 
multiple revisions and refinements. While designed 
as a screening mechanism to identify children whose 
home environments might not be providing adequate 
support, the assessment has been used as a predic-
tor of cognitive development and attachment status 
and to assess the impact of disability, poverty, existing 
medical problems, maternal psychopathology, and 
parental substance abuse on children’s development 
and readiness for school. Researchers have also used 
the HOME as a pre- and post-measure to evaluate 
the effects of family interventions. While the HOME 
continues to be used, some researchers, particularly 
those working with diverse populations of children, 
have moved away from or supplemented these types 
of static assessments to focus on the local literacy and 
language practices occurring in diverse homes that 
might not be captured by any single assessment.

The effect of home environment on language 
and literacy development has become a common 
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explanation for the differential success of children 
from differing cultural and linguistic backgrounds. 
While diversity in terms of culture, social class, race, 
ethnicity, and language generally characterize the pop-
ulations that are the focus of family literacy research, 
it is unclear whether educators and researchers have 
grappled with the full significance of this diversity. 
Some scholars have expressed concern that issues 
related to diversity have contributed to the construc-
tion of binaries that explain the effects of home literacy 
environments on language and literacy development. 
The terms strengths and deficits are generally used to 
reference the most frequently cited binary within fam-
ily literacy scholarship. In short, families are presented 
as either possessing literacy and language strengths or 
lacking literate or linguistic abilities.

Quantitative studies tend to treat difference as a 
methodological variable that correlates with specific 
literacy practices and eventual school progress. These 
predictive and causal research studies documented 
the degree to which children met accepted bench-
marks of school progress—passing tests, advancing 
through grade levels, moving through defined scope 
and sequences, meeting standardized benchmarks, 
and mastering sets of information. Not only do these 
methods define success in terms of school-sanc-
tioned expectations, but they also invoke linear and 
assumedly universal trajectories that are shared by 
all normally progressing students. These studies are 
clearly aligned with institutional norms and expecta-
tions and strive to help all children master the skills 
and abilities that are valued within school contexts 
and accepted as evidence of language and literacy 
development and learning. Because these approaches 
focus on providing children with scientifically iden-
tified experiences that correlate with school success, 
they are sometimes described as deficit approaches 
based on their focus on addressing the deficiencies 
that children are assumed to bring to language and 
literacy learning.

In contrast, strength-based approaches focus on 
the language abilities and literacy practices that exist 
in diverse households. These studies are less interested 
in ensuring that children meet static and assumedly 
universal benchmarks for achievement. Instead, they 
argue that rich and sophisticated language and literacy 
practices exist in all homes and that it is the respon-
sibility of schools and teachers to recognize and nur-
ture those skills in support of the children’s language 
and literacy development. These researchers highlight 

the interests and abilities of families, arguing that it 
is the educators’ responsibility to understand the 
families they serve and to recognize their strengths. In 
addition, strength-based perspectives argue that edu-
cators in diverse communities may pursue particular 
goals unique to their local communities. These goals 
are understood as changing and evolving and may or 
may not reflect specific school expectations. Educa-
tors working from strength-based perspectives argue 
that family literacy programs must identify their pur-
poses through ongoing discussion and negotiation 
with families; the perspectives of family members are 
key to designing programs that are both effective and 
durable. As Patricia Edwards explains, collaborations 
between home and school engage families and stu-
dents in lived experiences that are not a preparation 
for democratic involvement but are themselves trans-
formative and educative. 

These debates relate to the nature of literacy and 
goals of language and literacy learning and suggest 
divergent approaches to supporting families and 
their children. Approaches grounded in causal stud-
ies that are designed to identify home literacy and 
language practices that correlate with later school 
success have informed the development of family 
literacy programs designed to train parents to pro-
vide their children with the types of experiences that 
have been identified as enhancing literacy learning in 
schools. In particular, these programs provide par-
ents with explicit instruction in storybook reading, 
talking with their children, home writing activities, 
and games and activities to help children learn basic 
reading and writing skills. Parents are often provided 
with books and materials that they can use at home 
with their children.

In contrast, approaches that highlight the strengths 
and abilities of families focus on helping teachers to 
develop relationships with families in order to learn 
about families and identify funds of knowledge that 
can inform classroom learning. These programs 
advocate that teachers act as ethnographers to learn 
about language and literacy practices in local com-
munities. Funds-of-knowledge approaches are based 
on the premise that people are competent, they have 
knowledge, and their life experiences have given them 
knowledge. Teachers engage in interviews, observa-
tions, and analyses of artifacts to identify the strengths 
that students and their families bring to classrooms. 
Norma Gonzalez and her colleagues have provided 
examples of how practitioners, within the limits of 
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their very real structural constraints, can realisti-
cally carry out emancipatory and liberatory pedago-
gies. While the methods for learning about families 
are generalizable, the instructional practices based on 
families’ funds of knowledge are always local.

The tensions that have characterized conceptions of 
language and literacy research and practice in home 
environments are revealing and present possibilities 
for future research and practice. Deficit and strengths 
approaches share a commitment to helping all children 
succeed in school. As some educators and researchers 
have argued, there is also value in compromise. 

Specifically, educators must recognize and con-
sider the literacy demands that children will encoun-
ter in school if children are to be successful while 
also recognizing the possibilities that are offered by 
encouraging educators to consider the language and 
literacy practices that characterize home language 
and literacy environments. As Allan Luke main-
tained, educators must set aside issues of truth for 
the moment and form a provisional political coali-
tion that addresses the possibilities presented by both 
deficit-based and strength-based approaches.

Catherine Compton-Lilly
University of Wisconsin–Madison
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Home	Sign
Deaf children who are born to deaf parents and 
exposed to sign language from birth learn that lan-
guage as naturally as hearing children learn the spo-
ken language to which they are exposed. Children 
who lack the ability to hear thus do not have deficits 
in language learning and can exercise their language-
learning skills if exposed to usable linguistic input. 
However, 90 percent of deaf children in the world are 
born to hearing parents who are unlikely to know a 
sign language and typically want their child to learn 
spoken language. Although these deaf children have 
intact language-learning skills, they have no linguis-
tic input to apply their skills to. Under these circum-
stances, deaf children use gestures––called home 
signs––to communicate with the hearing individuals 
in their worlds. Home sign systems thus arise under 
two conditions––when a child’s hearing losses are 
so profound that the child is unable to learn spoken 
language, even when given hearing aids and intensive 
instruction, and when the child’s hearing parents do 
not expose the child to sign language.

Despite the fact that they are fashioned without 
access to a language model, home signs display many 
of the basic properties of natural languages. Home 
signers’ gestures form a lexicon. These lexical items are 
themselves composed of parts akin to a morphological 
system. Moreover, the lexical items combine to form 
structured sentences akin to a syntactic system. The 
gestures in the sentences follow word-order patterns 
and can be chunked into constituents. In addition, 
home signs contain lexical markers that modulate the 
meanings of sentences (negation and questions) as 
well as grammatical categories (nouns and verbs, sub-
jects and objects). Finally, home sign is used not only 
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to make requests of others but also to comment on the 
present and nonpresent (including the hypothetical) 
world and to “talk” to oneself––that is, to serve the 
functions that all languages, signed or spoken, serve. 
Home sign thus differs from the gestures that hear-
ing children produce as they learn language, which 
are typically single pointing gestures or an occasional 
iconic gesture. Hearing children rarely combine their 
gestures into strings and thus do not produce the ges-
ture sentences that characterize home sign.

Home signers are not exposed to codified language 
input and, in this sense, differ from children whose 
hearing parents use baby signs with them. Baby signs 
were developed to give parents a way to communicate 
with their hearing children before they are ready to 
talk. But, home signers are exposed to the spontane-
ous gestures that hearing people produce when they 
talk, which could, in principle, serve as a model for 
their gestures. However, co-speech gestures, as they are 
known, differ from home sign not only in function but 
also in form. In terms of function, co-speech gesture 
works along with speech to communicate; home sign 
assumes the full burden of communication. In terms 

of form, co-speech gesture relies on mimetic and ana-
log representation to convey information; home sign 
(like sign language) relies on segmented forms that are 
systematically combined to form larger wholes. The 
co-speech gestures that home signers see are thus dif-
ferent from the gestures that they themselves produce. 

Two important characteristics of home sign follow 
from these facts: (1) the linguistic properties found 
in home sign cannot be traced to the gestures that 
the home signers’ hearing parents produce when 
they talk, and (2) home sign systems are not shared 
in the way that conventional communication systems 
are shared. The deaf child’s hearing parents produce 
co-speech gestures, which form an integrated system 
with the speech they accompany and thus are not free 
to take on the properties of the child’s home signs. 
As a result, although parents respond to their child’s 
home signs, they do not adopt them. Home sign is 
thus a produced but not a received system and, in this 
sense, differs from conventional sign languages and 
even from village sign languages (sign systems that 
evolve within a community containing more than 
one deaf individual).

The home signer first produces a “drIve” gesture to indicate that they drove to the airport to pick up the uncle (indicated through two 
gestures, “beard” and “moustache”). He then gestures that they brought the uncle to his house (indicated by a point at his chest, 
“my”) and that the uncle stayed in the house (“sleep” “there”). After a pause, the home signer indicates that the event happened a 
while ago (“drive” “in-the-past”).

Figure	1 A home signer gesturing about the time his uncle came to visit
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Home signs may, however, hold a special place in 
the analysis of sign languages. It is likely that many, if 
not all, current-day sign languages have their roots in 
home sign. Home signs have much in common even 
if they are developed in very different circumstances 
around the globe. 

These shared properties reflect either the linguistic 
capacities that all human beings share or constraints 
imposed by the manual modality itself. Understand-
ing the differences between modern-day sign lan-
guages and home sign provides insight into pressures 
that move languages away from their original starting 
points. Home sign thus offers a glimpse into the most 
fundamental properties of language and provides an 
anchor point against which to examine the trajecto-
ries sign languages (and perhaps all languages) take 
as they evolve.

Susan Goldin-Meadow
University of Chicago
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Humor
Humor is relevant in language development for sev-
eral reasons. Humor is communicative in nature as 
humor is almost always shared. Humor can serve as 
an introduction to pragmatics as humor has both a 
literal and intended meaning. Children’s sense of 
humor reflects their level of language development 
as one can only understand jokes in relation to mas-
tered concepts. It is thus not surprising that children 
with communication and language disorders often 
show humor deficits. Finally, humor may be useful in 
encouraging language development.

Incongruity	Theories
Several cognitive models of humor espouse that 
humor is the product of noticing and appreciating 
incongruities, that is, things that are unexpected, 
unusual, or out of the ordinary. These theories suggest 
children’s humor develops alongside their cognitive 
abilities. From a language point of view, as children’s 
language abilities develop, their appreciation for jokes 
involving language abilities also develops. In 1979, 
P. E. McGhee theorized that from 2 years, toddlers 
produce mislabeling jokes, such as calling an apple a 
banana, once they have expanded their vocabularies. 
He also theorized that, from 3 years, children appre-
ciate jokes involving incongruous attributes, that is, 
jokes involving playing with concepts, such as sug-
gesting wheels are square. These types of jokes could 
thus be expressed when children can verbalize their 
understanding of concepts.

Research supports this theory to some extent. A 
case study found one child produced mislabeling 
jokes from 15 months (e.g., calling a hummingbird a 
duck). Interestingly, these jokes were made on average 
50 days after the words inherent to the jokes were first 
used. The child also produced jokes based on con-
ceptual incongruity from 18 months (e.g., saying a 
horse says “baa”). Parents of children between 0 and 
4 years report children make conceptual incongruity 
jokes from 2 years and mislabeling jokes from 3 years, 
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and observation of parent–child humorous play with 
2- and 3-year-olds found similar results. This may be 
because mislabeling jokes actually involve having a 
high level of metalinguistic awareness as they involve 
playing with language itself in a way that incongru-
ity jokes do not. Thus, the ability to verbally express 
incongruities may allow children to create verbal 
jokes in general, while further advances in metalin-
guistic awareness may allow children to make mis-
labeling jokes.

From 4 or 5 years, children’s incongruity humor 
can develop into more specific forms, such as hyper-
bole. In observational work, children were found 
to make jokes such as, “I could eat a whole doctor’s 
office, even the people,” demonstrating the ability to 
play with language to exaggerate.

In 1972, T. R. Shultz theorized that humor involves 
both incongruity and resolution, where the joke makes 
sense in a new context. Puns are the first example of 
this. Puns involve noticing a sentence is at first incon-
gruous but, with a second interpretation, makes sense 
(resolution). Children typically appreciate puns from 
around 8 years. This is linked to their ability to under-
stand conservation. In experiments, children from 
6 to 12 years were told the beginning of a joke and 
asked to choose the funniest punch line. For example, 
one joke began, “Why did the cookie cry,” with pos-
sible answers: (1) because its mother had been a wafer 
so long (incongruity and resolution), (2) because 
its mother was a wafer (incongruity), (3) because it 
was left in the oven too long (resolution). Children 
chose the incongruity and resolution answer from 8 
years, but chose either answer involving incongruity 
equally at 6 years. Additionally, older children better 
explained their understanding of the jokes.

Humor	and	Pragmatics
Humor often falls outside central theories of language 
as it is nonliteral in nature, such that what is said is 
generally not what is meant, similar to metaphor, 
irony, and lying. Pragmatics have been invoked to 
explain how we process humor. In 1989, H. P. Grice 
attempted to account for non-natural communica-
tion, including jokes, by specifying that the speaker 
must communicate his or her intention to joke to the 
listener for the act to be communicative. From a pro-
cessing point of view, a Relevance Theory account of 
humor suggests that, when we process a humorous 
utterance, we already know the intention behind the 
utterance is to be humorous. If the intention to joke 

was not conveyed, people may take the joke literally, 
and the message would be misunderstood.

Thus, humor can serve as an introduction to 
pragmatics. Indeed, parents support this pragmatic 
understanding early on. When reading a book con-
taining jokes versus literal information, parents used 
more language showing disbelief. For example, if 
joking that ducks say “moo,” parents said things like, 
“Ducks don’t really say moo!” Parents thus essentially 
explained the jokes, conveying both the literal and 
pragmatic meanings. Using the same paradigm, when 
telling jokes versus speaking literally, parents exag-
gerated their use of child-directed speech (CDS) and 
used a rising linear contour. CDS can help toddlers to 
better hear and hence understand what has been said, 
while a rising linear contour can indicate the dual sta-
tus of the statement. The sentence itself contains a lit-
eral interpretation, while the rising contour makes the 
sentence sound questionable and hence untrue.

From 30 months, toddlers demonstrate their 
understanding of pragmatics in mislabeling jokes. An 
experimenter either mislabeled familiar objects (e.g., 
calling a shoe an oogy boo), and gave humorous cues 
(laughter), or gave sincere cues (“There!”). Toddlers 
more likely gave wrong labels themselves when the 
experimenter laughed. Similarly, one experimenter 
requested a familiar object from another experi-
menter (e.g., spoon), and the other experimenter gave 
the wrong object (e.g., toy pig), either laughing or 
saying, “There!” Again, toddlers more likely gave the 
wrong object when the experimenter laughed.

In another experiment, an experimenter falsely 
named three objects, with a neutral expression, mixed 
in with seven correctly labelled objects. When asked 
why the experimenter said what he or she had said, 2- 
and 3-year-olds readily attributed the false statement 
to mental states, often stating the experimenter was 
joking or being silly. Thus, toddlers understand humor 
involves doing or saying something wrong on purpose.

In a further set of experiments, children heard sto-
ries in which a character said a falsehood (e.g., they 
had made a picture, which they had not, or had eaten 
their peas, when they had not), either in a context 
suggesting joking (the person who told the falsehood 
knew their audience knew they were telling a false-
hood) or a context suggesting lying (the person who 
told the falsehood thought their audience did not 
know they were telling a falsehood). Children cor-
rectly identified the jokers and liars from around 5 
years. This requires an even higher level of pragmatic 
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understanding as both concepts involve intentionally 
saying the wrong thing but for different reasons.

Humor	and	Communicative	or	Language	Disorders
Humor deficits are found in children with com-
municative and language disorders. Autism Spec-
trum Disorder (ASD) is characterized by commu-
nication deficits, including deficits in pragmatic 
skills. Children with ASD also display differences 
in humor development. For instance, according to 
parent reports, in toddlerhood, children with ASD 
appreciate nonsocial humor (e.g., slapstick) but not 
social humor (e.g., funny faces), contrary to typi-
cally developing (TD) children and children with 
Down syndrome. Additionally, unlike TD toddlers 
in a study explained earlier, when adolescents with 
ASD (mean age 15 years) were asked why an experi-
menter mislabeled objects, adolescents with ASD 
did not refer to mental state explanations (e.g., that 
they were joking) but instead simply said the experi-
menter was wrong.

In another experiment, adolescents with ASD 
again showed humor impairments. Adolescents were 
shown a series of cartoons or the body of a joke, miss-
ing the punch lines. They were then asked to choose 
an ending out of four: straightforward, humorous, 
associative but unexpected, or neutral and unex-
pected. Adolescents with ASD were less able to iden-
tify joke endings for fully verbal jokes than TD peers 
but were equally good at identifying verbal endings 
for cartoon jokes.

Adolescents with language impairments also 
showed verbal humor deficits compared to TD peers. 
When tested on their understanding of lexical, pho-
nological, morphological, and syntactic jokes, ado-
lescents with language impairments were less able to 
comprehend the jokes. Interestingly, like children with 
ASD, children with specific language impairment often 
have deficits in mental state understanding (Theory of 
Mind), which could help explain the results.

Children with articulatory impairments also show 
specific impairments in humor comprehension. Chil-
dren were asked to explain puns. Some of these puns 
related to their articulatory impairment. For instance, 
for children who had difficulty articulating the pho-
neme /s/, a phonological pun related to their impair-
ment would be, “Why couldn’t the crab learn to share? 
Because he was a shellfish.” In contrast, a phonologi-
cal pun not relying on the phoneme related to their 
impairment might be, “What is a firefighter’s favorite 

game? Follow the ladder.” Children who misarticu-
lated phonemes such as /s/ or /r/ were less able to 
explain puns relying on those specific phonemes.

Adolescents with a variety of head injuries cover-
ing many different brain areas also showed linguistic 
humor impairments on jokes involving morphologi-
cal, semantic, and syntactic humor compared to TD 
controls. They were shown cartoons with written cap-
tions and asked to select why they were funny out of 
three possible answers. For instance, in a cartoon of 
cheetahs cheating on a test, a cheetah tells the teacher, 
“They’re a bunch of cheetahs.” Children had to iden-
tify whether this was funny because (1) the animals 
were really leopards, (2) the animals were cheetahs 
and were cheating, or (3) cheetahs don’t go to school. 
Adolescents with head injuries performed more 
poorly on the task than TD adolescents.

In contrast, deaf children show no differences to 
TD children in appreciating nonverbal cartoons. Par-
ticipants (6–21 years) rated cartoons without captions 
on how funny they were. There were no differences 
between groups. Deaf communities create jokes influ-
enced by jokes in their surrounding hearing culture 
and their own visual experiences, and their jokes also 
reflect the culture of their deaf community. These jokes 
include metalinguistic jokes relating to sign language.

Encouraging	Communication	and		
Language	Skills	With	Humor
Humor may help develop children’s language skills. For 
example, jokes can be helpful in increasing children’s 
reading comprehension. Seven- to 9-year-olds, with 
typical or below-average reading comprehension, dis-
cussed and resolved ambiguities in jokes over several 
sessions. Reading comprehension scores increased for 
both groups of children. This increase was accounted 
for by increases in metalinguistic comments.

Pun-generating games also help children with 
cerebral palsy who have communicative, language, or 
learning difficulties. Children played with STANDUP 
pun-generating software, which creates puns via an 
algorithm, over eight weeks. For instance, the software 
has produced puns such as “What do you get when 
you cross a monkey with a peach? An Ape-ricot.” 
Using the software encouraged discussion and shar-
ing jokes with others.

Stages	of	Verbal	Humor	Development
From 2 years, parents report toddlers start to invent 
their own novel jokes, and their repertoire includes 
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conceptual jokes where they describe unlikely or 
impossible events (e.g., saying dogs have three tails) 
and jokes covering taboo topics (e.g., poo jokes). 
Observational research supports this progression. 
Additionally, experimental research shows that, from 
30 months, toddlers make up their own novel mislabel-
ing jokes. In a study discussed earlier in which experi-
menters mislabeled familiar objects and marked them 
with laughter or “There,” there were also extension 
trials in which the experimenter no longer modeled 
the jokes. Toddlers in the laughter group continued to 
make up their own novel object labels (e.g., one child 
called a cup a “goojooboojoo”), while children in the 
sincere group named objects appropriately.

In experimental work, children of ages 4 to 13 
years were asked what they might say to a friend or 
teacher who was sad in order to make them laugh. 
Four- to 8-year-olds primarily made jokes that vio-
lated language or logical norms, for example, “How 
does a chef make pasta? He uses his noodle.” Nine- to 
13-year-olds produced more jokes involving deco-
rum violations (e.g., defecation jokes) and politeness 
violations (e.g., sexist jokes). From 8 years, children 
also appreciate puns, showing they can consider 
two meanings of a word, phrase, or sentence at the 
same time. They also understand idioms embedded 
in incongruity-resolution humor, demonstrating a 
deeper understanding of nonliteral language. In an 
experiment, 8- to 10-year-olds were asked to explain 
jokes that had idioms embedded in them. For exam-
ple, children could correctly explain the following 
joke: “I would like to become a space engineer.” “Do 
you think you can pass the test?” “Sure, I took up space 
in school.” They explained that the person went to 
school but did not listen or learn. 

However, other explanations, such as he was very 
big (literal) or he studied space things (related) would 
not be classified as correct. Children were better able 
to explain the jokes as they got older. Furthermore, 
observational work shows that, between 10 to 12 
years, children tell memorized jokes, funny stories, 
and perform practical jokes.

Elena Hoicka
University of Sheffield
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Hyper-Articulation	of		
Child-Directed	Speech
Child-directed speech (CDS) is the speech style used 
by mothers, fathers, and others to talk to an infant or 
young child and is known to engage attention, regulate 
arousal levels, and facilitate language development. 
Typically, its production involves adopting a strategy 
of simplifying what is said and exaggerating how it 
is said, or more specifically, exaggerating its prosodic 
and phonetic features. Adjustments that make CDS 
linguistically distinctive from adult-directed speech 
(ADS) include shorter utterances, more repetition, 
simplified syntax, and smaller vocabulary. Prosodi-
cally, it has exaggerated intonation and positive emo-
tion, and phonetically, it contains hyper-articulation 
of certain speech sounds. 

Hyper-articulation refers to the exaggeration of 
the phonetic features of CDS that contribute to the 
clarification of its speech sounds. Hyper-articulation 
occurs in many situations where there is a perceived 
need to make speech more clearly understood, such 
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as when talking to foreigners and hearing-impaired 
adults, or to overcome interference in noisy environ-
ments. The commonly studied measure of hyper-
articulation in CDS is in relation to the corner vowels 
/i/, /a/, and /u/. This is achieved by plotting CDS and 
ADS corner vowels in vowel space and calculating the 
degree to which the formant frequencies of the CDS 
corner vowels extend beyond those in ADS.

Vowel space is a graphical means of showing where 
the location of a vowel lies in relation to other vowels 
or other tokens of the same vowel, and it is plotted 
with the vertical axis representing the first formant 
and the horizontal axis representing the second for-
mant. Formants are those bands of energy that cor-
respond to vocal tract resonances for particular vowel 
sounds. Their location in vowel space gives an indica-
tion of where the tongue body is placed during pro-
duction, that is, whether it is high or low and whether 
it is in a front or back position. It should be noted that 
mouth shape also plays a role in translating vocal tract 
resonances into vowel sounds.

The tendency for mothers to hyper-articulate cor-
ner vowels in speech to young children between the 
ages of 2 and 12 months is a fairly reliable phenome-
non across a number of languages. Hyper-articulation 
has been found in many languages, for example, in 
American English, Russian, and Swedish by Patricia 
Kuhl and colleagues; in Japanese by Jean Andruski and 
colleagues; and in Mandarin Chinese by Huei-Mei Lui 

and colleagues. Kjellrun Englund 
and Dawn Behne, on the other 
hand, found no evidence of vowel 
hyper-articulation in Norwegian, 
but it is unclear whether Norwe-
gian is an exception or whether 
their findings are due to meth-
odological differences between 
studies. What is clear is that expo-
sure to hyper-articulated vowels 
makes discrimination easier than 
exposure to the more centralized 
vowels used in speech to another 
adult. Vowel hyper-articulation 
assists word learning as revealed 
by Jae Yung Song and others. In 
this study, 19-month-olds recog-
nized words better when vowels in 
words were hyper-articulated than 
when they were not. Furthermore, 
as shown by Huei-Mei Liu and 

colleagues, there is a correlation between the degree of 
vowel hyper-articulation in mothers’ speech and their 
infants’ ability to discriminate native and nonnative 
speech contrasts.

The question remains: Are other phonetic features 
of speech, such as in consonants and lexical tones, 
also hyper-articulated? For consonants, this usu-
ally involves determining the degree of separation 
between voice onset times in voiced and voiceless stop 
consonants. The evidence for this is not strong. In her 
review, Melanie Soderstom presents an array of find-
ings on consonant hyper-articulation, which when 
taken together, suggest hyper-articulation of stop 
consonants is not a robust feature in CDS. For lexi-
cal tones, on the other hand, there is an exaggeration 
of the acoustic cues that signal the difference between 
lexical tones in Mandarin Chinese as revealed by 
Huei-Mei Lui and others. The acoustic exaggeration 
of phonetic units, such as vowels and tones, is pur-
ported to benefit young language learners by increas-
ing the perceptual distance between phonetic units.

There are three possible reasons for hyper-articula-
tion in CDS. First, there is the suggestion that the driv-
ing force for vowel hyper-articulation is the infants’ 
capacity for developing speech, which is recognized, 
albeit unconsciously, by mothers. The basis for this 
proposal is a study by D. Burnham and others that 
found vowel hyper-articulation in CDS but not in the 
similarly intonated speech style directed to pets (who 

Figure	1 Vowel space plotted for the letters i, u, and a
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do not develop language). Second, and contrary to this 
proposition, others such as Christa Lam and Christine 
Kitamura show that, when infants have a loss of hear-
ing, the size of the vowel space is reduced in propor-
tion to how well the infants can hear their mothers. 
This suggests that it is infant feedback, such as smil-
ing and positive gaze, that plays a critical role. Third, 
and tangential to this hypothesis, is the claim that 
hyper-articulation might be an artifact of the affec-
tive salience in CDS. Mothers are certainly sensitive to 
the needs of their young audience, but whatever the 
mechanism, it seems hyper-articulation is designed to 
support language development in young children. 

 
Christine Kitamura

University of Western Sydney
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Imitation	in	Communicative	
Development
Imitation plays a crucial role in children’s communica-
tive development in several different ways. First, and 
most obviously, in order to become fully functioning 
members of their linguistic community, children need 
to learn to use the same words and grammatical struc-
tures as those around them in order to be understood. 
The easiest and most efficient way to do this well is 
through imitation, and indeed, researchers have found 
many relations between infants’ and young children’s 
imitative and language skills. A second way in which 
imitation plays a role in children’s communicative 
development is when imitation is used as a commu-
nicative strategy itself, especially during the period 
when linguistic skills are limited, to negotiate topics 
and convey meanings for which no linguistic terms are 
yet available to children. Finally, from a different per-
spective, caregivers’ responses to children’s imitations, 
and their corrective imitations of children’s speech, 
can also facilitate children’s language development. 
Each of these functions of imitation in communica-
tive development will be discussed in turn.

First, although some words and gestures can be 
picked up through nonimitative means, such as ritual-
ization and association, imitation (of a special type, to 
be discussed) allows for rapid, more extensive learn-
ing and deeper understanding. That is, some gestures, 

such as pick me up and reaching gestures, can develop 
by means of ontogenetic ritualization, being shaped 
by caregivers’ responding to infants’ initially non-
communicative attempts to grab onto caregivers or 
obtain objects, respectively. Alternatively, infants may 
learn by association that, when they happen to pro-
duce an adult sound, they are likely to receive some 
object or reaction from the adult. However, sounds 
and gestures learned through these means are limited 
in many ways and, at least initially, do not constitute 
instances of conventional symbols.

In contrast, with imitation, children can learn a vast 
number of words effortlessly once the prerequisite cog-
nitive skills are in place. However, learning words as 
bidirectionally used, conventional symbols is not pos-
sible with just any type of imitation. Blind mimicry, or 
simply parroting back what adults say, is not enough. 
Instead, the more complex type of imitation needed 
involves an understanding of what the other is trying to 
do when he or she models a given piece of language or a 
gesture: what the communicative intentions toward the 
child are. In particular, in order to learn to produce and 
comprehend conventional words and gestures in a fully 
bidirectional way, children need to engage in a special 
type of imitation, what Michael Tomasello has called 
role-reversal imitation. Ordinary imitation involves 
doing the same thing that another person does on the 
same object that that person acted on (e.g., pulling a 
lever on a novel apparatus after someone has shown 
you how to do that). In contrast, role-reversal imitation 

I



involves performing an action toward another indi-
vidual in the same way that he or she performed that 
action toward you. For example, an action equivalent 
of this is imitating someone patting you on the head by 
patting that person on his head (as opposed to imitat-
ing him or her patting you on the head by patting your-
self on your own head, as he or she had done). 

In the case of language, again following Michael 
Tomasello, it means realizing that, if you want oth-
ers to focus on some object or idea, then you can use 
the same sound for others that they have previously 
used for you when they wanted you to focus on it. 
Role-reversal imitation is especially important when 
learning personal pronouns to avoid pronoun rever-
sal errors like I–you substitutions. The bidirection-
ality inherent in words and gestures learned in this 
way (i.e., I use this word or gesture toward you, and 
you use it toward me in production and comprehen-
sion) is important, according to Tomasello, because it 
results in a conventional, intersubjectively used sym-
bol. However, more generally, imitation is involved 
not just in learning conventional words and gestures 
but also in acquiring grammatical structures and 
many other culturally specific features of communi-
cation like prosody, accent, and co-speech gestures.

The idea that imitation is an important part of 
communicative development in this way is supported 
by the many empirical studies that have found devel-
opmental relations between imitation and various 
aspects of communication from infancy through 
early childhood. To give just a few examples, Elizabeth 
Bates and colleagues found that infants’ scores on an 
imitation scale predicted their production of gestures 
and language. Studies by Malinda Carpenter, Michael 
Tomasello, and colleagues have shown more specific 
associations between particular types of imitation and 
particular types of language and gesture in infants. In 
a longitudinal study, they found a correlation between 
the developmental ages of emergence of imitative 
learning of arbitrary actions and referential language 
and found that imitative learning (more generally) at 
9 and 10 months of age was predictive of referential 
language at 12 months. They have also found correla-
tions between role-reversal imitation and both com-
prehension and production of pronouns at age 18 
months. Moreover, they have found relations between 
imitation and production of communicative gestures: 
Age of emergence of imitative learning was correlated 
with age of emergence of declarative pointing. Fur-
thermore, Elise Masur and colleagues have found that 

infants’ imitation of novel, as opposed to familiar, 
words during natural interactions with their mothers 
was predictive of infants’ later vocabularies. Thus it 
is clear that, in a variety of ways, children’s imitative 
skills are predictive of their later language and gesture 
skills.

Second, beyond the role that imitation plays in 
children’s acquisition of novel words and gestures, 
another important role that imitation plays in com-
municative development involves the use of imitation 
as a means of communication in and of itself. Jac-
queline Nadel and Carol Eckerman and others have 
described how instances of imitation can serve to ini-
tiate communicative interaction and help to establish 
a shared topic nonverbally, especially in interactions 
with peers, when toddlers are attempting to com-
municate with someone who has similar linguistic 
limitations to themselves, without any adult scaffold-
ing. Thus, Nadel and Eckerman describe interactions 
between toddlers in which, for example, one 2-year-
old copies what a peer is doing with an object as if to 
say, “I like to do this too” or “Let’s do this together.” 
They find that the use of imitation in this way, as a 
communicative strategy to negotiate and share top-
ics, peaks around age 30 months and then decreases 
as children’s verbal skills increase. (Earlier in devel-
opment, Jacqueline Nadel and others have also noted 
how imitative interactions between babies and adult 
caregivers can aid in the initial mastery of crucial 
components of later language use such as turn taking 
and role shifting.)

Similarly, even with adults, children can also create 
novel pantomiming (iconic) gestures to communicate 
meanings that they cannot yet express verbally. These 
pantomiming gestures use imitation in the sense of 
reenacting something in the world to convey it to oth-
ers nonlinguistically. Naturalistic observations show 
that even 1-year-old (and sometimes younger) infants 
can use pantomiming gestures in a variety of different 
types of “speech acts” to convey information about 
past, current, and future events. Just to list a few (real-
life) examples, a toddler can inform his mother about 
why his sister is crying by pantomiming bumping his 
head on the wall, or can comment on an interesting 
sight by pantomiming a waving motion to comment 
on trees blowing in the wind, or can request an action 
by pantomiming opening a jar to ask someone to 
open it, or can ask a question by pantomiming biting 
to ask if he is allowed to eat something. Even in adult-
hood, we sometimes still use pantomimes when we 
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are unable to express something verbally (e.g., when 
trying to communicate with someone in a foreign 
country who does not speak our language).

A final way in which imitation plays a role in 
children’s communicative development is through 
parents’ responses to children’s language use. This 
can happen in at least two ways. First, Elise Masur 
and colleagues have shown that when infants spon-
taneously imitate their mothers’ speech, mothers 
respond to these imitations in specific ways that are 
likely to facilitate word learning. For example, moth-
ers expand on infants’ imitation of familiar words 
but produce return imitations in response to infants’ 
imitation of nonfamiliar words (thus providing 
infants with repeated exposure to the nonfamiliar 
word). Second, parents often provide negative evi-
dence for children about any ungrammaticality or 
mispronunciations in their utterances through cor-
rective imitations (recasts) of the children’s speech 
(i.e., imitating the utterance but replacing the 
ungrammatical or mispronounced part with the 
correct version). Many studies have found that this 
type of corrective imitation is effective in facilitat-
ing learning of the correct form. Thus, in addition to 
the contributions that children’s own imitative skills 
make to their communicative development, parents 
can help their children learn language by imitating 
them in particular ways. 

Malinda Carpenter
Max Planck Institute for Evolutionary Anthropology
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Individual	Differences	in	
Adult	L1	Attainment
It is widely recognized that there are considerable 
individual differences (IDs) in the rate and pattern 
of child language acquisition and that variation is 
related cognitive variables, such as nonverbal IQ and 
phonological working memory, as well as experien-
tial variables, such as social class, with children from 
low socioeconomic status (SES) backgrounds lagging 
behind those from higher SES backgrounds. How-
ever, the general assumption is that these differences 
are transitional and that language development has 
the same end point, with all adult native speakers 
converging on the same mental grammar. Evidence 
of individual variation in adult L1 attainment, which 
is related to cognitive and experiential variables and 
which cannot be adequately explained by appeal to 
nonlinguistic performance factors or differences in 
processing strategy, therefore, has important theoreti-
cal, methodological and socioeducational implica-
tions for the language sciences.

However, given the significance of any adult L1 
variance, there has been relatively little research 
addressing the issue. Many linguists are uncom-
fortable with the idea that some individuals may 
be less linguistically competent than others. Much 
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of this unease pertains to research from the 1950s 
and 1960s, which showed that language produced by 
low-SES speakers was lexically and syntactically sim-
pler than that of higher SES speakers. These findings 
were used to argue that inadequate language abilities 
were the source of the poor educational attainment 
of low-SES children and led, in some cases, to the 
labeling of low-SES speakers’ language as illogical 
and deficient. 

These “verbal deficit” theories were criticized on 
several counts. For instance, it was pointed out that 
many of the “ungrammatical” structures present in 
the speech of low-SES speakers were in fact instances 
of nonstandard language varieties and were perfectly 
well-formed in those varieties. Furthermore, since 
the theories pertained to language use, they revealed 
little about speakers’ underlying linguistic compe-
tence. Verbal deficit theories were later rightly dis-
credited, particularly as certain claims amounted to 
little more than thinly veiled social prejudice. How-
ever, the effect on linguistics subsequently is that it 
has been difficult to posit any form of language defi-
cit theory. Consequently, IDs in adult L1 attainment 
have been viewed, often by erroneous association to 
verbal deficit theories, as something of a taboo sub-
ject in the language sciences. 

Nevertheless, it remains questionable whether 
all adults do attain full L1 competence. More recent 
research directly addressing the issue shows consid-
erable IDs in adult native speakers’ comprehension 
of a variety of structures understood to be identical 
in all varieties of the L1. These studies also test com-
prehension rather than production, and thus permit 
much stronger inferences about speakers’ underlying 
competence. Furthermore, the differences observed 
in these studies are strongly related to cognitive and 
experiential variables. 

Empirical	Evidence
Several studies have found a very strong relationship 
between level of education and participants’ ability 
to process complex sentences such as those contain-
ing complex Noun Phrases (NPs), for example, “Paul 
noticed that the fact that the room was tidy surprized 
Shona.” Participants had to answer simple questions 
about the sentences, such as “What did Paul notice? 
What surprised Shona?” Results show that the high 
academic attainment (HAA) participants signifi-
cantly outperformed the low academic attainment 
(LAA) participants.

Other studies have shown that HAA participants 
also have better recall (memory) of complex sentence 
types than LAA participants, as well as better compre-
hension. However, further research suggests that this 
may be due to the LAA participants having less expe-
rience with complex sentences. A training study in 
which groups of LAA participants were given training 
in either comprehension of, or memory for complex 
sentences, revealed selective effects of training: mem-
ory training improved performance on the memory 
task (the number of correctly repeated sentences) but 
had no effect on comprehension, while comprehen-
sion training improved performance on both tasks. 
Following comprehension training, LAA participants 
performed at ceiling on the comprehension task, bet-
ter than the HAA group in the initial study.

A series of studies have tested HAA and LAA 
native and non-native speakers’ comprehension of 
less complex constructions, such as full passives (e.g., 
“The man was bitten by the dog.”) and sentences 
containing universal quantifiers (e.g., “Every fish is 
in a bowl.”), using active transitive sentences (e.g., 
“The dog bit the man.”) as a control. The research-
ers employed a variety of off-line and online test 
paradigms. These included naming thematic roles, in 
which participants listened to or read sentences and 
then identified the agent or patient, and picture selec-
tion tasks, in which participants heard a sentence and 
then chose, from an array, the picture that correctly 
depicted the sentence. 

These studies are characterized by a similar pattern 
of results: HAA participants consistently perform at 
ceiling on all test conditions while LAA participants 
show much greater variance, and as a group, only 
perform at the top on the control condition. Group 
performance is significantly worse on passives and 
quantifiers and even at chance on some quantifier 
constructions, while some individuals perform at 
chance on all test conditions. LAA native speaker par-
ticipants also perform poorly as a group when com-
pared to HAA non-native speakers. The online studies 
reveal that the HAA participants are significantly faster 
at processing test sentences and are more accurate.

A further study tested LAA participants’ compre-
hension of passives and universal quantifier sentences 
before and after training on these constructions. The 
post-training results revealed that training resulted in 
selective improvement. Participants trained only on 
the quantifier constructions showed a clear improve-
ment on this construction but not on the passive, 
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while participants trained only on the passive showed 
a clear improvement on those sentences, but not on 
the quantifier sentences. Thus, performance improved 
dramatically as a result of additional experience with 
the relevant construction, indicating that the differ-
ences at pre-test are attributable to differences in spe-
cific linguistic knowledge. 

Individual variance has also been observed in the 
underlying competence of morphological systems. 
Results from novel word inflection tasks show that 
different groups of Polish speakers appear to have 
learned different generalizations about the distribu-
tion of genitive masculine inflections: While some 
used the most reliable cue, the semantic properties 
of the noun, others were sensitive to properties of 
the construction in which the noun occurred or its 
phonological properties. These differences were not 
explainable in terms of dialectal differences. 

Another study revealed large IDs in Polish speak-
ers’ productivity with dative endings. Adult native 
speakers of Polish reliably supplied the target form 
with nonce nouns belonging to densely populated 
neighborhoods (i.e., nouns which are similar to 
many existing words) but had problems with nouns 
from sparsely populated neighborhoods, in spite of 
the fact that they belonged to the same grammati-
cal class and required the same inflection. Individual 
scores on nouns from sparsely populated neighbor-
hoods ranged from 4 percent to 100 percent and were 
strongly correlated with education.

Explanations	for	Individual	Differences
There are several possible explanations for educa-
tion-related IDs in adult L1 attainment. One is that 
the LAA participants’ low scores are actually a result 
of nonlinguistic task demands or failure to cooperate 
with the experimenter. That is, the results reflect dif-
ferences in linguistic performance rather than under-
lying linguistic competence. However, in all the stud-
ies, the LAA participants always performed at ceiling 
on the control condition, suggesting that they had 
understood and engaged with task. In addition, the 
LAA participants’ performance on passives was very 
similar, even when tested under different test para-
digms, suggesting that results are not a consequence 
of particular task demands. Furthermore, many of 
the tasks used in the studies are not thought to be 
cognitively demanding: picture selection and novel 
word inflection tasks, for example, have been used 
with very young children. 

It is possible that LAA participants understood the 
task and have the necessary linguistic competence 
but were unable to access it during experiments due 
to working memory limitations. However, the test 
sentences employed in most studies are not thought 
to place a heavy burden on processing: passives and 
quantifiers, for example, do not involve embedding. 
Also, the improvements observed in training studies 
suggest the LAA participants’ initial performance was 
not due to working memory limitations per se. Thus, 
the observed differences appear to reflect genuine dif-
ferences in linguistic competence. 

It is, however, possible that different speakers have 
the same grammatical competence but employ differ-
ent processing strategies. Dual-processing accounts, 
for example, posit that sentence processing involves 
two distinct phases. Initially, a “pseudoparse” con-
structs a rough analysis based on heuristics such as 
the Noun-Verb-Noun = Agent-Verb-Patient strategy 
for assigning thematic roles to predicates. The pseu-
doparse then guides a true parse, a slower, algorithmic 
process that accesses syntactic knowledge to construct 
a complete syntactic representation. Since construct-
ing the true parse is computationally more demand-
ing, it may not be carried out in certain circum-
stances (e.g., under time pressure, or when processing 
resources are limited), in which case speakers may rely 
on the pseudoparse. This gives “good enough” repre-
sentations for most English sentences but will result 
in incorrect interpretations for noncanonical sen-
tences, like passives. 

It could, therefore, be argued that HAA and LAA 
speakers have the same grammatical competence 
but that the LAA speakers are less likely to perform 
the true parse, possibly because of limited overall 
processing resources. However, while plausible, this 
account is difficult to reconcile with the findings 
from the research. Since speakers who arrive at the 
correct interpretation will have conducted the slower 
algorithmic parse, the account predicts a speed-accu-
racy trade-off for noncanonical sentences: The most 
accurate participants will have slower response times. 
However, the results of online tasks have found the 
opposite: The more accurate participants were also 
faster, both within HAA and LAA groups and in the 
sample as a whole.

The	Role	of	Education
There is clearly a relationship between level of educa-
tion and IDs. However, the nature of this relationship 

 Individual Differences in Adult L1 Attainment 279



280 Individual Differences in Adult L1 Attainment

is less transparent and does not fully account for the 
observed variance since some LAA participants’ per-
formance mirrors that of the HAA participants. The 
results of training studies also indicate that level of 
education is not the whole story. However, one pos-
sible explanation for the role of education in IDs is 
that the HAA participants have more experience with 
written language. Research shows significant correla-
tions between amount of reading undertaken by par-
ticipants and their overall test scores. It is also worth 
noting that in English, full passives are more frequent 
in formal written texts—the type of linguistic envi-
ronment HAA participants are likely to have more 
experience of than LAA participants.

It is also possible that the HAA participants have 
more linguistic experience overall. Highly educated 
speakers rely more on language, certainly “formal” 
language, in their daily lives. They are also more 
likely to be skilled readers, and evidence suggests that 
skilled readers process more language per unit of time 
than skilled conversationalists. The HAA participants 
are thus more likely to have had more exposure to 
the structures employed in various studies than the 
LAA participants. The HAA participants are also 
more likely to be from higher SES backgrounds and 
research shows that high-SES parents talk more to 
their children and are more likely to employ facilita-
tive interaction strategies, which encourage children 
to use more language, than lower SES parents. 

There are possibly also qualitative differences in 
language experience. Certainly, it appears that type 
of linguistic experience matters. Several studies show 
HAA non-native speakers outperforming LAA native 
speakers on tasks tapping linguistic knowledge. Pre-
sumably, this is partly a consequence of the benefits 
of schooling, since non-native speakers have quanti-
tatively less experience with constructions, such as 
passives, than native speakers. Furthermore, the native 
speaker improvements observed in the training stud-
ies are partially explained by the fact that participants 
had their attention explicitly drawn to form-meaning 
pairings during training by the researchers. This sug-
gests a much greater role for explicit instruction in first 
language acquisition (L1) than has been assumed. It is 
certainly plausible that HAA speakers are more likely 
than LAA speakers to have had their attention explic-
itly drawn to form-meaning pairings in childhood by 
their parents and/or teachers. 

A further education-related explanation relates to 
internal characteristics of the learner. It is possible 

that HAA speakers are more able and motivated lan-
guage learners overall. Evidence in support of this 
shows significant correlations between need for cog-
nition (a measurement of the extent to which people 
enjoy undertaking cognitively challenging tasks) and 
overall test scores on passives and universal quantifier 
constructions. Research also shows significant corre-
lations between measures of nonverbal IQ and com-
prehension of universal quantifiers. 

It may also be the case that different factors con-
tribute to the underlying representation of different 
constructions. Evidence shows that need for cogni-
tion is a better predictor of performance on quanti-
fiers than passives, possibly because quantifiers play 
an important role in logical reasoning while amount 
of reading is a better predictor of performance on 
passives than quantifiers, possibly because passives 
occur more in written environments. It is also worth 
noting that internal learner characteristics and 
external exposure factors are not mutually exclusive: 
Some speakers may need more experience to reach 
particular levels of proficiency with language but 
actually get less.

Implications	of	Differences	in	Adult	L1	Attainment
Research into IDs in adult L1 attainment reveals large 
differences on tasks tapping comprehension of a vari-
ety of basic structures and various more complex 
constructions, as well as the ability to use morpho-
logical endings productively. The various control con-
ditions employed by the researchers suggest that the 
observed differences cannot be adequately explained 
by appealing to nonlinguistic performance factors or 
differences in processing strategies. Rather, the results 
reflect genuine differences in linguistic knowledge; 
that is, competence. Research suggests that differences 
are related to experiential variables such as academic 
attainment, SES status, and amount and type of lin-
guistic experience—particularly, exposure to written 
language and cognitive variables, such as measures 
of non-verbal IQ and the need for cognition. IDs in 
adult L1 attainment, therefore, have several important 
methodological, theoretical, and practical socioedu-
cational implications for the language sciences. 

Research still indicates that poor linguistic compe-
tence in early childhood is a key predictor of language 
development and literacy skills in later childhood, 
with children from low-SES backgrounds dispropor-
tionately exhibiting poor verbal knowledge and slower 
syntactic development. Poor linguistic competence 
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can therefore have some extremely negative outcomes 
since it is widely accepted that both spoken and writ-
ten language skills have an important influence on 
adults’ everyday lives and social inclusion. This aspect 
of social disadvantage is compounded by the fact that 
many adults in highly literate cultures do not have 
functional literacy skills; that is, they have literacy 
levels equivalent to those expected of primary school-
age children. It is, therefore, possible that many adults 
are unable to comprehend the various official, health 
and educational communications aimed at them. 
Furthermore, such adults are effectively excluded 
from higher education, and its obvious benefits, thus 
compounding social disadvantage further. 

The existence of IDs also has important method-
ological implications for the language sciences. Most 
theoretical linguists rely on their own intuition or that 
of colleagues as primary sources of data. Furthermore, 
most participants in psycholinguistic experiments, 
including the adult control groups used in many 
child language acquisition studies and grammatical-
ity judgment tasks, are taken from university popu-
lations. Whatever research reveals about the underly-
ing competence of these highly educated speakers is 
tacitly assumed to apply to other groups of speakers. 
However, evidence of large IDs in adult L1 language 
attainment suggests that linguistic theories based on 
experiments with highly educated participants and 
the continued use of such methodological practices 
may be in need of revision. 

IDs in adult L1 attainment also raise important 
theoretical implications for L1A and second lan-
guage acquisition (L2A). Many linguists assume that 
all adult speakers converge on the same grammar. In 
fact, L1 convergence is one of the strongest arguments 
for the innate Universal Grammar hypothesis. It also 
has interesting implications for L2A since much sec-
ond language research makes appeal to native speaker 
norms based on assumptions of L1 convergence, while 
the fact that second language learners typically do not 
converge is often used to argue that L2 learning is fun-
damentally different from L1 acquisition. 

The existence of individual variation in adult L1 
attainment, therefore, suggests that the convergence 
argument is built on a false premise. Of course, non-
convergence in L1A does not necessarily mean that 
UG does not exist; there are other arguments for the 
hypothesis. Furthermore, a commitment to a nativ-
ist view of acquisition does not necessarily entail that 
all speakers have exactly the same innate endowment 

for language. Any observed IDs could plausibly be 
claimed to arise as a result of natural variation. It is 
conceivable, therefore, that different individuals have 
slightly different innate grammars. 

However, if these grammars are solely dependent 
on genetic differences and are independent of nonlin-
guistic abilities, one should expect to find no associa-
tion with either cognitive abilities or exposure factors. 
Research investigating IDs in L1 attainment suggests 
that this is not the case and instead tends to provide 
support for theories of language acquisition that do 
not advocate an autonomous parsing mechanism and 
that posit that speakers’ mental grammars are shaped 
by language use. 

Ultimately, IDs in adult L1 attainment suggest 
that linguistic experience plays a much greater role 
in language acquisition and that some native speak-
ers require considerably more experience to master 
certain constructions than many theorists in the lan-
guage sciences, regardless of theoretical persuasion, 
have hitherto acknowledged. 
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Induction	in	Language	
Learning
Induction is a type of reasoning that involves deriv-
ing general principles from specific examples. It con-
trasts with deduction, in which specific examples are 
derived from generalities. Deductions can be made 
with certainty: From a general statement like All men 
are mortal, one can conclude that a specific man, Bob, 
is mortal. Induction, however, is probabilistic: There 
are always many logically possible ways to generalize 
on the basis of specific facts. Nearly all aspects of lan-
guage must be learned by induction: Children hear 
specific instances of phonemes, morphology, words, 
and sentences, from which they must derive the gen-
eral principles of their language.

Induction	in	Word	Learning
The fact that induction is inherently logically under-
constrained is especially evident in word learning, as 
was pointed out by the philosopher W. V. O. Quine. 
He postulated the existence of an explorer visiting a 
new tribe. Upon seeing a rabbit, one of the natives 
exclaims, “Gavagai!” One might conclude from this 
that gavagai means rabbit, but it could also mean 
any number of other possibilities, including, “Look,” 
“Let’s go hunting,” or even “an undetached rabbit 
part.” In fact, there are an infinite number of pos-
sibilities consistent with the meaning of any word. 
Children are not led astray by all of these logical 
possibilities: At most, a child might entertain a few 
hypotheses (rabbit, tail, or dinner). The fact that 
people’s generalizations are constrained in this way 
is an indication that children come to the language 
learning task with certain biases. The open questions 
in language development are what biases people have 
for learning different aspects of language and where 
those biases come from.

Word learning is an inductive problem because 
children hear individual instances of a word (like cat), 
and they must then decide what other items should 
also be called cat. One theory for how children decide 
this is that they are guided by certain principles. For 
instance, the whole object bias suggests that children 
usually presume that words apply to entire objects 
rather than their parts. Thus, the word cat prob-
ably picks out the whole animal rather than just the 
cat’s tail or whiskers. Another suggested principle is 
the mutual exclusivity bias, which guides induction 

in the presence of known words. Suppose a child is 
shown two items, one that she knows the label for 
(ball) and one that she does not. If she hears a new 
label (cat), she will guess that it applies to the item 
whose label she does not already know. Although this 
bias is sometimes false (cats may also be called pets 
or animals), it usefully guides children’s inductions 
about word meaning.

One possible source of word learning biases is 
that they may be derived from general rules of prag-
matic inference. For example, a child might arrive at 
the mutual exclusivity bias by reasoning about the 
intended communicative goals of the person he or 
she is talking to: “I know the round thing is called a 
ball, so if Mom had intended me to get that, she would 
have said ball. Because she didn’t, she probably meant 
the furry meowing thing when she said cat.” A related 
type of reasoning can guide inductions based on mul-
tiple examples. If a child is shown three different Dal-
matians and told they are all called a fep, he or she 
is likely to conclude that fep means Dalmatian rather 
than dog; if it meant dog, then presumably some of the 
given examples would have been a different kind of 
dog, like a Chihuahua or a poodle.

Word-learning biases may also be acquired from the 
structure of the input. By 2 years old, English-speaking 
children have a shape bias; they assume that nouns are 
organized by shape rather than color or texture. Shown 
a star-shaped, speckled toy called a dax, a child will 
presume that the star-shaped matte toy (but not the 
conical speckled one) is also called a dax. This assump-
tion parallels the structure of their vocabulary as count 
nouns in English tend to be classified by shape.

Another constraint on induction in word learning 
comes about because most words are labeled in many 
different situations. In the gavagai example, if the 
explorer hears the word again in a situation involv-
ing a deer, it becomes less likely that gavagai means 
rabbit and more likely that it means “Let’s go hunt-
ing!” Indeed, both children and adults are able to use 
cross-situational information like this to constrain 
their inductions about word meaning.

Induction	in	Grammar	Learning
Induction also plays a key role in forming inferences 
about grammar. One early argument demonstrating 
that humans have grammar-learning biases was pre-
sented by E. Mark Gold, who showed mathematically 
that even a perfect learner who heard sentences from 
a language could only ever be 100 percent certain 
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about the grammar if the language was finite. The rea-
son is that, if the language allows an infinite number 
of grammatical sentences (as all languages do), it is 
impossible to be completely sure which sentences that 
have not yet been heard are grammatical. One pos-
sibility, called the subset principle, is for a learner to 
select a grammar that can produce only sentences she 
has heard, but if she does this, she might miss some 
sentences that she hasn’t heard but are allowed. It is 
clear that children do not follow the subset principle: 
They generalize beyond their input, producing sen-
tences like “He goed to school,” which they almost 
certainly did not hear. Conversely, if a learner selects 
a grammar that produces some sentences that she 
hasn’t heard, she might be wrong about them and 
never converge on the correct grammar.

This observation has spurred a great deal of 
research into whether children receive or make use 
of negative evidence—information about what con-
structions are not grammatical. Such evidence would 
overcome Gold’s problem because children could use 
it to eliminate grammars that produce sentences that 
they haven’t heard. However, negative evidence is rare, 
and when it does exist, it is often statistical and noisy 
or mostly ignored by children. It is therefore usually 
thought that children’s grammatical inductions are 
guided (at least in large part) by learning biases instead.

Different biases may guide different aspects of gram-
mar learning. One method for identifying what biases 
exist is known as the argument from the poverty of the 
stimulus. The idea is that, if children appear to make a 
kind of generalization but haven’t heard constructions 
that would support such a generalization, then they 
must have a bias telling them to make it anyway. This 
argument has been applied to many areas of grammar 
learning, including forming certain kinds of questions 
in English as well as correctly using the word one in 
constructions like He liked the red one. Arguments from 
the poverty of the stimulus can be useful ways of iden-
tifying biases but are often contentious. This is because 
it can be difficult to identify what kind of input (or how 
much) is necessary to support any given generalization 
and, therefore, to determine when it is sufficiently lack-
ing to require the presence of a learning bias instead.

Grammatical induction has been studied widely in 
the realm of verb learning as verbs only occur in lim-
ited constructions. For instance, the verb put must be 
associated with three phrases: the actor doing the put-
ting (e.g., the boy), the thing that is put (e.g., the ball), 
and the place it is put (e.g., on the chair). Learning 

which verbs can occur in which constructions involves 
inductive generalization because people presented 
with novel verbs will spontaneously use them in con-
structions they haven’t heard them in before. This 
sort of generalization involves some mixture of verb-
specific learning combined with construction-specific 
learning and may be guided by principles about the 
language as well as the meaning of the verbs in ques-
tion.

Modeling	Induction	in	Language	Learning
Computational models of language learning can be 
useful for explaining how induction occurs. Any model 
must balance between precisely matching the data and 
generalizing beyond it. Some models, like connection-
ist networks, achieve this generalization due to the 
structure of the network. Other approaches, like Bayes-
ian models, describe an optimal way of generalizing 
based on the nature of the problem and the goals of 
the learner. These models tend to favor hypotheses that 
fit the data, but do so simply, without having to postu-
late complicated representations. Human performance 
is then compared to model predictions to determine 
to what extent people behave like those learners. Both 
Bayesian and connectionist models have been applied 
successfully to the induction problems discussed here.

Amy Perfors
University of Adelaide
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Interrelationship	of	
Language	and	Cognitive	
Development	(Overview)
For decades, researchers have debated and investi-
gated the relationship between language and cog-
nitive development, especially in infancy and early 
childhood. Modular perspectives posit that language 
development is controlled by specialized mecha-
nisms, much like the olfactory system evolved to 
detect, learn, and process airborne particles. In this 
perspective, language learning might be quite inde-
pendent of other cognitive abilities. By contrast, con-
structivist and biologically based perspectives tend 
to emphasize the progressive, experience-dependent 
emergence of complex skills, including language. 
These theories postulate that domain-general cogni-
tive capacities and processes are recruited to develop 
language. The frameworks make distinct predictions: 
Modular theories expect language-specific learning 
processes and products. Constructivist and neuro-
constructivist approaches expect language-learning 
processes and products to show deep commonalities 
with nonlinguistic learning.

A profound challenge in adjudicating between 
these views is that many capacities and skills change 
with age: Perceptual sensitivities change with practice, 
everyday experiences provide a ballooning data set for 
inductive inference and pattern detection, and incre-
mental practice leads to improvement of all sorts of 
actions and cognitive skills. Another challenge is that 
methods and instruments for measuring linguistic 
and nonlinguistic cognitive skills are completely dif-
ferent between infancy and early childhood and also 
between early childhood and late childhood and ado-
lescence. Thus, behavioral data cannot easily be com-
pared across ages. Nevertheless, there is ample evi-
dence of robust relations between language abilities 
and cognitive development, dating from the earliest 
research on child language in the 1970s.

A distinct but complementary question has been 
addressed for over a century by anthropologists, 

psychologists, and educators: How does language affect 
cognition? How, for example, does language processing 
facilitate attention, learning, memory, and reasoning?

Both questions raise an ancillary question about 
whether specific cognitive or learning abilities evolved 
on the coattails of language evolution or whether lan-
guage emerged as a coevolutionary by-product of 
hominin cognitive capacities and social structures. The 
former implies that some general cognitive abilities, 
such as music, are evolutionarily subordinate to lan-
guage ability. The latter suggests that language, music, 
mathematics, and writing systems are diverse products 
of a set of cognitive and sociocultural traits common to 
humans. However, this question is a subject of specula-
tion and not amenable to direct investigation.

The following sections review, first, how cognitive 
capacities relate to language development (broadly 
construed) and, second, how language development 
supports learning and cognition.

Theoretical	and	Historical	Trend
Linguistics from the 1950s to the 1980s mostly fol-
lowed Noam Chomsky’s assertion that language is 
a specialized or modular faculty. This hegemony, 
though still represented by some child-language 
researchers, has gradually yielded to evidence that lan-
guage processing is cognitive processing of language 
information and that language learning is continuous 
with learning of other sorts of information, such as 
gestures or sound patterns. There remains consider-
able debate about what sorts of processes might be 
specialized for language and how. Cases of children 
showing early sensitivity to nonobvious syntactic or 
phonological constraints, with no apparent nonlin-
guistic parallel, support the idea of specialization. 
However, in these cases it is possible that, even if one 
cannot readily identify nonlinguistic analogues of the 
constraint, children could equally well learn invented, 
logically equivalent, nonlinguistic patterns. This pos-
sibility is seldom tested, however.

Modeling studies have, in recent decades, pro-
vided increasing evidence that linguistic patterns 
and principles are learnable by cognitive agents that 
are imbued with only general learning mechanisms. 
Numerous studies have investigated whether simple 
artificial systems, ranging from simple neural net-
works to embodied robots, can acquire simulated, 
simplified systems of quasi-linguistic symbols. The 
learning mechanisms in these studies represent a 
variety of approaches including machine learning, 
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simple Hebbian learning, recurrent networks, genetic 
algorithms, Bayesian and other probability-based 
algorithms, reinforcement learning models, Hid-
den Markov models, and others. These studies have 
contributed to a growing consensus that biologically 
inspired learning systems can, from limited experi-
ence, induce the abstract patterns in language. Such 
work challenges the traditional hegemony of linguis-
tic modularity. However, any simulation must be 
evaluated in terms of (1) the assumptions manifested 
in the model, (2) the structure of the quasi-linguistic 
input corpus, and (3) the biological and psychological 
plausibility of the learning process. Often, these fac-
tors limit the conclusions that can be drawn from the 
results. Nevertheless, some studies have provided pro-
vocative proof of possibility—that is, results indicat-
ing that a simple, unspecialized, unsupervised system 
can readily acquire patterns once believed by linguists 
to be unlearnable without specialized linguistic con-
straints.

Neural	Specialization	for	Language	Learning?
There are expanding efforts to explore how neural 
resources might become specialized or dedicated to 
language processing. For example, it was initially sug-
gested from electroencephalographic (EEG) evidence 
that 1-year-olds’ brains had not yet undergone corti-
cal regionalization (i.e., specialization of certain areas) 
for word knowledge. Most adults show reliable, maxi-
mal processing of words by parts of the left inferior 
frontal and superior anterior temporal cortex. Early 
studies of 1-year-olds suggested that hearing words 
activated widely distributed, bilateral areas of cortex. 
However, methods at that time did not permit good 
localization of cortical activity sources from EEG 
data. A more recent study using magnetoencepha-
lography (MEG) revealed left fronto-temporal corti-
cal specialization for word processing as early as 14 
months. This suggests that whatever processes cause 
cortical specialization for word processing begin by 
an infant’s first birthday. This does not explain how 
regional specialization emerges. However, the cortex 
in this region is not congenitally (i.e., at birth) special-
ized for word learning: Infants who lose this region 
of cortex to perinatal (i.e., around birth) stroke can 
eventually develop largely normal language, suggest-
ing that other cortical tissue is plastic enough to take 
over word-learning and word-retrieval functions.

Adults show cortical specialization for a broader 
range of language. For example, left inferior parietal 

cortex plays an important role in generating semanti-
cally appropriate speech, and some right-hemisphere 
regions are important for processing pragmatic infor-
mation. However, perinatal stroke studies also show 
that these language abilities can become functionally 
allocated to atypical cortical areas. Thus, there is some 
pluripotentiality of cortical tissue for language func-
tions, suggesting that developmental learning pro-
cesses, not a priori properties of the infant brain, yield 
cerebral organization of language faculties.

How	Language	Development	Relies	on		
Cognitive	Development:	Congenital	Specificity		
of	Speech–Sound	Processing?
It has been hypothesized that human audition is evo-
lutionarily adapted for language. In fact, neonates dis-
criminate changes in human speech sounds. However, 
neonates also discriminate differences in the pitch, 
amplitude, and timing of nonspeech sounds. These 
acoustic features are important in phoneme discrimi-
nation. It is unclear whether infants are more sensitive 
to these features in speech sounds than nonspeech 
sounds. It is true that young infants prefer listening to 
human speech than to nonspeech sounds matched for 
some basic acoustic properties. The basis of this pref-
erence is unknown, but it might rest partly on prena-
tal exposure to maternal speech, despite the acoustic 
filtering of speech through the uterine aqueous envi-
ronment. Notably, prenatal auditory learning is not 
limited to speech; there is some limited evidence that 
neonates respond differently to nonvocal music heard 
repeatedly during pregnancy than to novel music. 
Thus, there is no compelling evidence that infants’ 
earliest auditory responses are specifically adapted to 
speech stimuli.

Early	Learning	of	Speech	Patterns	
By midway through the first year, infants are sensitive 
to a variety of native-language speech patterns. These 
include native phonemes (consonants and vowels), 
sequences of phonemes, patterns of word stress, and 
prosodic markers of speech boundaries. For example, 
Thai-learning infants divide bilabial stop consonants 
into three phoneme categories based on continuous 
differences in voice onset time (VOT), that is, the time 
from vocal fold vibration to exhalation). English-
learning infants, by contrast, divide the VOT con-
tinuum into two categories (/b/ and /p/). Also, Ger-
man-learning infants expect words to have a primary 
(i.e., trochaic) stress pattern rather than a secondary 
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(iambic) pattern; French-learning infants do not have 
the same expectation. Infants learn many such experi-
ence-driven distinctions within the first year. 

The mechanisms by which infants learn these dis-
tinctions are not well understood. However, there 
is some evidence that those mechanisms are not 
exclusively used for language learning. For example, 
although infants can rapidly learn that some pho-
neme sequences are more likely than others, they can 
also learn that some tone sequences (i.e., two-note 
melodic motifs) or sequences of colored shapes are 
more common than others. Also, chinchillas (desert 
rodents with unimpressive linguistic abilities) are, like 
humans, sensitive to phonemic differences based on 
VOT. Thus, language ability is not necessary for pho-
neme discrimination. 

Auditory	Temporal	Acuity
Other studies have asked whether individual differ-
ences in audition, such as the ability to perceive small 
changes in sounds, might contribute to individual 
differences in language learning. This question is rel-
evant because some theorists had speculated that lan-
guage impairment disorders are due to genetic abnor-
malities of a specialized language-learning module. 
However, many children and adults with language 
delays and reading disabilities show a lower-level 
auditory processing problem: specifically, hearing 
fast sound changes. Even infants who have a relative 
with language impairment show reduced sensitivity 
to fast tone changes. Possibly their auditory systems 
cannot update pitch information quickly enough to 
assimilate the fast-changing sound patterns in nor-
mal speech. More recent studies show differences in 
cortical responses to simple sounds in typical versus 
language-impaired children and in infants with or 
without a language-impaired relative. The differences 
occur in brain responses to sounds that are processed 
even when we are inattentive. Although the results 
are complex, they point to individual differences in 
efficiency of sound processing within the primary 
or secondary auditory cortex. At one extreme, these 
individual differences predispose children to language 
impairment.

There is other evidence that efficiency (i.e., speed) 
of auditory processing is critical for normal language 
development. For example, both children and adult 
second-language learners have more difficulty under-
standing sped-up speech, and adults who learned 
a second language later in life show slower neural 

unexpectedness responses than adults who learned 
the language earlier in response to hearing gram-
matical errors. This suggests that language process-
ing becomes faster with practice, even in childhood 
and adolescence. Studies of linguistic plasticity fur-
ther support the processing-speed hypothesis. Several 
studies have trained adolescents and adults with read-
ing or language disabilities to perceive basic speech 
sound distinctions. It is not obvious that phoneme 
discrimination training should improve a complex 
language process such as reading. Nevertheless, the 
results suggest that phoneme discrimination-speed 
training improves reading scores more than tradi-
tional reading interventions used in schools. Pre- and 
post-studies of brain activity suggest that the former 
training causes persistent changes in brain metabo-
lism in regions most activated during reading and 
other language-related processes. This shows that 
experience-driven plasticity for language learning 
persists into adulthood, and neural bases of auditory 
language processing are not fixed.

In sum, although there are limited studies of the 
neural bases of language specialization, existing data 
suggest that cortical specialization begins within the 
first 14 months. This suggests that specialization for 
language processing follows similar processes and is 
similar to specialization for other kinds of skills and 
information (e.g., reading or math, which obviously 
depend on specific experience). Also, individual dif-
ferences in auditory processing speed predict lan-
guage development. This suggests that speed of pro-
cessing low-level acoustic information is critical not 
only for speech perception, but also for the gradual 
emergence of higher-level language comprehension, 
and that phonological processing is plastic and train-
able even in adults.

These conclusions indicate a relation of language 
and cognition. Notably because processing speed is 
a significant factor in many nonlinguistic tasks, and 
because individual differences in processing speed 
correlate across a wide variety of tasks (linguistic and 
nonlinguistic), general neural properties that contrib-
ute to general processing speed differences will influ-
ence the development of both linguistic and nonlin-
guistic skills. 

Working	Memory	in	Language	Learning		
and	Processing
Once children are old enough to form and process 
utterances (usually 18 to 30 months), limitations on 
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working memory will affect comprehension, pro-
duction, and learning. In preschool and school-aged 
children, verbal working memory predicts word learn-
ing and reading comprehension. Interpretation of 
this correlation is difficult, however. Verbal working 
memory seems to be a specialized resource for lan-
guage processing, as proposed by Alan Baddeley. How-
ever, there is some evidence that working memory for 
musical sequences and for nonnative speech correlates 
with language abilities including word learning. Inter-
estingly, musical sequence processing by children acti-
vates overlapping brain regions and elicits similar EEG 
phenomena as some language processing tasks. How-
ever, there are few studies of how learning and mem-
ory for linguistic sequences is distinct from learning 
and memory of nonlinguistic sequences. In sum, there 
is some relation between working memory resources 
and language abilities, including language learning, 
but the nature of the relation is not well specified.

Cognitive	Control	for	Language	Learning
There has been recent interest in how language devel-
opment relates to cognitive control or executive func-
tions, including inhibitory control, selective and stra-
tegic attention, cognitive flexibility or switching the 
mental set, and working memory control and coher-
ence. These processes are critical for problem solv-
ing, planning, and reasoning. However, their role in 
language processing, for example, understanding and 
producing discourse, was until recently unexplored. 
Although several findings suggest relations between 
executive functions and developing language skills, 
the data are not cohesive. A pervasive but seldom 
acknowledged problem is that most executive func-
tion tasks recruit language skills. Those skills include 
word and sentence comprehension, pragmatics, and 
discourse processing, and sometimes knowledge of 
written symbols. Few studies have adequately con-
trolled for the language-processing demands of 
executive function tasks. Another problem is that the 
executive functions themselves are poorly defined or 
measured in unspecified ways across tests.

Despite these problems, there are suggestive lines 
of evidence. One suggests that children’s flexibility in 
switching between tasks depends on their ability to 
represent and update changing task cues or instruc-
tions. In task-switching tests, participants must attend 
to and understand alternating cues or commands to 
switch from one response criterion to another oppos-
ing criterion (e.g., from sorting cards based on shape to 

sorting based on colors when these properties call for 
opposing responses). Some researchers have suggested 
that young children’s difficulties with task-switching 
tasks (e.g., switching errors) are due to their difficulty 
inhibiting prior responses. Others have suggested that 
their difficulties relate to an inability to represent mul-
tiple nested rules. However, growing evidence indi-
cates that cue-processing demands, including working 
memory for the current cue, comprehension of the 
cue, and speed of cue processing all predict children’s 
performance on task-switching tests.

Several other studies have not found strong relations 
between executive functions and language processes. 
For example, many studies assess children’s inhibi-
tory processes with alternate-naming tasks, wherein 
children must reverse naming associations (e.g., say 
day when shown a sun picture or night when shown 
a moon picture). Although these tasks are convenient 
and they elicit age differences, there is no evidence 
that the results relate to receptive language ability or, 
indeed, that they relate robustly to other tests of execu-
tive functions. Thus, inhibition of lexical associations 
is not a clear predictor of other language or cognitive 
skills. In sum, although there is abundant circumstan-
tial evidence of relations between cognitive control and 
language development, there is not yet a coherent pat-
tern of evidence or comprehensive theoretical account. 

Issues	of	Interpretation
A general limitation of the aforementioned evidence 
is that much of it is correlational. The problem is that, 
in psychological research, good things go together: 
Positive traits or outcomes are usually correlated. For 
example, although verbal IQ (vIQ) subscale scores are 
more strongly correlated with each other than with 
performance IQ (pIQ) subscales, vIQ and pIQ scores 
are nevertheless moderately correlated in children as 
well as adults. There is also evidence that processing 
speed in infants—even visual processing speed—pre-
dicts later language development. Such evidence calls 
to mind the historical idea of g, a single global factor 
of intelligence. Whether or not that concept is valid, it 
is nevertheless the case that a small number of cogni-
tive variables might explain some variability in a wide 
array of language skills as well as executive function 
and other cognitive tasks.

Specialized	Word-Learning	Processes	
A contentious question is whether children have spe-
cialized word-learning biases. There were claims in 
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the 1980s and 1990s that children and even infants 
do have such biases. These claims were buttressed 
by findings that suggested that young children learn 
words significantly faster than other kinds of infor-
mation. However, more recent evidence has eroded 
that idea. Children from 1 to 4 years of age learn novel 
spoken words from very few exposures, but they also 
learn novel gestures, melodic patterns, facts, and pic-
tograms from few exposures. In a recent study, chil-
dren age 3 to 5 years learned words not faster but actu-
ally slower than facts and pictorial symbols, partly, 
it seems, because they require several repetitions to 
form a representation of novel phonological strings 
(lexemes). Moreover, children did not apply biases in 
inferring meaning—so-called taxonomic and mutual 
exclusivity biases—more to novel words than to sen-
tences or pictograms.

Another set of studies in the 1990s suggested that 
words selectively draw infants’ attention to objects 
or categories of objects or that infants preferentially 
expect words to refer to categories. However, subse-
quent studies showed that stimuli such as melodic 
tones similarly draw infants’ attention and that chil-
dren readily generalize facts and pictorial symbols, as 
well as words, to novel categories. 

Finally, much attention has been paid to infants’ 
ability to utilize social contextual cues to facilitate word 
learning. However, infants utilize the same cues to learn 
and interpret nonverbal events. For example, infants, 
by 18 months, assume that whatever an adult was look-
ing at when he or she said a word is the referent of that 
word. This suggests that 1-year-olds are learning about 
the social context of people’s language use. However, 
infants also use adults’ gaze direction to redirect their 
own attention, to form emotional associations with 
objects, and to learn how to use objects. Thus, infants 
use these social cues for a variety of functions, suggest-
ing a general kind of utilitarian cue-learning function 
(e.g., learning to attend to whatever social events are 
useful). In sum, it is unclear what, if any, learning pro-
cesses are specialized for word learning. 

Conceptual	Knowledge	and	Language	Growth
A clear connection between cognition and language is 
the accrual of words related to new conceptual knowl-
edge. In some studies, vocabulary is actually used as 
a measure of content knowledge in a given domain. 
In studies of children acquiring expert knowledge, 
learning domain-specific words (e.g., names for types 
of birds) has been both a measure of expertise and 

part of what is learned. In children and adults, exper-
tise within a domain typically entails learning finer-
grained distinctions, suggesting that word learning 
will focus on subordinate labels and rare words or 
words for atypical categories. 

Very little is known about how conceptual knowl-
edge relates to accuracy and richness of word mean-
ings. An old debate concerned toddlers’ over-extension 
of labels (e.g., calling all men daddy). One theory is 
that this was due to conceptual blurring—that is, not 
distinguishing between subtypes (e.g., different men). 
Although toddlers probably do not subdivide highly 
similar and less-familiar subtypes (e.g., squirrels and 
gophers or falcons and hawks), it is unlikely that over-
extension is mostly due to conceptual limitations. 
Some over-extension errors are apparently due to 
pragmatics: Because toddlers’ productive vocabulary is 
so limited, they may use some word they can produce 
that has a similar meaning to whatever they wish to 
label. It is unlikely that a toddler who calls unfamiliar 
men daddy cannot discriminate her father from other 
men. Thus, over-extension does not necessarily indi-
cate conceptual blurring. Less clear is whether some 
words are learned before others simply because some 
concepts are easier to understand than others. There 
are arguments that various kinds of words, like color 
words, number words, or verbs in general, are learned 
later because they offer some general conceptual or 
perceptual difficulty in acquiring the related concept. 
At some level, this point is trivial: For example, sum 
is easier to understand than second derivative, and 
more people comprehend the former than the latter. 
In young children, however, these differences might be 
more pervasive and less obvious. For example, children 
know few superordinate words (vehicle, action, and 
shape). Superordinate words might be harder to learn 
because they are so abstract. Yet, superordinate words 
also are fairly infrequent in the words children hear, 
so it is not clear that the late acquisition of superordi-
nate words is strictly due to children’s conceptual dif-
ficulty with abstractness. Moreover, some words that 
arguably could be very confusing indeed, like deictic 
pronouns (you, me, this, and that), are used correctly 
by 2-year-olds. Thus, it is not clear that conceptual dif-
ficulty determines when children learn a word.

How	Language	Development	Facilitates	
Cognition:	Does	the	Lexicon	Structure	Perception?
A centuries-old question is how language influences 
perception of the world. The hypothesis that our 
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perceptions are indelibly shaped by our language, his-
torically associated with the linguists Edward Sapir 
and Benjamin Lee Whorf, has been a topic of renewed 
interest among cognitive linguists. Developmental 
studies have most vigorously investigated this ques-
tion with respect to spatial predicates. These words 
vary across languages: for example, in situations 
where English speakers would use on (e.g., __ a table, 
__ your finger, __ your head, and hanging __ the wall), 
Korean, Dutch, or Mandarin speakers would use dif-
ferent words. Other languages use the same predicate 
for relations that English divides into on or in. Does 
the division of spatial relations by predicates affect 
how children come to perceive those relations? Stud-
ies suggest that, well before they are fluent, infants and 
toddlers tend to generalize (i.e., perceive as similar) 
spatial relations based on the spatial predicate assign-
ments in their native language. For example, Korean-
learning toddlers begin to notice differences between 
events that English-learning children do not readily 
notice as these events are classified by different spatial 
predicates in Korean but not in English.

Aside from a handful of studies such as these, most 
research on how language affects perception or cogni-
tion has tested adults or, increasingly, preschool-aged 
children. Several studies have investigated classifiers: 
inflectional markings or words (often articles) that 
imply, often loosely, noun categories. Mandarin, for 
example, has classifiers for superordinate categories of 
animal types, artifact types, things with certain shape 
features, things found in different set sizes (e.g., pairs), 
and so on. Children learn their language’s classifiers by 
3 to 4 years, and researchers have investigated whether 
classifiers affect their perception—for example, their 
expectations about meanings of novel nouns fol-
lowing a known classifier. Results suggest that some 
familiar and conceptually clear classifiers might guide 
children’s attention to category-relevant features and 
affect their inferences about the objects denoted by 
the classifier. However, it is not clear that these effects 
are pervasive. That is, if children have no information 
about a word’s meaning except a classifier that com-
monly refers to long, thin things (e.g., the Mandarin 
tiao4), it stands to reason that children (or any ratio-
nal agent) would use that cue to select a long, thin test 
object rather than, say, a round thing or a bag-like 
thing, both of which take other classifiers. However, 
in languages with few classifiers, like English, super-
ordinate words might serve similar roles, though they 
are syntactically distinct from classifiers. For example, 

understanding the word shape might help a child learn 
oval from a sentence like Eggs are shaped liked ovals. In 
short, to the extent that children can use contextual 
semantic elements within networks of meaning, both 
classifiers and related nouns and predicates might help 
children acquire new words and word meanings.

Does	Verb	Syntax	Affect	Event	Construals?
Any event can be described any number of ways, 
and verbs and their inflectional elements (e.g., tense 
markers) allow speakers to place a different perspec-
tive, or construal, on an event. Nevertheless, different 
languages have different prototypical ways to capture 
event information in verb phrases. For example, Span-
ish tends to encode the path of motion in movement 
verbs, whereas German and English tend to encode 
manner of motion in verbs (e.g., jogging versus loping) 
and use prepositions or other satellite morphemes to 
encode path. Adults are sensitive to these distinctions, 
although children seem to slowly learn them: For 
example, English- and Spanish-learning 2- or 3-year-
olds do not differ much in their construal of novel 
verbs (i.e., generalizing path or manner). The problem 
does not seem to be that children cannot detect dif-
ferences in path and manner of movement in events. 
Rather, it might be that because the languages are only 
probabilistically different in this regard, it takes several 
years for children to notice the distinction. In short, 
children notice various possible relations among their 
language patterns and various distinctions in the 
world, but how long it takes them to make these asso-
ciations might depend on the strength or predictive 
regularity of the semantic relations. 

Language	Routines	and	Cultural	Learning
Cognition is not an individual, solipsistic achievement 
but a process of distributed learning in an environ-
ment of other people, objects, and culturally structured 
events. Speech acts in social events reflect how inter-
acting individuals or groups conceptualize and priori-
tize those objects and events. Children learn patterns 
of social interaction based on how language is used. 
For example, middle-class parents talk differently to 
preschool daughters and sons about past events, often 
framing similar events differently, for example, using 
more emotion-state descriptors with girls (e.g., “You 
felt sad about that, didn’t you?”). Later, girls and boys 
may use emotion words differently. One interpreta-
tion is that adults’ sociocultural beliefs about gender 
inform conversations with children and are assimilated 
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and reflected in children’s own descriptions. Language 
becomes a mediating medium for socializing children’s 
construal of events and shaping their autobiographi-
cal memory. This interpretation, however, assumes 
that adult conversational patterns are powerful causal 
forces, which has not been established.

Learning	Multiple	Languages
There is evidence that bilingualism is associated with 
better performance in other cognitive abilities. Some 
studies have compared mono- and bilingual children 
on executive function tasks. When socioeconomic 
(SES) status is controlled, some bilingual children per-
form better on these tasks. One theory is that bilingual 
children must regularly switch between languages or 
rapidly activate different codes based on their inter-
locutor’s language, and this demand accelerates the 
development of executive functions. Other evidence 
suggests that bilingual children perform better on tests 
of understanding other people’s divergent beliefs. Per-
haps bilingual children must frequently make infer-
ences about other people’s meaning or communicative 
intent, with the added demand of inferring what code 
they are using. Whatever the reason, learning multiple 
languages might help children master complex cogni-
tive skills slightly earlier than same-aged peers. How-
ever, a general difficulty in interpreting these results 
is that, in any community, there are multiple differ-
ences between monolingual and multilingual families. 
These include cultural practices (e.g., educational atti-
tudes and how children are spoken to), SES, history of 
experiences, and biological factors (e.g., diet, medical 
care, and genetic differences). Some studies control 
for SES, and this is important, but many other poten-
tially important factors are left uncontrolled. Thus, the 
available evidence is suggestive, but it remains unclear 
exactly how significant and general are the cognitive 
benefits conferred by learning two languages.

Conclusion
A voluminous body of research points to many interre-
lations between language development and cognition, 
including others not mentioned here. Available evi-
dence does not permit any uniform, simplistic conclu-
sions. Every language skill that has been systematically 
investigated recruits general, nonlinguistic cognitive 
capacities and processes. There remain many achieve-
ments of childhood language, however, that have not 
been compared to nonlinguistic analogues. In these 
cases, no conclusion can be drawn. Regardless, in the 

last 40 years, language development research has moved 
steadily toward recognizing that language processing is 
cognition, language use is distributed cognition, and 
understanding children’s capacity for language means 
understanding the development and recruitment of 
general learning and cognitive processes.
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Intervention	for	Child	
Language	Impairments
Child language impairment (CLI) is a term covering a 
diverse range of developmental impairments in child-
hood. The DSM-V A02 definition is that a diagnosis 
of language impairment is made when a child has 
language abilities in one or more areas that are below 
age expectations. Although children with neurodevel-
opmental disorders such as autism spectrum disorder 
or Williams syndrome may present with features of 
language impairment, these are comorbid with other 
developmental problems. A developmental language 
impairment in the absence of neurological, physi-
ological, emotional, social, or cognitive conditions is 
commonly known as a specific language impairment 
(SLI). The term used here is child language impair-
ment. This entry broadly focuses on language inter-
vention for children with the most common charac-
teristics of a language impairment involving grammar 
and morphology and reduced ability with vocabulary. 
The nature of intervention for CLI is diverse, varying 
according to theoretical perspective and the resulting 
purpose of and goals for the intervention. Contem-
porary intervention approaches tend to converge on 
a common set of core principles that are appropriate 
for young children. 

Theoretical	Perspectives
CLI is founded on the clinician’s beliefs about language 
development and language learning. L. Abbeduto and 
D. Boudreau, as well as G. H. Poll, outline the three 
most widely held views of language development. 
These are the nativist approach, the social-interaction-
ist approach, and the emergentist approach. Adoption 
of any one of these theoretical perspectives generates a 
particular view of the purposes, goals, and strategies of 
intervention. The nativist approach, advocated most 
strongly by Noam Chomsky, claimed that children are 

born with a language acquisition device that enables 
children to recognize the frames and constructs of 
languages (the principles and parameters) such that a 
child can identify what is common across languages 
and what is specific to their own language, enabling 
the child to establish the relevant word-order (syn-
tactic) patterns and ways of encoding morphological 
markers, such as plural, tense, and possession, for their 
input language. The theory holds that children do not 
respond to variability in the input but need only a few 
exemplars in order to fine-tune the relevant principles 
and parameters. In this view, the language faculty is 
a domain-specific ability—the language-learning 
faculty is modular and not related to other cognitive 
abilities. The child learns the language by mapping the 
input vocabulary onto language rules. 

Children vary in language ability because of deficits 
in learning the rules of language. Application of this 
theory to language intervention results in a focus on 
learning syntax, including word order and morphology. 
Therapy is highly structured to focus the child on rec-
ognition of correct versus incorrect syntactic construc-
tions. The idea is that once the child has worked out the 
relevant parameter (e.g., the correct word order), then 
the target rule is generalized across the child’s language 
system. Language learning is rule based, and therapy 
requires that the child learn the right rule. 

The social-interactionist theory claims that lan-
guage development is driven by the child’s need to 
become an effective communicator and that language 
development is closely linked to other cognitive pro-
cesses used in nonverbal communication, joint atten-
tion, and goal achievement. The child and signifi-
cant others, such as parents, engage in shared social 
interactions that determine the rate and route of lan-
guage development. Children vary in language ability 
because able language users in the child’s environment 
vary in the learning experiences they provide for the 
child. Application of this theory to language interven-
tion results in contexts in which learning is deliberately 
incremental. Learning can be effectively controlled by 
the parents’ use of scaffolding, with effective scaffold-
ing requiring that the parent is aware of the level or 
stage that the child is currently at in order to pitch the 
input language that occurs within shared activities at 
a level slightly higher than that used by the child. This 
ensures that the language environment is not too com-
plex for the child but is sufficiently advanced to show 
the child how increased communicative needs can be 
met by increased language complexity. 
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The emergentist theory claims that the language-
learning faculty is part of a wider cognitive system 
and consists of a domain-general set of cognitive 
mechanisms that allow humans to recognize features 
of and patterns in sensory input and to form networks 
of frequently occurring features by tracking regulari-
ties in the input language. For example, infants track 
the regularities of consonant–consonant occurrences 
to develop knowledge about word boundaries and, 
thereby, begin to recognize what might be a word in 
the language input. The regularities of syntax provide 
similar types of cues to word order and morphologi-
cal forms that are implicitly tracked in the language 
learning process. Children learn language through an 
interaction of their cognitive abilities and the envi-
ronment to which they are exposed. Children vary 
in language ability not only because they vary in how 
ably they apply cognitive mechanisms to make use of 
their experiences but also because of variations in the 
amount and quality of language input and the context 
in which learning occurs. Application of this theory to 
language intervention results in a focus on the provi-
sion of a high quality and rate of language input that 
engages the child as an active learner and user of lan-
guage in contexts in which the meaning of the input 
language is likely to be clear. 

The	Purpose	of	Child	Language	Intervention
The social-interactionist and emergentist theories 
share the tenets of most contemporary views of the 
purposes and goals of CLI. According to L. B. Leonard, 
the two main purposes of intervention are to develop 
the child’s knowledge of language and to improve the 
child’s functional communication. These purposes 
are maintained, regardless of whether the end point is 
the use of typical language modes and structures, such 
as syntactically correct spoken and written sentences, 
or alternative language modes and structures, such as 
augmentative communication devices (computers) 
that communicate main message points. There are 
three key design elements of language intervention 
for young children. The first is a focus on the qual-
ity and quantity of the language input (grammati-
cally correct and frequently provided). The second is 
a focus on the child’s active engagement in an activity 
in which he or she is interested. The third is a focus 
on child-level variables, such as memory demands, to 
increase the likelihood that there is a clear mapping 
between the language and the context. Examples of 
these key design features are outlined below.

The	Goals	of	Child	Language	Intervention
Goals are individualized to suit the child’s potential for 
learning to produce and understand the ambient lan-
guage through the most appropriate mode. The start-
ing point then is a thorough assessment of the child’s 
abilities, needs, and environment. This is followed by 
the determination of specific language learning goals 
as well as the contexts of goal provision. The former 
(assessment) is not discussed further here. J. R. John-
ston stated almost 30 years ago that the challenge of 
intervention is to maintain the integrity of language 
learning while accelerating the child’s learning. These 
two challenges are embraced by current approaches 
to intervention. 

Intervention	for	Infants	and	Toddlers
Language intervention methods across childhood 
may be categorized as formal, with explicit goals and 
instruction methods in a therapist-directed learn-
ing context or an informal or naturalistic context 
with implicit goals and methods set within child-
directed learning. For very young children, the latter 
is the preferred method. C. J. Dunst, M. Raab, and  C. 
M. Trivette compared six widely adopted naturalis-
tic intervention methods on 26 child, setting, and 
adult characteristics. The six methods were enhanced 
milieu teaching, incidental teaching, responsive par-
enting, two types of responsive teaching, and It Takes 
Two to Talk (the Hanen program). 

This review identified strategies that were most 
beneficial for language learning, and thus can be 
seen as valuable in terms of evidence-based practice.   
Effective intervention occurs when the therapist 
takes advantage of everyday settings that are typi-
cally found at home, wherein the child’s attention is 
engaged (e.g., playing with cars and following the 
child’s lead) by providing many learning opportu-
nities within that context. Successful therapists give 
the child time to respond in activities requiring turn 
taking and joint attention and respond to children’s 
communicative attempts with positive affect (smil-
ing, affirming touch, or an animated expression). 
Common verbal input from the therapist takes the 
form of modeling, expansion and extension, asking 
questions, and providing prompts. For example, in 
book-sharing activity:

C: dog
A: Yes, the dog barks.
C: dog bark
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A: Granny has a dog.
C: Granny dog
A: We saw Granny’s dog yesterday.
C: Granny dog 
A: Granny’s dog…?
C: bark
A: Yes, Granny’s dog barks.

Of note is that not all types of naturalistic ther-
apy require a certain behavioral response from the 
child. Some approaches aim to provide frequent, 
well-formed language input without requiring a ver-
bal response from the child, while others use elicited 
production that requires a verbal response. There is 
some evidence to suggest that elicited production 
results in language growth in young children with 
SLI (those with a mean length of utterance of less 
than 1.84 words, according to P. J. Yoder, D. Molfese, 
and E. Gardner). Also of note is that intervention 
with infants and toddlers often has the caregiver or 
parent at the heart of therapy. 

The intent is to empower the parent to facili-
tate their child’s language development. There is 
evidence that parent-implemented language inter-
vention is effective. A. Buschmann and colleagues 
enrolled 58 2-year-old children and their parents 
into either a structured parent-based intervention 
or a nontreatment control group. One year later, 75 
percent of the children who were in the treatment 
group demonstrated age-appropriate language abili-
ties, compared with 44 percent in the nontreatment 
group. M. Y. Roberts and A. P. Kaiser also demon-
strated the success of parent-implemented therapy 
for 2- and 3-year-old children.

Intervention	for	Preschool	and		
School-Aged	Children
Once the child is past the toddler stage of learning 
vocabulary and combining words, it becomes impor-
tant to focus on the key characteristics of SLI, which 
are typically shorter ungrammatical sentences with 
omission of morphological markers, for example, 
She run or Him going home. Although the preferred 
approach to therapy continues to be naturalistic for 
preschool children, there is an increased focus on syn-
tax and morphological markers as targets of therapy. 
These targets may include increasing sentence length 
by including more and a wider range of sentence 
components, such as subject, verb, object, or increas-
ing the child’s range of sentence structure from active 

to interrogative, negative, and embedded and subor-
dinated sentences. 

M. E. Fey, S. H. Long, and L. H. Finestack’s influ-
ential paper on the 10 principles of grammar facilita-
tion has had an enduring impact on intervention for 
this age group, most probably because the principles 
are congruent with the three key design principles of 
focusing on input, engagement, and ease of mapping. 
The overarching principle is that, while grammar is 
the focus, the outcome goal is increased facility with 
narrative and conversation in written and spoken 
modes. The input design feature is invoked in the 
principles of not targeting grammatical form alone 
and of avoiding telegraphic speech. The engagement 
feature is invoked in the principles of carefully cho-
sen social, physical, and linguistics contexts, manip-
ulating the discourse to achieve focus on the target, 
and incorporating multiple opportunities and dif-
ferent modalities into therapy. The mapping feature 
is invoked in using contrastive input forms (is and 
are or is and is not) through elicited production. Ease 
of mapping is ensured by selecting intermediate as 
well as outcome goals to transition the child across 
levels of complexity, paying attention to the child’s 
functional readiness. This means ensuring that the 
child understands the grammatical form that is the 
target of therapy and that there has been at least one 
instance of the use of the form that is commonly 
omitted in the child’s speech.

Again, many of the principles and key design fea-
tures of early intervention are just as relevant to the 
school-aged child; however, for the school-aged child, 
there is a shift from learning a language to the lan-
guage of learning. Good language skills underpin 
mastery of reading and writing, and the intervention 
program necessarily incorporates a focus on exposi-
tory text, narratives, and classroom discourse. There 
is evidence that narrative-based therapy increases 
children’s grammatical complexity, oral narrative 
structure, vocabulary, and phonological awareness. S. 
Fricke and colleagues enrolled 180 4-year-old children 
in either an intervention group or a control group to 
measure the effects of therapy. The children in the 
intervention group took part in story-based activi-
ties of creating, acting out, sequencing, and storytell-
ing, and 6 months after intervention, these children 
showed significantly better language skills than chil-
dren in the control group. 

Another recent study by S. L. Gillam, R. B. Gillam, 
and K Reece compared the effects of intervention 
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programs with 7-year-old children. One method 
engaged children in a story-based intervention in 
which the children engaged in discussion, retell-
ing, and comprehension tasks centered on a story, 
where there was continuity of the topic (the con-
textualized intervention [CI]). The other interven-
tion targeted a range of grammatical forms as the 
teacher selected one card depicting social situations 
(e.g., eating) from a set of discussion cards with no 
topic continuity (the decontextualized intervention 
[DI]). Children in both groups performed better on 
language tests in comparison with a no-treatment 
control group, but the CI group outperformed the 
DI group. These two studies demonstrated the value 
of narrative-based therapy for preschool and school-
aged children.

Where	to	From	Here
Finally, the transition from early language abil-
ity to the more complex language of the preschool 
period reflects a shift from contextually bound lan-
guage learning to widely abstracted grammatical 
knowledge akin to adult language use. Getting the 
language-impaired child to this abstracted state can 
be facilitated by taking advantage of what we now 
know about psycholinguistic processing in children 
and adults. We know that what we hear and what we 
say influence the types of sentence structures that we 
are likely to utter in subsequent utterances. This phe-
nomenon is called structural priming. L. B. Leonard 
outlined why and how research on structural prim-
ing can influence the next wave of intervention stud-
ies. Structural priming occurs spontaneously but can 
also be used strategically to teach grammatical struc-
tures. A listener who hears the sentence Yesterday I 
gave Lucy the report (the prime) is prone to describe 
a picture with a similar structure (the target), such 
as The boy gave the girl the flowers, when it is just as 
acceptable to use the form The boy gave the flowers 
to the girl. It doesn’t seem to matter that the words 
in the prime sentence are unrelated to the words in 
the target sentence; rather, it is the structure of the 
prime sentence that cues the structure of the target 
sentence. While we know that book-sharing and nar-
rative-based therapies are effective intervention con-
texts for language-impaired children of all ages, map-
ping the principles of structural priming onto these 
two intervention methods may yield even greater 
gains. This is even more likely to be the case because, 
when structural priming is used, the child produces 

a verbal response, which as we have seen, tends to 
increase the likelihood of a successful outcome.

Stephanie F. Stokes
University of Canterbury
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Item-Based/Exemplar-
Based	Learning
Item-based/exemplar-based approaches to learning 
recognize that a large part of a person’s language 
knowledge is constructed from rather specific pieces 
of language, grounded in the expressions people 
actually use during their everyday interactions. 
These items or exemplars are stored in a way that 
is not far removed (in terms of schematicity) from 
the way in which people encounter them in natural 
discourse. This does not necessarily entail that chil-
dren do not, at some point, understand phrases like 
Susan tickles Mary or words like hands as exemplars 
of more general patterns or schema, say X VERBs Y 
or plural = noun+s. It is a claim about how children 
might get to this point of development and how 
information is stored in the mind of the speaker. 
Exemplar-based approaches are therefore as much 
about how language is represented as about the pro-
cess of learning itself. 

Child-Directed	Speech,	Analogy,	and	Child	Speech
In natural language, a small number of word types are 
used very frequently (e.g., a, the, and it) and a large 
number are used infrequently (e.g., substantive, venal, 
and egregious). The interesting point for the acqui-
sition of multiword speech is that this is as true for 
combinations of words (phrases) as it is for words. 
When we look at the language children hear, a small 
number of types of words and phrases account for a 
large amount of the data. This includes fixed expres-
sions like How are you? and All gone! as well as semi-
formulaic frames like Where’s the X?, I wanna X, More 
X, It’s a X, I’m X–ing it, Put X here, Mommy’s X–ing it, 
Let’s X it, Throw X, X gone, I X–ed it, Sit on the X, Open 
X, X here, There’s a X, and X is broken. What conse-
quence does this have for language development?

The item-based approach proposes that it is this 
formulaticity inherent in human language that gives 
children their initial foothold in constructing their 

language. Work by Martin Braine showed that chil-
dren’s early utterances are characterized by one rel-
atively fixed element and a variable slot wherein a 
number of different lexical items occur, such as more 
milk, more grapes, more juice, or the famous allgone 
sticky. These pivot schemas, however, appear to lack 
the hierarchical organization of sentence constituents 
or the syntactic relationships that hold between them, 
as noted by Lois Bloom, with children using gone juice 
and juice gone to mean the same thing. Item-based 
constructions are different in the sense that children 
use them as syntactic symbols. So, depending on how 
a child has heard a particular verb being used, they 
can employ word order and case marking to indicate 
different roles played by participants in a scene. 

Michael Tomasello suggested that children have an 
early period in which each of their verbs forms its 
own island of organization in an otherwise unorga-
nized language system (the Verb Island hypothesis), 
thereby serving to define lexically specific syntactic 
categories. Thus, the original claim gave special sta-
tus to verbs, but work since has shown early schemas 
emerge around a range of lexical items and frames 
that are statistically reliable and communicatively 
meaningful. Also, the fact that individual items affect 
each other in children’s earliest syntax (as noted by 
Anat Ninio), and the fact that some early novel verb 
uses cannot be traced backed to simpler antecedents 
suggest that the linguistic system may be more joined 
up from day one than the island metaphor would 
suggest. In any event, children learn to go beyond the 
items hear in the input, and analogy is thought to play 
a key role in their doing so. In item-based approaches 
to language acquisition, children first acquire a num-
ber of exemplars or lexical schemas, for example,   
X hits Y, X kisses Y, X pushes Y, and X pulls Y, then by 
forming analogies between the roles that entities’ are 
playing in these events; these exemplars eventually 
coalesce into a general abstract schema, for example, 
X VERBtransitive Y. 

Schemas can be analogous in the sense that they 
share a form, for example, bank [the side of the river 
and bank] the financial institution are both exemplars 
of /bank/. Schemas can be analogous in the sense they 
share a meaning even if they share no surface items 
in common; for example, A goat tickles Mary and The 
boy kicks the ball are both exemplars of X affects Y. 
Young children focus on these kinds of relations in 
making analogies across linguistic constructions, with 
some of the most important being the meaning of the 
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words involved, especially the verbs and the spatial, 
temporal, and causal relations they encode.

There is quite a lot of experimental evidence from 
naturalistic, production, and comprehension studies 
to suggest this overall picture of how children learn is 
correct. Errors in child speech, frequency effects, the 
age at which structures are acquired, and the sequence 
that language emerges can all be predicted on the 
basis of specific item-based patterns in the language 
that they are exposed to. For example, analysis of chil-
dren’s language production shows a very restricted 
range in the application of many early linguistic items 
and structures. Patricia Brooks and Michael Toma-
sello observed that children as young as 2 to 2½ years 
old use a novel verb in a transitive schema (e.g., the 
cat’s meeking the dog), intransitive (e.g., the cat meeks), 
and passive (e.g., the cat got meeked by the dog), but 
they had a tendency to use each verb in exactly the 
same schema in which they had heard the experi-
menter use it. By 3 to 3½ years old, the vast major-
ity of children produce a novel verb in a schema they 
have not seen that verb modeled in. Experiments of 
this kind use novel verbs (like meek) precisely to test 
whether children can go beyond the exemplars they 
have been exposed to and generalize a pattern. Dani-
elle Matthews and Colin Bannard showed that chil-
dren’s willingness to produce unfamiliar sequences 
of words reflects their experience with similar lexical 
patterns in child-directed speech. They asked children 
to repeat unfamiliar sequences that were identical 
to familiar phrases (e.g., A piece of toast) but for one 
word (e.g., a novel exemplar of A piece of X, like A piece 
of brick). Showing detailed, item-specific sensitivities 
to the their linguistic experience, children were more 
likely to substitute alternative words into the final 
position of a four-word sequence if (1) it was difficult 
to predict the fourth word given the first three words 
and (2) the words observed in the final position were 
distributionally similar. 

If children need to remember frequently occurring 
exemplars, then the ability to detect statistical regulari-
ties in language would seem something of a cognitive 
prerequisite. We know 8-month-old infants are sensi-
tive to the statistical tendency that transitional prob-
abilities are generally higher within words than across 
words. By 12 months old, infants can use their newly 
discovered word boundaries to discover regularities in 
the syntactic distributions of a novel grammar, and by 
15 months old, infants are able to combine multiple 
cues in order to learn morphophonological constraints.

Overall the evidence seems to suggest children’s 
initial linguistic representations are based around 
regular and reliable features of the language they hear. 
These slot and frame patterns provide initial foot-
holds of reliability for children to bootstrap their way 
into more complex and abstract knowledge. 

What	Counts	as	an	Item	or	Exemplar?
The discussion of items and exemplars begs the ques-
tion: What counts as an item? The answer to this 
partly depends on the knowledge of the person try-
ing to comprehend language. The fact that this var-
ies as a function of experience with language use 
emphasizes language comprehension as a dynamic 
system. For example, imagine you hear somebody 
say czerwonapiłka. As a nonnative speaker, you might 
store this as a chunk of sound associated with a par-
ticular context. Only later might you reanalyze this as 
czerwona (red) piłka (ball) after you hear each item 
used independently across a range of communicative 
situations. The same is true for the child. What counts 
as an item at one stage of development might not be 
analyzed as an item at another. Say a child hears the 
utterance The dog tickles Mary. With no other ana-
logue in his or her experience, he or she treats it as an 
instance of itself, perhaps even storing it as the chunk 
ThedogticklesMary. Thus, in some sense, all utter-
ances start life toward the idiomatic end of the spec-
trum—idioms like by and large and kick the bucket are 
thought to be stored as relatively unanalyzed chunks. 
Later during development, the child hears The dog 
tickles Peter, and this time it counts as both an exem-
plar of The dog tickles Peter and an instance of The dog 
tickles X. The schema has moved from being purely 
idiomatic to having a productive slot, X. 

The difference between this and fully idiomatic kick 
the bucket is that the latter is much less productive; com-
pare hit the bucket and kick the pail. After many more 
exemplars, the child then hears The dog tickles Mary for 
the second time, but now, it might count as an instance 
of The dog tickles Mary, The dog tickles X, The Y tick-
les X, agent–action–patient, subject–verb–object, and so 
on. Underlining the dynamic, nonlinear nature of lan-
guage development, the same form is counted as differ-
ent instances of different things at different times. We 
see this when children pass through phases where they 
produce competing ways of saying the same thing. For 
example, an infant might go through a phase of saying 
both He giggled and He giggled me. Here, for the child, 
the word giggle is an exemplar of both the transitive 
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and intransitive schema—later in development, it is 
likely to be recategorized as an intransitive-only verb 
(or decategorized as a transitive).

Abstractions	via	Exemplars
The role of items in language development is part 
of a wider debate in psychology over whether peo-
ple categorize the world with reference to a network 
of interrelated exemplars or to a kind of abstracted 
prototype. The difference can be illustrated with an 
example. Suppose you see something that barks and 
has four legs and furry coat, which you categorize as a 
dog. The prototype view claims that you achieved this 
by reference to your knowledge about dogs in general; 
maybe a kind of average of doggish features built up 
from having seen many dogs in the past. The exemplar 
view claims that this dog evoked specific memories of 
earlier dogs, and you used the similarity of the new 
animal to your stored dog exemplars to decide what 
this animal was and how to react to it. In the exemplar 
framework, a token of experience that is identical to an 
existing exemplar (e.g., the same dog) is mapped onto 
that exemplar, strengthening it. 

Items that share some similarity but do not com-
pletely overlap to existing exemplars are represented as 
exemplars themselves and are clustered together near 
to similar exemplars in conceptual space (e.g., differ-
ent kinds of dogs). Overall, the psychological evidence 
favors a view in which both exemplars and more abstract 
representations are used in categorization. In line with 
this, most exemplar-based accounts of language devel-
opment recognize abstraction is a matter of degree and 
development: People can make generalizations over 
instances, and they can also retain a lot of item-specific 
information, as A. Goldberg has found. The interest-
ing developmental question is how children transition 
from item-based knowledge to schematic knowledge. 
The usage-based approach to this has been to focus on 
the role of form and function when children seek com-
municatively meaningful analogies.

What happens to the item-based information once 
people do have some schematic knowledge? There is 
evidence that rich, item-specific memory persists into 
adulthood. For example, high-frequency forms tend 
to be stored and processed as wholes, even if they can 
be generated by a rule or schema. The approach from 
the generativist tradition has been to propose a funda-
mental division of labor in language between linguistic 
units and the rules that combine them into acceptable 
combinations, for example, singular muggle + plural 

marker s = plural muggles. The item-based/exemplar-
based view is that productivity is a result of knowledge 
generalized over specific pieces of language. 

Pluralizing a new word like muggle is by analogy to 
a relevant class of linguistic experience. Even regular 
forms, such as books, dogs, and cars, if encountered 
frequently enough, are represented as whole exem-
plars. The overall picture is one of a rich memory for 
exemplars, whereby sequences of units that frequently 
co-occur cohere to form more complex chunks. Many 
years of research into the statistics of natural language 
have shown that including what might look like mas-
sive redundancy in the linguistic system is in fact the 
most efficient way for humans to comprehend and 
produce language. The psycholinguistic evidence sup-
ports the idea that lexical representations are instan-
tiated in a vast network of structured knowledge, 
which is encyclopedia-like in nature and in scope. Jeff 
Elman reviews a large range of evidence suggesting 
knowledge of fairly specific and sometimes idiosyn-
cratic aspects of lexical usage patterns is available and 
recruited early in sentence processing. 

Item-Based	Computational	Models
Several researchers have attempted to simulate the 
process of moving from items to schemas with com-
putational models. For example, Colin Bannard and 
colleagues built a model of acquisition that begins 
with children learning concrete words (exemplars) 
and phrases, with no categories or grammatical 
abstractions of any kind. That model was then com-
pared to a model using grammatical categories, and it 
turned out that the category-less model provided the 
best account of 2-year-old children’s early language. 
When categorical knowledge, comprising nouns and 
verbs, was entered into this item-based model, per-
formance actually got worse. Importantly, and in 
contrast, in accounting for the child’s language at 3 
years of age, adding grammatical categories such as 
nouns and verbs to the model helped performance, 
suggesting that these categories may emerge in the 
third year of life.

Another important finding was that, at 2 years of 
age, children’s item-based grammars were very dif-
ferent from one another, whereas by 3 years of age, 
children’s more category-based grammars were more 
similar to one another as the children all began con-
verging on, in this case, English grammar. These 
developmental patterns suggest that human children 
are not born with linguistic abstractions, but rather, 
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they construct them very gradually during the first 
few years of language development. Integrating anal-
ogy and item-based learning, Rens Bod implemented 
a computational learning algorithm that was able 
to use structural analogy to probabilistically mimic 
children’s language development from item-based 
constructions to abstract constructions, including 
simulation of some of the errors made by children in 
producing complex questions. 

Conclusion
Item-based/exemplar-based approaches have been 
successful in accounting for various frequency effects, 
errors in child speech, the age at which structures are 
acquired, and the sequence that language emerges—a 
pattern of results that is difficult to account for in gen-
erativist approaches. Because the psychological mech-
anisms that underpin item-based/exemplar-based 
approaches are quite general (memory, analogy, and 
categorization) they have also had success in explain-
ing patterns across a number of linguistic domains, 
including phonetics and phonology, morphology, syn-
tax, and semantics. Such approaches acknowledge that 
adults make generalizations over instances, while also 
retaining a lot of item-specific information, and claim 
that items or exemplars are stored in a way that is not 
far removed (in terms of schematicity) from the way 
in which people encounter them in natural discourse. 

When applied to learning, it means that children’s 
early language is based around regular and reliable 
exemplars of the language that they hear. For children, 
these reliable patterns provide an initial way in to 

constructing their language and, by forming analogies 
among these exemplars, they are able to create more 
complex and abstract representations of language.

Paul Ibbotson
Open University
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Joint	Attention	and	
Language	Development
Joint attention occurs when a person actively attends 
to an object or event shared with a social partner. If 
the person is a young child and the social partner is 
a caregiver, experiences during periods of joint atten-
tion may facilitate development, including the acqui-
sition and use of emerging language skills. A growing 
body of research supports—as well as qualifies—the 
claim that a child’s joint attention is linked to early 
language development. Moreover, it documents how 
joint attention deficits and delays can have profound 
effects on early language learning and how these 
problems may be ameliorated by interventions that 
specifically target joint attention.

The importance of shared activities for language 
acquisition has long been highlighted in social-
constructivist theories of symbol development. Lev 
Vygotsky set the stage by proposing that learning in 
the service of developing language and thought hap-
pens within zones of proximal development, where a 
more knowledgeable partner strategically supports a 
child’s activity. Similarly, Heinz Werner and Bernard 
Kaplan drew attention to the primordial sharing situ-
ation, in which caregivers and infants communicate 
about objects first nonverbally and then increasing 
with symbols, including words. More recently, Jerome 
Bruner elaborated the significance of these didactic 

views of caregiver–child interactions by detailing how 
adults structure interactive formats and routines that 
introduce children to language and its many uses. 
These powerful images provide a heuristic founda-
tion for the now-burgeoning empirical literature that 
documents how young children develop joint atten-
tion behavior, skills, and states. They also underpin 
discussions about how joint attention may play a piv-
otal role in early word learning and how it contributes 
to significant variability during the first stages of lan-
guage acquisition.

The	Development	of	Joint	Attention		
Acts,	Skills,	and	States
Three complementary approaches to the development 
of joint attention are prevalent in the literature that 
relates joint attention to the emergence of language. 
The first approach details how specific actions that 
convey shared interest in objects and events are pro-
duced and understood. Of particular interest is gaze 
following, which entails turning to look to see what 
object a partner has just turned to look at and point-
ing, a gesture that can declare which object might be 
of mutual interest. Much of the research related to 
joint attention acts traces their early developmental 
course in naturalistic settings. More recently, sev-
eral studies have probed infants’ understanding of 
joint attention acts during tightly controlled and 
often clever experimental conditions that manipulate 
various aspects of the joint attention situation. For 
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example, researchers have compared infants’ gaze fol-
lowing when an experimenter’s eyes are opened versus 
closed and infants’ propensity to follow a point when 
its target is located within the visual field or currently 
out of sight. In addition, researchers have studied how 
infants integrate referential and affective components 
of joint attention acts to document the emergence of 
anticipatory smiles (which consist of a glance toward 
an object then a gaze toward the partner before smil-
ing) and affective social referencing (which entails 
looking at an object and then to a partner to discern 
the partner’s appraisal of the object).

The second approach to joint attention seeks to 
assess how skillfully children can use joint attention 
acts to bid for shared attention to an object or event 
and to respond to a partner’s bid for such attention. 
This skills approach takes into account the function 
as well as the form of a communicative act. Thus, the 
same act may reflect different skills depending on the 
communicator’s intention. For example, a point that 
serves the declarative function of directing another 
person’s attention to the referent of a comment is 
considered relevant to joint attention, while a simi-
lar act that serves the imperative function of speci-
fying the object of a request is considered related to 
behavior regulation. Joint attention skills are usually 
assessed using a standardized test conducted by a 
trained examiner or, less commonly, through paren-
tal reports. One widely used test is the Early Social 
Communication Scales, which contains items that 
assess two joint attention skills, initiating joint atten-
tion (IJA; the child’s ability to use gaze and gestures 
to direct another person’s attention toward objects 
and events of interest) and responding to joint atten-
tion (RJA; the child’s ability to follow another person’s 
gaze and gestures toward objects and events), as well 
as items related to the communication skills of behav-
ior regulation and social interaction.

The third approach to joint attention documents 
a child’s joint attention states during ongoing social 
interactions in order to characterize how a child 
actively attends to a shared topic with a partner, often 
a parent. Periods of joint attention may be referred 
to as states of joint engagement in order to empha-
size how joint attention during interactions involves 
active, sustained attending to and interest in a shared 
topic. States of joint engagement during which the 
child is actively attending to the same topic as the 
partner are differentiated from states that involve 
engagement only with the partner or only with 

objects. Various forms of joint engagement can be 
further differentiated based on the structure of the 
child’s attention during a joint attention episode. One 
crucial distinction is between supported and coordi-
nated joint engagement. Supported joint engagement 
occurs when the child focuses on the shared object or 
event without actively acknowledging the partner’s 
contribution to their shared activity. Coordinated 
joint engagement occurs when the child also actively 
attends to the partner by, for example, periodically 
gazing toward him or her and making eye contact 
while sharing an object or event. Engagement states 
can also be characterized in terms of whether or not 
the child is actively attending to symbols. 

A period of joint engagement, be it coordinated or 
supported, is said to be a symbol infused when the child 
is actively communicating using receptive or expressive 
language or symbolic gestures in addition to nonver-
bal acts. State-based approaches usually entail video 
recording social interactions using, for example, the 
Communication Play Protocol, which produces observa-
tions of parent–child interaction in a range of commu-
nicative conditions including commenting, requesting, 
and social interacting. Video records are then coded 
to segment the child’s stream of attention during the 
interaction into a series of engagement states. Vari-
ables such as percent of time spent in coordinated joint 
engagement, supported joint engagement, and sym-
bol-infused joint engagement or the duration of joint 
engagement episodes are then derived. Recently rating 
items for joint engagement states have been validated 
so that information about the amount of various forms 
of joint engagement as well as other aspects of com-
munication during caregiver–child interactions can be 
gathered relatively quickly.

Despite their differences, these three approaches to 
joint attention provide remarkably similar views of 
the early developmental trajectory of joint attention. 
Joint attention typically emerges well before language, 
and it develops with notable changes in amount, form, 
and focus well into the third year (when symbol-
infused joint engagement is typically consolidated) 
and beyond (as children start to sustain complex, bal-
anced conversations). The first joint attention experi-
ences are nonverbal. They begin as caregivers share 4- 
to 6-month-old infants’ nascent and rapidly escalating 
interest in objects by providing literal supports, such 
as moving a toy to attract and sustain mutual atten-
tion. Gradually, beginning in the last quarter of the 
first year, infants become increasingly able to respond 
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to their partner’s joint attention acts and to produce 
object-related declarative communicative acts, such 
as pointing and holding up an object to show it off. 
These joint attention actions become increasingly 
well integrated with other communicative acts, such 
as affective expressions, vocalizations, and first words. 
In addition to periods of supported joint engagement, 
infants now begin to enter into periods of coordi-
nated joint engagement. By the middle of the second 
year, the foundation of joint attention is typically con-
solidated, with infants having mastered the skills of 
responding and initiating joint attention and being 
able to sustain periods of supported and coordinated 
joint engagement during interactions with a willing 
caregiver (but not yet with much success with a same-
aged peer partner). Then gradually, this preverbal 
foundation is infused with symbols as words begin to 
permeate and stretch the temporal and spatial limits 
of ongoing interactions.

One particularly noteworthy aspect of this devel-
opmental sequence is the differentiation between 
the developmental trajectory of joint attention that 
depends primarily on responding to the partner’s 
object-focused actions (from an act approach, follow-
ing a partner’s gaze; from a skills approach, respond-
ing to a partner’s bids; and from a state approach, 
supported joint engagement) and joint attention 
that depends as well on the child’s active attention to 
the partner (acts such as pointing to an object and 
then looking to see if the partner got the point, skills 
related to initiating joint attention, and the state of 
coordinated joint engagement). Joint engagement 
that depends heavily on an adult partner’s support 
occurs soon after an infant begins to display height-
ened interest in objects at the middle of the first year. 
In contrast, it is several months before the more com-
plicated coordination involved in attending both to 
a partner and to a shared object is consolidated and 
before the nuances of initiating joint attention skills 
are mastered. For example, coordinated joint engage-
ment typically begins to occur during parent–infant 
interactions at 9 months and gradually increases over 
the next year as children can, for example, smoothly 
alternate gaze between an object and the partner’s face 
or point and then check to see if the partner is follow-
ing the pointing gesture. Interestingly, in many con-
texts, coordinated joint engagement does not replace 
supported joint engagement, which often remains 
the most prevalent form of joint engagement during 
caregiver–child interactions for many years to come.

A second noteworthy aspect of this developmen-
tal sequence is that joint attention emerges before 
language. Moreover, its basic triadic structure of a 
child attending with a partner to a shared object can 
be consolidated without language. However, it is also 
clear that language influences and ultimately trans-
forms joint attention. Toddlers pay attention to sym-
bolic gestures and words that can themselves serve to 
secure and sustain joint attention. Moreover, language 
gradually frees joint attention from the immediate 
context. By age 3, joint attention commonly moves 
beyond the here and now to include and even to 
focus primarily on events displaced in time and space. 
These displaced, shared topics can include memories 
and plans, mental states such as desires and beliefs, 
and an infinite array of imaginary events.

Locating	the	Crucial	Link	Between	Joint		
Attention	and	Language	Acquisition
The broad claim that joint attention can foster early 
word learning is widely accepted and well supported. 
So too is the general explanation that this facilitation 
occurs because joint attention provides an arrange-
ment that makes it easier to solve the fundamental 
problem of mapping words onto the world. Hearing 
and saying words during periods of joint engagement 
can help a child new to word learning situate a novel 
word close to its referent, making the word–referent 
relationship more transparent and allowing crucial 
covariations to be more readily perceived.

There are several convincing demonstrations of 
how adults can manage the just-verbal child’s joint 
attention in ways that support the strategic overlap 
between word and referent. Not only does the adult 
introduce words into a shared activity, he or she can 
simultaneously highlight the relation to referents 
and downplay interpersonal communication that 
might compete with the cognitively challenging task 
of acquiring the new words. Vocabulary acquisition 
tends to proceed more quickly when toddlers interact 
with parents who have a propensity to speak about 
what the toddler is currently interested in (a strategy 
that is often labeled following in on the child’s focus of 
attention) than when parents have a propensity to try 
to redirect the child’s focus and then provide labels. 
In addition, both concurrent vocabulary size and sub-
sequent vocabulary size correlate positively with how 
often parents structure joint formats, such as book 
reading, that embed words in object-focused routines. 
Moreover, the more toddlers sustain symbol-infused 

 Joint Attention and Language Development 301



supported joint engagement during which they are 
actively focusing on words and on shared objects and 
events, the more rapidly they acquire expressive and 
receptive language.

It is not as clear if and when joint attention facili-
tates other aspects of language acquisition because 
there have been few systematic studies of the relation 
of joint attention and language after infancy. How-
ever, there is some intriguing evidence that adults 
continue to support new aspects of language, such as 
the acquisition of mental state terms, the formation 
of connected conversational structures, and the emer-
gence of literacy during periods of symbol-infused 
joint engagement.

As impressive as these findings about adult sup-
port of language development during periods of joint 
engagement are, adult support is only effective if the 
child is able to benefit from it. There is now lively 
discussion about young children’s central contribu-
tions to the positive link between joint attention and 
language development. One central theme is that the 
child’s responsiveness to a partner’s verbal and non-
verbal communicative actions is essential. In other 
words, for a child to benefit from the partner’s actions, 
he or she needs to be interested in it and able to take 
advantage of the guidance it can provide. Support for 
this claim is strong. For example, it has been repeatedly 
found that early differences in the skill of responding to 
joint attention bids predict both concurrent and subse-
quent language differences, especially in receptive lan-
guage. A second theme is that the child’s receptiveness 
to the partner’s language-facilitating actions entails 
not only joint attention to objects and words but also 
crucial social understanding of communication per 
se. For example, Michael Tomasello and his colleagues 
make the provocative suggestion that joint attention 
involves not merely sharing attention but also knowing 
that one is collaborating and sharing intentions. Dare 
Baldwin, among others, provides evidence that such 
understanding might well serve language acquisition 
by assuring that infants consider information about a 
speaker’s focus and referential intent before they adopt 
the speaker’s label for a new object.

Qualifying	the	Link	Between	Joint	Attention		
and	Language	Learning
There are several important qualifications to the 
claim that joint attention is linked to language acqui-
sition. First, it is essential to consider the child’s level 
of language development. Joint attention may be 

especially helpful during the initial phase of receptive 
and expressive vocabulary acquisition when it can 
provide essential help situating words near referents. 
But as children become increasingly facile at using 
other word-learning strategies, such as fast mapping, 
joint attention may not hold such a central role in 
acquiring new words. This caveat is consistent with 
the finding that variations in the skill of responding to 
bids for joint attention are less predictive of vocabu-
lary gains once children start to accumulate relatively 
larger vocabularies at the end of their second year.

Second, it is important to consider how cultural 
practices affect joint attention and its relation to lan-
guage learning. An important but relatively small lit-
erature documents marked cross-cultural variations 
in the way young children interact with caregivers and 
are exposed to language. There is some evidence that 
the positive relationship between joint attention expe-
rience and the timing of first words is relatively robust 
across a range of cultural settings. But, it is also becom-
ing increasingly clear that joint attention experiences 
in dyadic caregiver–child, object-focused interactions 
cannot be necessary for word learning because there 
are cultures where such interactions are rare or even 
nonexistent. Observations of early language learn-
ing when children do not have many joint attention 
opportunities are prompting further study of how 
early language learning during dyadic joint attention 
differs from such learning when a child overhears con-
versations or participates in multiparty interactions.

Third, it is clear that developmental disorders may 
disrupt the link between joint attention and language 
acquisition observed in typical development. Prob-
lems sustaining joint attention may alter and limit a 
child’s access to language-facilitating interactions.

The relationship between joint attention and lan-
guage is perhaps most intriguing in autism spectrum 
disorder. Children with autism spectrum disorder 
have a profound and persistent joint attention deficit 
that is most pronounced during referential communi-
cation. For example, children diagnosed with autism 
spectrum disorder rarely produce declarative points 
even if they use gestures, including points, to request 
objects. Moreover, joint attention is most impaired 
when it entails active attention both to the partner 
and to a shared object or event. Thus, the skill of ini-
tiating joint attention is often more severely impaired 
than the skill of responding to joint attention. More-
over, periods of coordinated joint engagement rarely 
occur during the interactions of children with autism 
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spectrum disorder and their caregivers, but periods 
of supported joint engagement may be sustained. 
Further along the developmental path, the referen-
tial language deficit in autism spectrum disorder is 
most apparent in difficulties sustaining connected 
conversations and telling stories, producing cohesive 
elements such as demonstratives (e.g., that dog) and 
pronouns that help specify referents (e.g., this or that), 
perseverating on a narrow topic or inserting irrel-
evant remarks, and appreciating complex speech acts 
such as irony and some types of humor. 

There is a compelling possibility that the joint atten-
tion deficit in autism spectrum disorder may be piv-
otal for language learning and language intervention. 
Evidence that relates early joint attention difficulties 
and vocabulary development is strong. Interestingly, 
variation in responsiveness to joint attention has been 
shown repeatedly to account for variation in early lan-
guage outcome. In comparison, findings are mixed 
as to whether variations in initiating joint attention 
in autism spectrum disorder predict language learn-
ing, perhaps because this aspect of joint attention is so 
often severely impacted by autism spectrum disorder. 
One implication of this pattern of findings is that early 
interventions that target joint attention may facilitate 
language acquisition. In addition, these interventions 
may be particularly successful if they increase oppor-
tunities for a child to sustain periods of supported 
joint engagement with a partner who provides verbal 
input, even when the child continues to experience 
difficulties attending actively to social partners.

The study of the relationship between joint atten-
tion and language in Down syndrome is also intriguing. 
Unlike autism spectrum disorder, Down syndrome is 
not characterized by a joint attention deficit, although 
there is often a considerable delay in the emergence of 
preverbal joint attention acts, skills, and states. Never-
theless, children with Down syndrome have more diffi-
culty acquiring expressive language than their levels of 
cognitive delay might suggest. This difficulty can result 
in relatively less experience in symbol-infused joint 
engagement that not only limits the focus of shared 
attention to immediate, concrete events but also may 
contribute to a continued slowing of expressive lan-
guage acquisition. One effective intervention strategy 
is to provide parents with ways to increase the salience 
of words during the interaction. For example, inter-
ventions that include the use of alternative and aug-
mented communication strategies such as a speech-
generating device that can help highlight words within 

parent–child interactions have been found to increase 
the amount of symbol-infused joint engagement.

Taken together, these various qualifications of the 
link between joint attention and language raise both 
caution and promise. The early shared experiences 
between young children and caregivers vary so widely 
that any claim about a simple link between joint atten-
tion and language is surely inadequate. Nevertheless, 
joint attention can and often does provide young 
children with guided access to language within social 
interactions during the transition from preverbal to 
verbal referential communication. Moreover, help-
ing a child with language delays develop joint atten-
tion skills as well as altering partner’s supports during 
periods of joint engagement may have a constructive 
impact on subsequent language development.

Lauren B. Adamson 
Nevena Dimitrova

Georgia State University
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Labeling	Effects	on	
Cognitive	Development
In the first years of life, children acquire a rich reper-
toire of conceptual categories. They learn that things 
with feathers tend to fly, that animals possessing cer-
tain features are dogs, that foods of a certain color and 
shape are edible, that objects made of certain materi-
als bounce when they fall. Simultaneously, they learn 
names for these categories; for example, they learn 
that flying things with feathers are called birds, that 
the sound dogs make is called barking, and that a cer-
tain class of motions is called bouncing. A key question 
is whether and how learning and using verbal labels 
affects cognitive development. For example, in Eng-
lish, paintings hang on walls and plates rest on tables 
despite obvious differences between the two kinds of 
support. Does having a common label for these two 
different relations change how children learn the con-
ceptual category? More broadly, what aspects of cog-
nitive development depend on or are augmented by 
learning and using language? This entry summarizes 
key findings implicating the role of verbal labels in 
category learning, numerical concepts, and relational 
reasoning.

Labels	and	Categorization
The learning of conceptual categories is, in principle, 
separable from the learning of verbal labels. A child 

can have a conceptual category of dog—such that 
dogs are reliably classified as being the same kinds of 
things—without having a name for it. Indeed, a clas-
sical view, sometimes called the cognitive priority 
hypothesis, holds that, for a child to learn a label, the 
child must already possess some conceptual category 
onto which the label is mapped. In this view, the role 
of words is strictly communicative. Adults may use 
words to direct a child’s attention, for instance, tell-
ing the child not to pet the dog because it may bite, 
but in this view, the words pet and dog do not play 
a role in the child’s learning of these concepts. An 
alternative position is that labels play an active role 
in the process of constructing concepts. In this view, 
the experience associating a common label with dif-
ferent category exemplars (different dogs or differ-
ent instances of petting) helps the child to form the 
category in the first place. There is now a consider-
able body of research supporting the hypothesis that 
labels play an important role in category learning and, 
indeed, continue to play a role in adult categorization. 
The idea that word learning can shape the conceptual 
space is closely linked to the idea of linguistic relativ-
ity (the so-called Sapir-Whorf hypothesis). Languages 
vary substantially in how they divide up the world. 
For instance, in English the word on is used both for 
a cup being on a table and a handle being on a door 
but not for an apple in a bowl. In Finnish, the apple 
in a bowl and handle on a door are described by the 
same term using the inessive case –ssa, whereas the 

L



cup on a table is described using the adessive case –lla. 
Dutch uses separate terms for all three relations, and 
Spanish uses the same term for all three. If labels play 
a role in structuring conceptual categories, then cross-
linguistic differences in patterns of lexicalization may 
produce concomitant differences in conceptual struc-
ture in people speaking different languages.

Labels have been argued to facilitate categoriza-
tion in infants as young as 3 months. For example, 
Sandy Waxman and colleagues have found that, when 
objects such as toy dinosaurs are paired with novel 
words (this is a toma), infants are more likely to form a 
category, dishabituating to an out-of-category object 
such as a fish but not an in-category object such as a 
new dinosaur. Results such as these led these research-
ers to argue that labels are invitations to form catego-
ries. Studies examining the learning of more abstract 
categories such as spatial relations like on have also 
found evidence of the facilitative effects by labels. 
Marianella Casasola found that 18-month-old infants 
could form an abstract spatial category only when 
accompanied by a label. The claim that labels facilitate 
category learning in infancy is controversial. Vladimir 
Sloutsky and his colleagues have reported multiple 
studies in which young children learn categories best 
in silence and in which labels and other concurrently 
delivered auditory information can attenuate learning 
of categories that are based on visual similarity. These 
researchers argue that labels may indeed aid catego-
rization and related processes such as induction later 
in development but may overwhelm young infants 
through a process of auditory overshadowing.

Studies have shown labels to impact category learn-
ing in adulthood. Gary Lupyan and colleagues have 
found that adults show an advantage for categorizing 
objects with a label versus with visual information 
only. In particular, participants learned to distinguish 
two categories of “aliens” about twice as fast when 
they learned the names of the two different kinds of 
aliens compared to when they categorized them with-
out learning the names. 

An important question is what, if anything, is spe-
cial about verbal labels. One possibility is that infants 
are naturally attuned to word-like stimuli and use 
them as a cue to compare and contrast the labeled 
entities. Another possibility is that there is nothing 
special about verbal labels per se but that it is how 
people use them—as discrete, categorical cues to cat-
egory membership—that, over time, leads children 
to treat them as privileged category markers. Linda 

Smith and colleagues have argued that, as children 
learn words, the frequent redundancy between labels 
and other cues (visual information and syntactic 
information) and category organization helps them 
use labels to facilitate their learning. For example, in 
English, most early-learned nouns name object cat-
egories organized by similarity in shape (e.g., ball and 
spoon). As children learn the structure of these indi-
vidual categories (e.g., balls have a similar shape and 
spoons have a similar shape, etc.), they also form a 
more general association between nouns’ words and 
shape similarity. This higher-order association—
known as the shape bias—leads children to selectively 
attend to similarity in shape when learning new words 
and subsequently learn new words more quickly. As 
children learn even more words, they can flexibly shift 
their attention to category-relevant dimensions other 
than shape depending on context, for example, mate-
rial in the context of nonsolid substances or color in 
the context of adjectival frames. Smith has described 
word learning as on-the-job training for attention in 
the service of future word learning.

Recently, Lynn Perry argued that word learning 
trains attention to dimensional similarity more gen-
erally. While even 2-year-old children are skilled at 
selectively attending to one dimension of similarity 
(e.g., shape) to the exclusion of others (e.g., color) 
in generalizing the novel names to novel objects, it is 
not until closer to 8 years of age that they can do so 
in nonnaming similarity classification. In particular, 
younger children prefer to classify objects based on 
overall or holistic similarity relationships, while older 
children and adults prefer to classify objects based on 
identity or dimensional similarity relationships. Perry 
found that labels not only facilitate young children’s 
categorization along a single dimension of similarity 
but also lead to subsequent increases in dimensional 
attention in similarity classification. This builds on 
neural network modeling by Linda Smith and col-
leagues, demonstrating that it is the process of label-
ing the attributes of objects that drives the learner to 
selectively isolate dimensions and attend to dimen-
sional rather than holistic similarity. This develop-
mental shift in similarity classification may therefore 
be driven, at least in part, by labeling. Together, this 
body of work shows that learning and using verbal 
labels may be important for selectively focusing on 
category-relevant information. Thus, labels not only 
facilitate the learning of individual categories by mak-
ing continuous information more categorical but also 

306 Labeling Effects on Cognitive Development



create smart category learners who can readily focus 
on category-relevant dimensions and acquire new 
category information more quickly. Further evidence 
for this claim comes from studies of adults under con-
ditions of verbal interference and individuals with 
acquired language deficits (stroke-related aphasia). In 
both cases, linguistic impairments (especially naming 
impairments) have been shown to adversely affect the 
categorization process, particularly when it requires 
focusing on a few specific dimensions while abstract-
ing over others.

Labels	and	Numerical	Concepts
A very interesting case of the effects of labels on cog-
nitive development concerns the learning of number 
concepts. There is broad agreement that nonhuman 
animals and young children can apprehend (subitize) 
the quantity of small sets (one to three or four) and 
approximate the numerosity of larger sets. In addition, 
older children and adults can entertain concepts of 
large, exact numerosities, for example, 15 as being cate-
gorically distinct from 16. Recent cross-cultural studies 
suggest that this ability derives from the use of number 
words combined with a learned counting routine. Fur-
ther evidence of the importance of linguistic training 
in this domain comes from work by Elizabet Spaepen 
and colleagues showing that Nicaraguan home-signing 
adults—deaf individuals living in a numerate culture 
without a conventional sign language—fail in concep-
tualizing exact numerosities. Number concepts require 
massive abstraction over perceptual details (consider 
that a group of 10 people and 10 fish are both members 
of the category 10 despite massive perceptual differ-
ences). Exact number concepts beyond about four may 
require linguistic support.

Labels	and	Relational	Thinking
In comparison to other animals, humans have a knack 
for forming relational categories and making infer-
ences on the basis of relations. For example, although 
many animals can be trained to respond one way to 
large circles and a different way to small circles, it is 
extremely difficult to train nonhuman animals to 
respond on the basis of relations such as sameness 
(e.g., press the left button if two shapes are the same, 
and press a different button if two shapes are differ-
ent) while abstracting over perceptual features of the 
input. Such relational tasks are also difficult for young 
children, particularly because they require the learner 
to consider abstract relations that objects might have 

in common while ignoring the specific properties of 
the objects themselves.

Performance improves, however, when these abstract 
relations are labeled. In particular, Dedre Gentner and 
colleagues have argued that labels help children identify 
relations and use them in analogical reasoning. Con-
sider a task in which children need to map by analogy 
the relationship between a small doll and a large doll to 
a perceptually dissimilar display showing a set of boxes. 
Gentner and colleagues have shown that labeling pro-
foundly affects children’s ability to perform analogical 
mappings. Labeling the small doll baby and the large 
doll daddy enabled 3- and 4-year-old children to map 
the size relation onto differently sized boxes. Critically, 
performance is even facilitated by labeling the relation 
using a novel label. For example, when 3- to 5-year-old 
children are presented with a card portraying a bird 
and nest and told, “The nest is the dax for the bird,” 
they are better able to identify a relation like home for 
and generalize it to a card portraying a horse and barn. 
The benefit of labeling the relations occurs on multiple 
timescales: The presence of a label helps children in 
the moment to direct their attention to task-relevant 
dimensions. But even days later, when children are pre-
sented with the same relational reasoning task without 
labels, children who had initially been given a label are 
better able to solve it than children who were never 
given labels in the first place. Thus, learning the names 
of abstract relations may play a critical role in allowing 
people to flexibly represent relational categories.

Gary Lupyan 
Lynn K. Perry

University of Wisconsin–Madison
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Language	and	Motor	
Interactions	in	Development
Language and motor development have traditionally 
been viewed as independent domains, each showing 
unique developmental trajectories and each vulnerable 
to disorder. Caregivers report when their child sits and 
walks and when their child produces first words and 
sentences without consideration of interactions across 
these motor and language accomplishments. It has, 
however, become an increasingly compelling possibil-
ity that language and motor development are interac-
tive and codependent. While the nature and extent of 
such interactivity remain an open question, there have 
been serious attempts at building a theoretically moti-
vated case for interactivity. In addition, much behav-
ioral evidence from typical and atypical development 
supports language and motor interactions. 

Theory:	Dynamical	Systems	and		
Individual	Differences
The majority of researchers studying language acqui-
sition have considered early conceptual, lexical, 
morphosyntactic, and phonological development as 

domain specific. However, since the 1990s, several 
investigators have taken a different approach, view-
ing perception, action, and cognition (including lan-
guage) as highly interrelated. This perspective was 
driven substantively by the ideas of Esther Thelen and 
Linda Smith in their application of dynamical systems 
to development. One of the central tenets was that 
perception and action inform the course of cognitive 
development over time. Tasks such as visually guided 
reaching and solving the A–not-B task (i.e., searching 
for a hidden object that may be in one of two loca-
tions) are not related exclusively to object concepts 
but rather to dynamic interactions of motor skill, con-
text, and experience. Shifts in variability of movement 
over time may arise as these dynamic effects exert dif-
ferential influences as the child learns. This theoretical 
perspective helped to lay the groundwork for consid-
ering language and motor domains of development 
as both flexible and interactive. However, it was not 
the only theoretical reconsideration of language and 
cognitive development to do so. Language research-
ers such as Elizabeth Bates have also suggested that 
individual differences in early language development 
may be explained by influences from other domains, 
including the developing motor system. In sum, 
motor and language interactivity have been a focus of 
different theoretical accounts, though the influence of 
motor on language development has been construed 
in different ways, with some researchers seeing motor 
and perceptual development as driving language and 
cognition and others as providing an explanation for 
differences observed across individual learners. 

Theory:	Neural	Correlates	of	Language		
and	Motor	Processing
There has been a similar shift in thinking regarding 
domain specificity when considering the neural under-
pinnings of language and motor processing. George 
Ojemann and colleagues long ago, through electri-
cal-stimulation mapping from awake humans, found 
common neural control mechanisms for language and 
motor function and implicated precise timing as an 
important behavioral correlate. Giacomo Rizzolatti 
and others have, in their research on the mirror neu-
ron system, further maintained that motor imagery 
and production share neural substrates for human 
and nonhuman primates: Specifically, they showed 
that neuron activation patterns remain essentially the 
same whether an individual is watching or perform-
ing an action. A more specific language–motor link 
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has been identified by Friedemann Pulvermuller, who 
demonstrated that verb comprehension is associated 
with activation in the somatotopic motor regions in 
the brain. Broca’s area has served as a focus of research, 
with several investigators proposing that language and 
motor behaviors share common origins in relation to 
sequencing, hierarchical planning of action, and imi-
tation. As with the elaboration of dynamical systems 
theory in the areas of language and cognitive devel-
opment, there is an active and provocative literature 
regarding the tightness of neural connections between 
language and action in humans, as articulated, for 
example, by Greg Hickok and David Poeppel. 

Theory:	Models
Of the many models of speech production in the lit-
erature, the most classic sort, such as that proposed 
by Willem Levelt, views speech production as inde-
pendent of other domains of action, with conceptual, 
word, syntactic, and phonological processing levels 
eventually feeding into articulation. In another cat-
egory of models, researchers such as Frank Guenther 
and Greg Hickok have attempted to reconcile the 
translation problem between language and motor 
processing levels. These models apply naturally 
to development and generally include a mapping 
between auditory targets and syllable-level articula-
tory targets. In these approaches, infants are hypoth-
esized to map auditory and somatosensory targets to 
oscillatory articulatory movement frames that corre-
spond to the syllable. These mappings become more 
precise through imitation. It is notable that, for all of 
the above models, the syllable is the key unit of inter-
face between language and articulation. 

From yet another perspective, researchers such as 
Matthew Goldrick propose additional levels of inter-
face beyond the syllable. Relationships between lexical 
and articulatory processing have served as the focus of 
investigation, with traces in the phonetic output reflect-
ing lexical factors, such as whether a form is a real or a 
novel word or of high or low frequency. What is impor-
tant about this sort of model is that the interactions 
across articulation and language operate not just at the 
level of the syllable but also span across higher levels of 
language processing, such as the word level.

Behavioral	Evidence:	Prelinguistic		
Vocalization	and	First	Words
Language and motor interactions have been well 
identified in infant prelinguistic babbling and in the 

transition to first words. The production of canoni-
cal syllables (e.g., bababababa) that occurs at 7 to 9 
months has been cited by Peter MacNeilage and Bar-
bara Davis in their Frame-Content Theory as a motor 
behavior that likely emerges from chewing and that 
is exploited for the production of syllables. These syl-
lables then form the basis for first words. Rhythmic 
oscillations of jaw activity that emerge during chew-
ing form the frame for syllable production. It is only 
later in development that tongue and lip movement 
are independently controlled for the production of 
deliberately differentiated consonants. As reported by 
Janna Iverson and Esther Thelen, the rhythmic oscil-
lations of the jaw observed at the onset of syllable pro-
duction also co-occur with and are often entrained 
with similar movements of the limbs. Rhythmic oscil-
lations are observed in both canonical babbling and 
in arm and hand movements. This is perhaps the 
quintessential example of a motor-language interac-
tion, but the idea has not gone entirely unchallenged. 

Christopher Moore and Jordan Green have con-
ducted detailed analyses of the structure of articula-
tory movements associated with babbling, first words, 
and chewing (using electromyographic and kinematic 
techniques) and found that chewing and syllable pro-
duction are substantially different in their organiza-
tion, with chewing showing alternating activation of 
movement and speech (including babbling) showing 
coactivation of movement. As first words emerge, 
however, it appears that oral motor capacity does 
facilitate the production of words. Both Katie Alcock 
and Jordan Green and his colleagues have reported 
that expressive vocabulary size is correlated with oral 
motor skill during early word production. The onset 
of first words also corresponds with that of locomo-
tion. Lana Karasik, Catherine Tamis-LeMonda, and 
Karen Adolph have shown that object interactions 
over distances, including the hallmark early commu-
nicative capacities of showing and offering, are associ-
ated with the transition to walking.

Word learning requires more than mapping oral 
motor skill to word forms. To acquire words, young 
children must first be able to separate objects into 
discrete categories (to which names are ultimately 
applied). Underlying concepts and categories form the 
basis for determining object kinds that should receive 
different labels. Multiple factors have been identified 
as facilitating category development, such as visual 
attributes of objects and whether the object, or a simi-
lar object, has previously been named. Linda Smith 
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has argued that concept and category development are 
tightly coupled with perception and action. When con-
sidering the role of action in category learning, infants 
and toddlers may rely on motion cues to reduce the 
inherent ambiguity in the input. For example, young 
children were able to categorize a novel object with 
other similar objects that moved along the same hori-
zontal or vertical plane when they had acted upon the 
object themselves. Simply watching the motion did 
not result in successful learning. This is just one exam-
ple of how manual action on objects provides a cue for 
category learning and, ultimately, for word learning.

Behavioral	Evidence:	Words,	Sentences,		
and	Sounds
Methodologically, interactions between speech motor 
and language performance have been addressed 
through applying movement trajectory analysis (of 
the articulators or the respiratory system), while chil-
dren produce different sounds, words, and sentences. 
Two major approaches have dominated. One of these 
involves study of the structure and organization of 
movement as displayed by the amplitude, duration, 
and patterning of lip, tongue, jaw, or respiratory move-
ments as talkers execute specific speech and language 
goals. A second approach includes assessment of shifts 
in movement variability. Both of these methodologies 
reveal developmental changes as children mature. They 
also have been used to identify differences across typical 
and atypical populations. Finally, these approaches can 
index within individual differences as talkers produce 
different words, sentences, and phonological forms. 

Interactions	Between	Words	and	Articulation
As described above, some contemporary models of 
adult speech production provide evidence that inter-
actions across articulation and language span not 
only the syllable but also the word. Consistent with 
this proposal, Lisa Goffman, Lori Heisler, and Allison 
Gladfelter have focused on assessing changes in artic-
ulatory motor variability as lexical and phonological 
demands vary. Preschool-age children are asked to 
produce novel word strings repeatedly, while articula-
tory variability is measured. Children are then taught 
(through listening but not talking) referents for some 
of the novel word forms but not for others. Articula-
tory variability diminishes only when a young child 
acquires a referent for the novel word string. When 
the word form has no referent linked to it, articula-
tory variability does not change. This is an example 

of how referential aspects of word learning directly 
influence the kinematics of word production as chil-
dren acquire a novel word. 

Interactions	Between	Sentences	and	Articulation
Syntax is often considered a central case of modular-
ity, with sequencing, grouping, and rhythmic form 
underlying the instantiation of syntactic structures in 
the production of sentences. Protracted developmental 
change is seen in the duration and variability of speech 
movements as children produce sentences. Populations 
with speech and language disorders, such as adults with 
Parkinson’s disease and children with specific language 
impairment (SLI), are particularly vulnerable in their 
production of sentences, showing increased articula-
tory variability compared with typical peers. In addi-
tion, as demonstrated by Anne Smith and colleagues, as 
length or syntactic complexity increases, an individual 
child will show relatively higher levels of articulatory 
variability. Findings by Lisa Goffman and collaborators 
reveal that, similar to lexical load, syntactic load influ-
ences articulation. Several sources of evidence suggest 
that syntax, rhythmicity, and sequencing share com-
mon elements that are core when considering language 
and motor interactions.

Interactions	Between	Segmental	and	Prosodic	
Phonology	and	Articulation
It may be expected that segmental skills would lie clos-
est to action as, in classic speech production models, 
phonological processing feeds directly into articula-
tion. However, as described above, lexical and syntac-
tic factors influence articulation even when phono-
logical components are held constant. 

Segmental phonology, almost by definition, inter-
acts with the motor system. Maria Grigos has shown 
that variability shifts as toddlers acquire the voicing 
contrast (e.g., p versus b). As reported by Lisa Goffman 
and colleagues, segmental effects influence broader 
components of movement, including a syllable and 
even a sentence. When the lip rounding of a medial 
vowel is manipulated, the effects span an entire sen-
tence. This wide articulatory extent does not change 
developmentally and is similar in 4-year-old children 
with typical development, those with SLI, and adults. 
Finally, Lori Heisler and colleagues have identified 
that phonotactic frequency directly influences articu-
latory variability. Overall, there are multiple specific 
interactions between the organization of segmental 
phonology and articulatory implementation.
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Prosody is of particular interest because it resides 
at the interface between phonology and morphosyn-
tax. Prosody involves the production of organized 
movements that vary systematically in amplitude and 
duration. Lisa Goffman and Kirrie Ballard have found 
that young children, both typical and with speech and 
language disorders, have particular difficulty execut-
ing movements associated with complex prosodic 
sequences.

Behavioral	Evidence:	SLI
Children with SLI—and other developmental disor-
ders, such as autism and dyslexia—provide important 
test cases for considering language and motor interac-
tions. Children with SLI are defined based on exclu-
sionary criteria; they show difficulties with language 
that putatively are not explained by auditory, motor, 
social, or cognitive deficits. Researchers have histori-
cally suggested that children with SLI provide evi-
dence for the modularity of language because deficits 
appear to be solely related to language-based factors 
of representation and processing, especially as they 
pertain to morphosyntax.

However, over the past several years, it has become 
evident that children with SLI also demonstrate some 
degree of motor deficit. Work by Dorothy Bishop and 
Elisabeth Hill, among others, has revealed that these 
children have difficulty with tasks such as stringing 
beads, rapidly placing pegs in a pegboard, and imitat-
ing gestures. It is unclear why these deficits emerge as 
they do, and some have suggested that they are nei-
ther systematically nor causally connected to those 
observed in the language domain, but rather repre-
sent a more general developmental comorbidity.

Other researchers, such as Michael Ullman and Eliz-
abeth Pierpont, have posed a more specific hypothesis. 
They suggest that the neural structures underlying the 
procedural learning system are impaired in children 
with SLI and that domain-general deficits related to 
this system will be implicated. Thus, it is predicted 
that sequencing, timing, and new learning would be 
impaired in children with SLI. Behaviors associated 
with declarative learning should be spared, regardless 
of domain.

Data addressing this procedural deficit hypoth-
esis are rather sparse but growing. Bruce Tomblin, 
Elina Mainela-Arnold, and Xuyang Zhang reported 
that adolescents with SLI had difficulty in a manual 
serial reaction time task, thus demonstrating a pro-
file of sequencing deficits that may be directly related 

to procedural learning. However, there are conflict-
ing findings showing that children with SLI had no 
difficulty with either a deterministic or a probabi-
listic manual sequencing task. Howard Zelaznik and 
Lisa Goffman have found that metronomic timing is 
spared in older children with a history of SLI; how-
ever, younger children with SLI display difficulties in 
manual timing and sequencing tasks. Children with 
SLI also show particular difficulty producing prosodic 
and syntactic sequences and mapping new words onto 
articulatory sequences. It seems that there are specific 
language and motor linkages that are likely implicated 
in children with SLI, even while some aspects of man-
ual processing remain unaffected.

Overall, there is no question that many children 
with SLI show generalized motor deficits as measured 
on standardized tests. What is far less clear is whether 
these deficits tie in specific ways to language or reflect 
a more general comorbid condition in the develop-
mental time course and thus a nonspecific language–
motor interaction. There are presently competing 
perspectives on this problem, and understanding 
the specificity of these language and motor relation-
ships may have a profound impact on intervention 
approaches for children with language impairment. 

Behavioral	Evidence:	Music	and	Language
An additional line of research bearing on language–
motor interactions focuses on relationships between 
language and music. In children, one intriguing and 
relevant finding is that musical training positively 
influences speech processing. As shown by Nina 
Kraus and her colleagues, musical training in child-
hood improves multiple aspects of auditory develop-
ment. Direct relationships between musical training 
and reading ability have also been identified. Laurel 
Trainor and collaborators found that children with 
musical training are better at decoding words when 
they are new readers and at comprehending while 
reading a few years subsequent to their training expe-
rience. Music and language share several components 
that make this relationship logical. Both require map-
ping of complex auditory processing components to 
motor skill; for example, the perception of pitch and 
rhythm in coordination with complex movements 
of the limbs. Years of musical training in childhood 
have been linked to improved cognitive and educa-
tional outcomes, even when controlling for factors 
such as socioeconomic status and intelligence. To cite 
one instance, rhythmic abilities have been identified 
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as problematic for children with dyslexia, and there 
is also emerging evidence that this is the case for 
children with SLI. Specific aspects of motor and lan-
guage development are likely to be interconnected, 
with rhythmic, grouping, and sequencing capacities 
underlying multiple components of linguistic, musi-
cal, and other aspects of motor processing.

Lisa Goffman
Purdue University
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Language	Development		
in	Children	With		
Cochlear	Implants

More than 28,000 children in the United States and 
more than 71,000 children worldwide have received 
cochlear implants. Approximately 40 percent of chil-
dren born with profound deafness receive implants in 
one or both ears. Children with congenital, profound 
hearing loss of unknown etiology represent the largest 
proportion of pediatric cochlear implant recipients. 
These children, deafened prior to the development 
of language (i.e., prelingually deaf) show significant 
delays and disturbances in both expressive and recep-
tive spoken language, with consequent comorbid def-
icits in several core areas mediated by language such 
as literacy, executive function, behavior regulation, 
and social cognition. A cochlear implant is a medical 
intervention that provides both children and adults 
with profound deafness access to the acoustic cues 
necessary for speech acquisition and spoken language 
development; however, cochlear implants do not 
restore normal hearing. The spectral properties of the 
signal encoded by current cochlear implant process-
ing strategies are underspecified, which makes it dif-
ficult for implant users to perceive pitch cues critical 
for understanding speech prosody, music, emotion, 
and importantly, speech in noisy listening conditions. 
Although the acoustic signal is significantly degraded 
compared to the original unprocessed speech signal 
received by a normal-hearing brain, implantation sig-
nificantly ameliorates the deleterious effects of early 
onset deafness and a period of auditory deprivation 
on speech and language development.

While it is now well known and extensively docu-
mented that cochlear implants improve speech recog-
nition and speech production in deaf children, recent 
studies show that children who receive a cochlear 
implant early in life, typically between 12 and 18 
months of age and prior to the presence of a signifi-
cant language delay, show expressive and receptive 
language trajectories that roughly parallel those of 
their typical hearing peers. About 50 percent of these 
early implanted children will eventually catch up with 
their typically hearing peers within 3 years of being 
implanted, and many of these children can transi-
tion successfully into mainstream kindergarten class-
rooms. However, an enormous amount of variability 
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in language outcomes exists among pediatric and 
adult implant users, even those individuals implanted 
during the sensitive period for language acquisi-
tion. Known factors associated with improvements 
in language development include early implantation 
(prior to age 2 years), greater residual hearing prior 
to implantation, and enrollment in early intervention 
and rehabilitation programs that encourage speaking 
and listening and oral education. In addition, recent 
studies have shown that, for children implanted by 
3 years of age, maternal sensitivity, maternal mean 
length of utterance (MLU), use of strategies such as 
recasting and asking open-ended questions, cogni-
tive stimulation, and linguistic scaffolding contribute 
as much predictive value as age of implantation and 
other conventional demographic variables.

Studies of vocabulary learning and knowledge 
have demonstrated that about half of children with 
cochlear implants achieve age-appropriate standard 
scores on measures of expressive and receptive vocab-
ulary after 3 years of implant use, although children 
with typical hearing acquire words at a faster rate 
and demonstrate better fast mapping than children 
with cochlear implants. Word-learning research using 
the preferential looking paradigm has shown that, 
although word-learning skills in children who receive 
their implants between 12 and 24 months of age are 
delayed compared to typically hearing children of the 
same age, infants implanted very early in life (prior to 
12 months of age) demonstrate word-learning skills 
that are comparable to hearing infants. Furthermore, 
early word-learning is correlated with later vocabu-
lary levels in children with implants. 

Children with cochlear implants also demonstrate 
delays and deficits in pragmatic language skills, such as 
provision of contingent responses, compared to typi-
cally hearing peers. Although children with implants 
may use a variety of pragmatic functions, they often 
do so inconsistently or inappropriately, which has sig-
nificant consequences for social competence. Finally, 
even very successful implant users may demonstrate 
selective language deficits relative to normal-hearing 
peers. For example, even when language comprehen-
sion is age appropriate, use of morphological markers 
is frequently delayed, even two to three years post-
implant. And, all cochlear implant users, adults and 
children, have significant problems understanding 
speech in noise, over the telephone, or under other 
adverse listening conditions such as increased cogni-
tive load or mental effort.

While cochlear implants provide children who are 
deaf with access to the acoustic cues for speech, thereby 
enabling these children to develop age-appropriate 
spoken language skills, many implanted deaf children 
remain significantly delayed in verbal processing skills. 
These findings have prompted researchers to investi-
gate other sources of variance in language outcomes, 
for example, core foundational neurocognitive fac-
tors such as working memory capacity, rapid nam-
ing, and inhibitory control; and family environmental 
factors such as maternal sensitivity, control, flexibility, 
and family cohesion. At the present time, it is unclear 
which factor or combination of factors is responsi-
ble for the performance of low-performing cochlear 
implant users. For example, the degraded speech 
signal provided by an implant results in weakened 
phonological representations of speech in immediate 
memory. These underspecified verbal representations 
may reduce the capacity and efficiency of immediate 
verbal working memory, which will impact language 
processing, speech perception, and speech recognition 
in children with cochlear implants. Identification of 
these basic information processing factors is currently 
of great clinical significance. Research is just now 
beginning to investigate long-term language outcomes 
in profoundly deaf adolescents and young adults who 
received an implant at a young age, as well as language 
outcomes among the growing number of children 
receiving implants who present with comorbid condi-
tions such as cognitive and motor impairment.

In summary, a cochlear implant is the most suc-
cessful neural prosthesis to date, and the restoration 
of function provided by cochlear implantation has 
had a significant effect on the lives of profoundly 
deaf children who would not have had the ability to 
acquire spoken language and verbal processing skills. 
Language outcomes are best for children implanted 
before 18 months of age, prior to prolonged audi-
tory deprivation and prior to the sensitive period for 
normal development of the auditory brain. How-
ever, individual differences in the timing of language 
acquisition and competency across specific language 
domains exist even in children implanted early.

Jessica Beer
Indiana University School of Medicine

Kimberly Peters
Western Washington University

David B. Pisoni 
Indiana University School of Medicine
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Language	Development		
in	Deaf	Children
Children with limited hearing ability have histori-
cally faced significant challenges acquiring language. 
Because, until late in the 20th century, identification 
of limited hearing rarely occurred before age 2, even in 
the United States and other industrialized countries, 
language and language-related achievement levels 
remained at only about half that of typically devel-
oping hearing children. Academic, especially literacy, 
achievements remained similarly low. Reports of 
social isolation and increased risk for social-emotional 

problems were common. There is considerable indi-
vidual variation in abilities and achievements, how-
ever, and early identification and intervention efforts 
significantly increase developmental rates. Under opti-
mal conditions, greater proportions of deaf and hard-
of-hearing children demonstrate patterns of language 
development similar to that of hearing children.

The age at which limited hearing occurs strongly 
influences language development. Children born with 
significant limits to hearing typically face the great-
est language challenges. Hearing loss after language 
development is well underway can have lessened but 
still significant effects. Limits to hearing can be con-
ductive (due to external or middle ear differences), 
sensorineural (due to dysfunction in the inner ear or 
auditory nerve), central (located in auditory process-
ing areas of the brain), or mixed in nature. Medical 
or surgical interventions and use of amplification 
(hearing aids) often positively affect conductive hear-
ing loss, while cochlear implants increase access to 
auditory information for many (not all) children with 
severe sensorineural limits to hearing. Central pro-
cessing disorders are more resistant to interventions.

Individual children also vary greatly in the range 
of frequencies (pitches) they can hear and the range 
of sound energy (perceived as loudness) necessary to 
hear various sounds. Traditionally, the term deaf was 
used to describe children with hearing limited to the 
extent that they were unable to receive and under-
stand the sounds of spoken language. Hard of hear-
ing (in some countries, partially hearing or hearing 
impaired) implied that hearing was limited but par-
tial spoken language input could be received. With 
intervention, children with less limited hearing are 
generally more able to learn to produce and under-
stand spoken language than those with more severe 
hearing limits. 

However, many factors other than the exact pro-
file of hearing abilities affect language learning. 
Widespread implementation of early identification 
and early intervention, along with technologically 
enhanced auditory information and visually based 
language input, increase rates of development across 
the range of hearing levels. With intervention by 6 
months of age, average language development rates 
reach the low-average range for hearing children. 
Despite these advances, even children with minimal 
limits to hearing continue to face higher-than-average 
risks for language and related challenges. In addition, 
as many as 30 to 40 percent of deaf and hard-of-hearing 
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children have a cognitive, visual, sensory-integration, 
motor, social-emotional, or language or learning dis-
ability not stemming directly from limited hearing. 
Multiple disabilities greatly complicate and generally 
slow language development, as do less-than-optimal 
environmental factors that affect language develop-
ment in the general population.

Fortunately, given the diversity of characteristics 
and abilities among deaf and hard-of-hearing chil-
dren, a number of options exist for supporting their 
language development. Choices can be based on a 
child’s profile of abilities as well as family charac-
teristics and goals. Frequent assessment of progress 
should guide decisions about changes in intervention 
intensity or methods as the child develops. Language 
approaches vary in the degree to which they pro-
vide increased visual input or, alternatively, focus on 
enhancing and clarifying auditory input. Natural sign 
languages, using manual as well as facial expressions 
and body postures to express specific linguistic mean-
ings, have developed over time in communities of deaf 
persons around the world. These various languages 
(e.g., American Sign Language [ASL] and Swedish 
Sign Language) are signed without spoken accompa-
niment. Artificial or created sign systems (e.g., Signed 
English and Signed French) were intentionally devel-
oped in various countries to allow near-simultaneous 
production of speech and signs (some borrowed from 
indigenous natural sign languages and some created to 
represent morphosyntactic units of spoken language). 

The goal was to give deaf and hard-of-hearing chil-
dren multimodal language input matching the sur-
rounding hearing community’s spoken language. It 
was expected that sign systems would increase ease 
and rate of sign use by hearing parents and profes-
sionals. Another approach, cued speech, uses a set of 
specific hand shapes produced at prescribed locations 
around the upper body, combined with speechreading 
(lipreading), to represent phonetic structures of spo-
ken language visually. Cued speech systems have been 
created for many languages, with considerable research 
focused on children in French- and Spanish-speaking 
cultures. Traditional oral methods (auditory–oral) for 
language development focus attention on auditory 
information but, although eschewing signing, typically 
encourage attention to speechreading and gestures. A 
related method, auditory–verbal, encourages attention 
to auditory information while decreasing attention to 
visual aspects of communication. (This is similar to 
acoupedics or unisensory approaches.)

Despite passionate arguments about the merits of 
each approach, and in spite of successful use of each 
for language acquisition by select groups of children, 
there is no evidence base to support use of one method 
over another when the full population of children with 
limited hearing is considered. There has been a resur-
gence (at least in the United States), however, during 
the latter part of the 20th and the early 21st centuries 
in use of natural sign languages as their status as fully 
sophisticated and complex languages is recognized 
and because of the ease with which they are learned 
in early, naturally occurring communication environ-
ments. In addition, use of oral (nonsign) approaches 
has increased as more children have gained access 
to sounds of speech through technological advances 
such as digital, programmable hearing aids, cochlear 
implants, and other devices. (Hearing aids amplify or 
increase sound volume, or intensity, and can be pro-
grammed to match the profile of loudness needed 
by an individual child across the speech sound spec-
trum. However, hearing aid technology now available 
often cannot effectively compensate for many limits 
to hearing, especially if severe or sensorineural in ori-
gin. Unlike hearing aids, cochlear implants provide 
direct electrical stimulation of the auditory nerve and 
often provide information about otherwise inacces-
sible sounds. They cannot, however, compensate for 
all sensorineural-based hearing limits or for dysfunc-
tion at higher levels of auditory processing.)

Technologies for increasing access to sound can 
be used in combination with any of the language-
learning methods described above. Early use of these 
devices, as well as access to visually expressed lan-
guage when desired, is enabled by technologies for 
assessing hearing status during the earliest days and 
months of life. Appropriate modifications in language 
input provided to match infants’ hearing abilities and 
needs help to prevent initial, significant delays and 
increase language attainments. However, claims that 
one or another technology or language approach can 
essentially resolve effects of limited hearing on lan-
guage development are not yet merited.

Natural	Sign	Language	as	a	First	Language
Research with children whose parents (usually deaf 
themselves) are fluent users of a natural sign lan-
guage demonstrate that human language learning is 
not restricted to auditory–oral modalities. Natural 
sign language lexicons and syntax have developed 
over time in response to characteristics of visual 
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processing. This makes them readily learnable by chil-
dren primarily using vision to receive communicative 
messages, but because of differences between visual 
and auditory perceptual processes, results in syntactic 
structures and mechanisms that differ from those of 
spoken languages. For example, in natural sign lan-
guages, the locations of persons, objects, and actions 
are represented spatially; direction and trajectories of 
actions are integrated with production of signs. Spe-
cific nonmanual facial expressions and postures carry 
linguistic meaning and indicate grammatical distinc-
tions. (For example, a new topic can be indicated in 
ASL by direction of gaze and head tilt; a wh- question 
can be indicated by brow furrowing without specific 
signing of a wh- unit like where or what.) Such char-
acteristics result in relatively simultaneous or overlaid 
production of linguistic symbols when compared to 
the more linear processes of spoken languages.

Children exposed to sign language from birth 
show prelinguistic development of gestures (includ-
ing a manual form of babbling), coordination of 
eye gaze, and emerging understanding of their par-
ents’ language like hearing infants and toddlers. Deaf 
mothers who use sign language tend to be sensitive to 
their young children’s direction and duration of gaze 
and use multiple strategies (including longer waiting 
times during turn taking and production of tactile 
signals) to obtain visual attention. Deaf mothers, like 
hearing mothers, simplify the grammar and the con-
tent of language to infants and toddlers; they repeat 
single signs or short phrases at an especially high rate. 
Their signed communications tend to be strongly 
rhythmic and are often slowed and enlarged com-
pared with signing with older children or adults. Use 
of these motherese adaptations decreases as children’s 
attention and language advance.

Deaf children with deaf parents produce single-sign 
utterances at least as early as most hearing children 
produce their first words. Some evidence has been 
offered of even earlier production of signs. Studies 
using parent-report instruments indicate expressive 
vocabulary development of deaf infants and toddlers 
with deaf parents exceeds hearing children’s develop-
ment until about 18 months of age, when the two tra-
jectories merge. In general, the content of early lexi-
cons and the semantic relations expressed are highly 
similar for the two groups. It is not yet clear whether 
sign vocabulary development accelerates after about a 
50-sign level is reached, although there is some sup-
porting evidence. It also remains unclear whether 

development of sign vocabulary matches the rate of 
typical hearing children’s development during middle 
and later childhood. As is the case for spoken language, 
there appears to be an optimal window for develop-
ment of sign language as a first language. Deaf individ-
uals who do not develop a first language during their 
early years and do not learn sign language until mid-
childhood fail to develop full syntactic competence.

Although sign language syntax differs from that of 
spoken language, stages of development are similar 
when learned early in life. Single-sign utterances, with 
or without pointing and other gestures, are followed 
by two-sign, then multisign, utterances (by 2 or 3 years 
of age) that initially lack indications of tense, number, 
and mood. Pointing, eye gaze, and facial expressions 
go through transformation from about 2 to about 3 
or 3½ years, increasingly becoming like those used 
in mature sign language. After about 2 years of age, 
the use of special sign units called classifiers emerges. 
These are specific hand shapes and motions that rep-
resent object characteristics or activities in formalized 
ways. These as well as other grammatical indicators 
of spatial relationships, pronoun agreement, adver-
bial markers, and complex sentences (like those with 
if–then structures and embedded clauses) continue to 
develop throughout childhood and preadolescence.

Given the language achievements of children with 
signing deaf parents (only about 4 to 5 percent of 
deaf and hard-of-hearing children), some have pro-
posed that those with hearing parents should also 
be immersed in a first-language environment using 
natural sign language. This requires hearing parents 
to learn sign language as well as requiring the partici-
pation of fluent signers in early intervention and edu-
cation programs. Despite best efforts, children with 
hearing parents are usually exposed to sign language 
later and have fewer fluent models available than those 
with deaf parents. Not surprisingly, studies of such 
children indicate that their language achievements 
trail those of their peers with deaf parents. Because, in 
general, children with hearing parents have reduced 
exposure to fluent signers beyond their immediate 
family and intervention specialists, they are also less 
likely to overhear (or oversee) conversations occur-
ring around them. This reduces the total amount of 
information to which they are incidentally exposed 
and can negatively affect subsequent language and lit-
eracy accomplishments.

Intervention and education programs emphasiz-
ing sign language are usually actually bilingual in 
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approach. Because sign languages lack print repre-
sentations, specific instruction is also provided in the 
language to be used for literacy activities. In general, 
studies in sign-bilingual settings show that children 
with stronger natural sign language skills tend to also 
have stronger literacy skills. Studies from countries like 
Sweden, where development of Swedish Sign Language 
as a first language is considered to be a right for all deaf 
children, also indicate a positive association between 
sign and spoken language skills. It is not clear at this 
point what is responsible for the sign–speech–literacy 
associations, but warnings from the past that sign lan-
guage would actively interfere with learning spoken 
language are not supported by currently available data.

Learning	Signing	Systems
Reports of language acquisition with input from cre-
ated sign systems such as Signed English have gener-
ally been disappointing. Despite reports of near-typ-
ical ages for production of first signs by children who 
receive fairly limited signed input, vocabulary devel-
opment generally fails to keep pace with age there-
after. Understanding and expression of grammatical 
units also tends to be delayed, with special problems 
noted in morphosyntax. Hoped-for advances in aver-
age literacy attainments have not materialized. It has 
been argued that grammatical forms that developed 
in response to demands of auditory–oral modalities 
simply cannot readily be expressed in visual–manual 
form. However, disappointing outcomes can also be 
explained by the deficient language models commonly 
provided. With few exceptions, hearing adults typi-
cally fail to produce the specially created grammatical 
signs. Signed sentences are also often produced with-
out inclusion of much of the semantic information 
expressed in speech, leading some linguists to refer to 
signing systems as sign-supported speech.

Researchers disagree on effects of early learning 
of signs through signing systems on the acquisition 
of spoken language by children later using cochlear 
implants, with some researchers reporting positive 
and others negative effects. There is evidence, how-
ever, that enhanced audition from digital hearing 
aids or cochlear implants allows children to synthe-
size auditory and visual information when they are 
provided input from sign systems—using combined 
speech and sign to produce base words and speech to 
produce grammatical word endings. Similarly, chil-
dren with fluent cued speech and language input have 
been shown to develop rhyming and other skills that 

indicate synthesis across modes. Research to date has 
insufficiently evaluated effects of combined visual–
auditory input in the context of intervention advances.

Spoken	Language	as	a	First	language
Prelinguistic gesture use proceeds similarly for chil-
dren with and without limited hearing given respon-
sive communicative environments—despite delays 
reported in development of coordinated visual atten-
tion by some deaf or hard-of-hearing toddlers. Vocal-
izations of deaf, hard-of-hearing, and hearing chil-
dren are generally also similar during early infancy 
(at least to untrained listeners), although there is 
great individual variation. By about 8 months of age, 
however, most hearing children produce reduplicated 
babbling of syllables with consonant–vowel struc-
tures; production is usually significantly delayed for 
children who are deaf, although less often for those 
with milder hearing limits. These canonical babble 
productions require a combination of physical devel-
opment of the vocal tract plus significant levels of 
experience hearing speech sounds. Some research-
ers studying infants who get cochlear implants dur-
ing the first year or so of life indicate that canonical 
babbling can emerge within months of newly acces-
sible hearing experience. Canonical babbling is thus 
indicative of a toddler’s ability to receive and process 
auditory information after technological intervention 
and, given otherwise age-appropriate communication 
experiences, presages the onset of spoken words.

Even minimally limited hearing raises incidence 
of delays in development of mean length of spoken 
utterance, vocabulary, and especially, syntax. Under-
standing and expression of harder-to-hear morpho-
syntactic units are special problems. Difficulties in 
articulation skills and use of language to converse 
easily can further limit semantic, syntactic, and prag-
matic experiences. However, in the context of early 
intervention, supportive and involved parenting, 
effective early use of technology (hearing amplifica-
tion devices or cochlear implants when appropriate), 
and absence of complicating additional disabilities, 
about half of deaf and hard-of-hearing children have 
age-appropriate spoken vocabulary skills by age 4 or 5. 
Advances are also being found in semantic and prag-
matic abilities, although in most cases, focused inter-
vention and therapeutic efforts are required. Stronger 
understanding and production of spoken language 
are associated with stronger development of literacy 
and learning abilities.
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Conclusion
Research with children learning sign language as well as 
those using advanced technologies supporting spoken 
language has demonstrated the importance of learning 
through naturally occurring communication interac-
tions when the neurological system is maximally sensi-
tive to language input. A history of research suggests 
that this period lies within the first 2 years of life for 
deaf and hard-of-hearing children. Emerging research 
suggests that even earlier ages (the first 6 to 12 months 
of life) may be critical. Rates of language development 
seem relatively insensitive to modalities employed but 
highly sensitive to richness of language experiences 
and the ease with which linguistic information can be 
accessed. When access to a complete language system 
is provided (through vision, audition, or a combina-
tion) during the first months and years of life, language 
skills can develop at near age-expected rates and follow 
typical developmental patterns. In contrast, delays in 
access to fluent, perceptually accessible language expe-
riences in meaningful contexts cascade into increasing 
delays and different patterns of development. More 
focus is needed on facilitating and identifying patterns 
of development of the relatively large proportion of 
children with a disability not directly related to lim-
ited hearing but, in combination, presenting height-
ened challenges to language development. In addition, 
efforts are needed to extend the availability of advances 
in identification and intervention for limited hearing 
abilities during childhood to children in areas of the 
world where they are not currently available. 

Patricia E. Spencer
Gallaudet University
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Language	Development	
in	Preterm	Infants	and	
Children
The impact of preterm birth, occurring before 37 
weeks of gestational age (GA), on language develop-
ment has recently become a focus of interest. Thanks 
to medical advances, the survival rate in the preterm 
population has increased in the last 15 years, rais-
ing questions about the developmental sequelae of 
this event concerning 5 to 9 percent of newborns 
in Europe and Oceania and 10 to 12 percent in the 
American and African continents. Most of them are 
late preterm (60 percent, 34 to 36 weeks of GA); or 
moderately preterm (20 percent, 32 to 33 weeks of 
GA), fewer, but more severely affected, are very pre-
term (15 percent, 28 to 31 weeks of GA) or extremely 
preterm (5 percent, less than 28 weeks of GA). 

Preterm birth occurs in a critical period for the 
development of the neural system, shaped by multiple 
biological and environmental interacting constraints, 
and may impact cortical development, neuropsycho-
logical functions, and behavior. Although severe neu-
rological damages are not very frequent (10 to 20 per-
cent) and mainly associated with very and extremely 
low GAs, low severity impairments in one or more 
domains concern 20 percent to up to 50 percent of the 
preterm population, whose mean IQ scores are about 
10 points lower than those of full-term peers. In the 
first years of life, basic perceptual, motor, and cogni-
tive abilities may be affected by preterm birth, which, 
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in turn, may have cascading effects on the develop-
ment of more complex linguistic (including literacy), 
math, memory, attention and executive function 
abilities, with difficulties present from preschool to 
school age up to adolescence. 

Concerning preterm language development, sev-
eral findings are available on lexicon and grammar, 
while other components, such as phonology, phono-
logical awareness, discourse, and pragmatics, as well 
as the early precursors of language, have been less 
investigated. Preterm infants are usually examined at 
corrected age in their early years to take into account 
their neurobiological maturation, while at chronolog-
ical age in later years. A few studies have shown that 
preterm infants, with respect to full-term peers, are 
able to cope with some basic auditory discrimination 
tasks and discriminate the rhythm of the native from 
that of a non-native language. 

However, they appear delayed with respect to 
showing phonemic perceptual narrowing at the end 
of the first year, that is, with heightened discrimina-
tion of phonemes present in the ambient language, 
and lesser discrimination of non-native phonemes. 
In parallel, from the first to the second year, preterm 
infants’ vocal, babbling, and phonological produc-
tions appear less complex, their gestural development 
slower, and their gesture-word combinations less fre-
quent than those of full-terms. Concerning maternal 
communicative modalities, some studies revealed that 
mothers of preterm infants initiate linguistic turns 
and answer them more frequently compared to moth-
ers of full-terms; it has been discussed whether this 
strategy is useful to support communication and lan-
guage development of preterm infants, who are not 
very responsive or clear in their signals. 

Key	Research
Cross-sectional and longitudinal studies examining the 
development of lexicon and grammar in preterm chil-
dren present an articulated picture of neonatal imma-
turity, type of competence, and developmental age. 
Several studies, using the MacArthur-Bates Commu-
nicative Development Inventories and other measures, 
have shown that in the second and third year, extremely 
and very preterm infants have a smaller vocabulary 
size and a lower mean length of utterance (MLU) with 
respect to late preterm and full-term peers. N. Barre, in 
his meta-analysis, showed that receptive and expressive 
lexicon and grammar scores of extremely and very pre-
term children at preschool and school age, as measured 

using standardized tests, lay persistently between 0.38 
and 0.77 standard deviation (SD) below those of full-
term samples. I. Van Noort-van der Spek and col- I. Van Noort-van der Spek and col-
leagues in their meta-analysis revealed that simple 
language functions, such as receptive lexicon, catch up 
in the preterm population in adolescence, while more 
complex linguistic functions, such as semantic knowl-
edge, grammar, phonological working memory, and 
phonological awareness, are affected for a longer time 
with increasing differences from preschool age to ado-
lescence compared to full-term samples. 

A. Sansavini and colleagues showed that very pre-
term children exhibit a heightened and increasing risk 
for language impairment in the preschool years, with 
one in four at 2½ years and one in three at 3½ years 
being delayed. Lexical and grammar delays are more 
frequently associated with neurobiological and medi-
cal factors of risk, such as neurological damage and 
bronchopulmonary dysplasia, as well as male gender 
and environmental factors, such as low maternal level 
of education. Some longitudinal studies have shown 
that lexicon and grammar at 3 to 4 years of age are 
predicted by early linguistic competencies, that is, 
receptive and expressive lexicon in the second year 
and expressive lexicon and MLU in the third year. S. A. 
Rose and colleagues have found that lexical compre-
hension and verbal fluency at 3 years are predicted by 
memory and representational abilities in the first year, 
supporting a domain-general view of language and a 
cascade-effect mechanism from domain-general cog-
nitive processes to complex linguistic and cognitive 
abilities. Phonological working memory has also been 
found to be associated with grammatical abilities in 
several studies. 

Preterm children’s language development contin-
ues to be delayed at school age, with frequent learning 
difficulties, need for special education programs, and 
risk of grade repetition. Studies run in the last decade 
have shown that extremely preterm birth affects lit-
eracy from the first years of primary school up to 
adolescence, involving reading and writing processes. 
Delays in literacy have also been described among very 
preterm children, as revealed by C. S. H. Aarnoudse-
Moens and colleagues’ meta-analysis, with more 
severe difficulties in spelling (scores 0.76 SD below 
those of full-term peers) than in reading (0.48 SD 
below). Among moderately and late preterm children, 
these difficulties are less diffuse, with a partial recov-
ery in adolescence. The association of preterm birth 
with neurological damages, such as cerebral palsy, and 
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severe medical complications, such as bronchopul-
monary dysplasia, increases delays in literacy. 

As revealed by cross-sectional and longitudinal 
studies, preterm children’s linguistic abilities, such 
as lexicon, grammar, phonological awareness, and 
rapid automatized naming, are strictly associated to 
literacy, and, at the end of preschool age, predict the 
acquisition and consolidation of reading and writing 
processes in terms of accuracy and speed at school 
age. The effect of preterm birth on literacy appears 
also mediated by processing speed, short-term mem-
ory, visuospatial processing, executive functions, 
and working memory, confirming the cascade-effect 
mechanism at school age. 

Neuropsychological follow-up programs to moni-
tor development in preterm children from infancy 
to school age allow practitioners to identify delayed 
children early on. These programs support them and 
their families through timely focused psychological, 
speech, and educational interventions, which act as 
protective factors and may partly compensate for the 
effects of a preterm birth.

Alessandra Sansavini 
Annalisa Guarini

University of Bologna
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Language	Development		
in	Twins
The development of language in twin children is of 
interest to scholars of language development for two 
distinct reasons. First, twin children have consistently 
been reported to be a group at risk for language delay. 
They are, therefore, a group who raise specific con-
cern for parents, teachers, and clinicians. Understand-
ing the extent of language delay and the underlying 
cause is essential to direct prevention, early inter-
vention, and treatment of any language difficulties 
experienced by children who are twins. Second, the 
circumstance of twinning presents a unique opportu-
nity to understand the genetic, biological, and social 
mechanisms that underlie variation in early language 
development. Twins share their prenatal biological 
environment. As same-age siblings, twin children 
spend more time together in the foundational early 
years of life and share more historical and social envi-
ronment than nontwin siblings. Monozygotic (identi-
cal) twins also share identical genetics. Comparisons 
between twins and single-born children and between 
monozygotic and dizygotic twins and nontwin 
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siblings, therefore, are valuable research designs that 
inform the field of language development. This entry 
focuses on four key questions relating to the specific 
risk of language delay for twin children and the cur-
rent knowledge deriving from studies of twin children 
that contribute to our understanding of variation in 
rates of language development more broadly:

1. What is the extent of delayed language  
development in twin children?

2. What are the causes of delayed language 
development in twin children? 

3. What do studies of twin children reveal 
about variation in rates of language  
development?

4. What are the key implications for promo-
tion of positive language development and 
prevention, intervention, and treatment of 
language delay?

What	Is	the	Extent	of	Delayed	Language	
Development	in	Twin	Children?
Since E. J. Day’s first report in 1932, studies compar-
ing the language performance of twin and single-
born children have consistently reported twins to 
have poorer language, with much of these differences 
accounted for by male and monozygotic twins who 
are more likely to be delayed. Though the direction of 
difference has remained consistent across 80 years of 
research studies, the reported extent and significance 
of the gap in language development between twin and 
single-born children has varied. For example, stud-
ies employing measures of language development 
in the preschool years report differences of between 
3 months and 6 months, with larger delays reported 
among male-only samples of up to 8 months. Simi-
larly, studies utilizing verbal IQ scores as measures of 
comparison document poorer performance of twin 
children in the magnitude of three to six IQ points. 
There are two notable trends within this body of stud-
ies. The first trend is a historical cohort effect with 
studies conducted on more recent samples finding 
less difference than those of earlier studies. This trend 
may reflect advances in medical technologies and 
social interventions in which better detection of twin 
births, more effective obstetric and neonatal interven-
tions, and higher input of social intervention such as 
preschool education across time may have reduced 
the underlying cause(s) of language delay. The second 
trend is a reduction in the language gap between twin 

and single-born children with increasing age of the 
cohort studied. This may imply that twin children have 
a different developmental trajectory from single-born 
children with catch-up occurring in middle child-
hood. The most recent studies suggest that language 
delay among twin children is most prominent in early 
childhood but that the extent of the delay, for most 
children, is mild and reduces into middle childhood. 
Early childhood is, however, a foundational period of 
development, and there is a need to understand the 
effects of language delay at this time on other aspects 
of development and functioning. In particular, the 
impact of language delay on the transition to school, 
a major event that occurs in early childhood, has the 
potential to have cascading effects on social develop-
ment and scholastic achievement.

What	Are	The	Causes	of	Delayed	Language	
Development	in	Twin	Children?	
The study of twin children has played an important 
role in understanding the heritability of language dif-
ficulties, but being a twin does not of itself present 
a genetic risk for language delay. Twinning occurs 
across the diversity of the population, and there is, 
accordingly, not a reason to believe that twin children 
have raised genetic risks for language difficulties. The 
cause of language delay in twin children is almost cer-
tainly environmental and relates to both the biologi-
cal environment in the pre- and perinatal period and 
the social interactional environment in the early years 
of life. Twinning presents unique circumstances not 
experienced by single-born children and also raises 
risks for experiences that occur, albeit less frequently, 
among single-born children. 

Twin pregnancies are higher-risk pregnancies that 
confer a greater risk of adverse neurocognitive out-
come for the infant. Though most obstetric adver-
sity derives from the crowding of a womb designed 
for development of a single fetus, there is also one 
obstetric complexity unique to monozygotic twins: 
twin-to-twin transfusion syndrome (TTTS). In 
TTTS, placentae fuse and disrupt the development 
and well-being of both twin children. Twin children 
experiencing TTTS very often have raised rates of 
overt disability and associated language delay. Dis-
ability also occurs more frequently in twins as a result 
of higher rates of preterm birth. However, even in the 
absence of overt disability, there is the possibility of 
subtle neurological effects of obstetric adversity that 
might affect trajectories of language development. 



322 Language Development in Twins

There is consistent evidence for the association 
between obstetric adversity, reduced cognitive func-
tioning, and language delay and some studies sug-
gesting that such biological adversity explains delay 
in twins. However, in a study in which twin children 
with overt disabilities were explicitly excluded from 
analyses, the contribution of obstetric factors to 
explaining differences in the language between twin 
and single-born children was found to be negligible, 
suggesting that the obstetric effects may only apply 
to the subset of twin children who experience overt 
neurological damage. 

In the early years of life, normal patterns of social 
interaction and models of language are interrupted 
by the presence of a same-age child. In interactions 
with parents, twin children experience higher lev-
els of triadic interactions and lower levels of dyadic 
interactions compared with single-born children, 
including those with a close-age sibling. Raised rates 
of depression in mothers of twins might also reduce 
the responsiveness of mothers. Twin children also 
spend more time with a child of the same age, and 
this may reduce the maturity and quality of the lan-
guage model to which the child is exposed. There is a 
considerable interest in the possibility that a unique 
inter-twin language might develop as a result of the 
close relationship between twin children with con-
sequent disruption to normal language trajectories. 
Existing evidence suggests that twin language is 
neither a phenomenon unique to twins nor a likely 
explanation for language delay in most twin chil-
dren. Unique language between twin children is rare.  
K. Thorpe and colleagues report diminishing parent-
reported prevalence of 11.8 percent at 20 months, 
6.3 percent at 3 years, and 1 percent at 6 years. More 
common than an exclusive language is a shared com-
munication style. Twin children, by virtue of their 
shared environment and history, understand each 
other’s immature speech better than others.

In summary the causes of language delay in twin 
children are both biological and social. Increased inci-
dence of obstetric complication in twin pregnancies 
serves to raise the risk of impairment to neurocog-
nitive functioning and has attendant effects on lan-
guage. These effects are more evident among twins 
for whom rates of overt disability are higher. In the 
absence of overt disability, the evidence suggests that 
the quality of language models and linguistic interac-
tion experienced by a twin child is the key determi-
nant of language development trajectories.

What	Do	Studies	of	Twin	Children	Reveal	About	
Variation	in	Rates	of	Language	Development?
The circumstance of twinning provides a natural 
experimental condition that allows researchers to 
disentangle, within the limits of measurement, the 
contribution of genetics, biological environment, and 
social environment on human language abilities and 
disabilities. A large body of behavioral genetic studies 
has focused on language development and associated 
behaviors such as reading. These studies indicate that 
there is a substantial heritability for language disorder, 
with approximately 50 percent of cases attributable 
to genetic predisposition and a lower but important 
genetic contribution of 20 to 30 percent for language 
development. That is, in families in which members 
have language disorders, there is a greater risk for 
language disorder and delay in offspring. The under-
standing of genetic risk is important and directs atten-
tion to the need for increased vigilance for children 
in families with a history of language disorder so that 
diagnoses and early interventions can be expedited. 
Perhaps the most important outcome emerging from 
these studies, however, is their identification of the 
critical role of social environment, and particularly 
early family environment, on the developing language 
of young children. An analysis of the Twins Educa-
tion and Development Study (TEDS) data identified 
shared environment as the single most important 
factor in explaining variation in language abilities. 
In terms of optimizing language development not 
only for twin children but also the population more 
broadly, these studies highlight the significance of the 
quality of the language environment experienced.

What	Are	the	Key	Implications	for	Promotion	of	
Positive	Language	Development	and	Prevention,	
Intervention,	and	Treatment	of	Language	Delay?
The clear and consistent message deriving from both 
specific studies of twin children’s language develop-
ment, and those using twin designs to understand 
language development in the general population, 
is that the quality of the language environment to 
which a child is exposed makes the greatest differ-
ence. The quality of language environment is impor-
tant for all children whether or not they have lan-
guage difficulties. Quality of language environment 
is therefore central to prevention, early intervention, 
and treatment.

Twin children, particularly those who are male, 
monozygotic, or have experienced a high level of 
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adversity in the obstetric and perinatal period, con-
stitute a known risk group for language delay. For a 
minority, the underlying cause will be neurocognitive 
and the extent of delay more serious, but for most, 
the evidence suggests delay will be mild and transi-
tory. The key direction for prevention and early inter-
vention of delay, therefore, is in supporting parents 
to provide optimal language environments and also 
providing opportunities to have positive language 
experiences outside the home in high-quality early 
education and care programs. 

There is consistent international evidence that chil-
dren in such programs have more advanced cognitive 
and language development and that such programs 
are particularly effective in compensating for families 
living with adversities such as depression or higher 
child-care loads. In the case of families with twin chil-
dren, there are unique stressors associated with care 
load that warrant the inputs of additional supports 
both within and outside the family. 

Karen Thorpe
Queensland University of Technology
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Language	for	Reading
Strong early language skills support not only later 
language development, but also emergent literacy and 
later reading readiness in kindergarten. The data here 
are abundant and clear. Unfortunately, children from 
disadvantaged backgrounds often lag behind middle-
class students when it comes to language growth, and 
thus start school at a major disadvantage relative to 
their higher-income peers. By third grade, many of 
these children have such poor literacy skills that their 
chances of receiving a high school diploma are neg-
ligable. By building up the language capabilities of 
these children when they are in preschool and early 
elementary school, educators can change the course 
of that trajectory. This entry describes how we can use 
current scientific data to best support strong language 
competencies for all children. First, the problem of 
the language gap is presented. Second, this entry pro-
poses six evidence-based principles of language learn-
ing that can be used at home and in school to support 
skills that build strong speakers, listeners, and readers.

A	Persistent	Problem:	The	Language	Gap
In 1995, a now classic study by B. Hart and T. Ris-
ley became headline news. They examined language 
input and output in three groups—children from 
welfare, working-class, and professional families—
and found that children in the welfare group heard, 
on average, 616 words per hour, compared to 1,251 in 
the working-class group, and 2,153 in the professional 
group. Children’s vocabularies at 3 years of age sig-
nificantly predicted language skills at 9 and 10 years 
of age. These findings are consistent with results of 
many recent studies that show both direct and indi-
rect relations between oral language development and 
reading abilities. For instance, children’s vocabulary at 
2 years of age predicts their reading abilities up until 
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fifth grade. Oral language is also indirectly related 
to reading abilities through code-related skills such 
as identifying the /b/ sound in the word bat or pho-
nological awareness—knowing that bat rhymes with 
cat. Importantly, having a large vocabulary also helps 
children develop strong reading comprehension abili-
ties at higher grade levels (Grade 4 and above), when 
reading becomes a major resource for acquiring new 
information and understanding new concepts.

Six	Principles	for	Language	Learning	and		
Pre-Literacy:	Moving	to	the	Classroom
Based on what we know about language acquisition 
and early language development, this entry presents 
six principles for language learning and pre-literacy 
that provide evidence-based strategies for supporting 
reading development.

Principle 1: Children learn the words that they hear 
most: Hart and Risley showed that one consistent 
difference between parents who are more or less 
educated is their use of language at home. This dif-
ference seems to have long-range consequences for 
later language development and processing speed for 
reading and for brain development. Several studies 
conducted by the National Institute of Child Health 
and Human Development (NICHD) Early Childcare 
Research Network have shown that the relationship 
between adult input and child output at school mir-
rors the findings from the home setting. This is also 
true for language heard in school. A study conducted 
by J. Huttenlocher and colleagues found that the com-
plexity and variety of teachers’ language related to 
the children’s language levels above and beyond the 
effects of parent language or socioeconomic status. 
One systematic way of providing repeated exposure 
to new words is though shared book reading. Hearing 
repeated readings of the same books that explain and 
use new vocabulary is especially valuable to children’s 
word knowledge. 

Principle 2: Children learn words for things and events 
that interest them: Younger children readily assume 
that words map onto objects that are interesting. 
Parents who capitalize on their children’s focus of 
interest by talking about what children are attending 
to have larger vocabularies. Children whose parents 
work against this principle have smaller vocabularies. 
This type of joint attention, in which adults follow 
children’s lead, appears to persist as one of the leading 

sources for language development through the pre-
school years. The joint attention that happens during 
book reading may be especially potent. A recent study 
by B. Farrant and S. Zubrick with more than 2,000 
Australian children showed that joint attention and 
the amount of mother-reported book reading at 9 
months of age predicted young children’s vocabulary 
when they were 34 months of age.

When children are interested and actively engaged 
in joint activities, they also learn language from their 
peers. In fact, the amount of time 3-year-olds spend 
talking with peers while pretending has been found to 
be positively associated with the size of their vocabu-
laries at kindergarten entry. Furthermore, 4-year-olds’ 
play, in the form of making shopping lists and read-
ing storybooks to stuffed animals, predicts both lan-
guage and reading readiness after the children entered 
kindergarten. These findings are supported by a study 
from the HighScope Educational Research Foun-
dation that investigated the preschool features that 
promote language and cognitive development across 
10 countries. Small-group free play at age 4 was posi-
tively associated with multiple measures of oral lan-
guage ability at age 7. In other words, when children 
are following their interests, they are likely to learn 
more new vocabulary items.

Principle 3: Interactive and responsive rather than pas-
sive contexts favor language learning: Language learning 
is optimal when children actively engage in sensitive 
and responsive conversations with those around them. 
Research documents the positive effect of sensitive and 
responsive parenting not only on children’s social-emo-
tional development but also on their language compe-
tence. Interactions with caregivers in which adults and 
children take turns while sharing joint attention pro-
vide children with necessary support in developing lan-
guage competence. For example, when a child points to 
apples in the grocery store and says, “Apples,” his or her 
mother can elaborate by saying, “Yes, remember when 
we had apples for breakfast? You really like apples, don’t 
you?” The mother responds to child’s request for atten-
tion by joining in, elaborating on the child’s utterance, 
and extending the conversation.

This link has also been observed in center care. The 
Home-School Study of Language and Literacy exam-
ined teacher–child conversations when children were 
4 years of age; after controlling for children’s language 
ability at age 3 (i.e., the mean length of their utter-
ances), parental income, education, and home support 
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for literacy (e.g., reading to children), the study found 
that higher-quality conversations and richer vocabu-
lary exposure during free play and group book read-
ing were predictive of children’s productive language, 
language comprehension, and print skills at the end of 
kindergarten and fourth grade.

Principle 4: Children learn words best in meaningful 
contexts: Sparking interest is often a first step in mean-
ing making. Cognitive psychology has shown that peo-
ple learn best when information is presented in inte-
grated contexts rather than as a set of isolated facts. 
For example, words connected in a grocery list are bet-
ter remembered than the same list of words presented 
without context. Children also learn better when the 
books they are listening to are linked up to their own 
lives. Noting that the dog in the book looks like the one 
at the firehouse down the street helps children remem-
ber that the word speckled describes the Dalmatian.

One of the meaningful contexts in which chil-
dren learn words is play. Studies using thematic play 
as a backdrop for language and literacy develop-
ment repeatedly find that meaningful connections 
between words develop in conversations and support 
children’s learning of novel words. Thus, children 
who learn connected vocabulary for the category of 
building (words such as hammer and tool belt) better 
remember and use these words than do children who 
do not learn in this integrative manner.

M. Han and colleagues demonstrated that low-
income children who are given an opportunity to use 
vocabulary in a playful context learn it better than 
those who learn only under explicit instruction. For 
instance, preschoolers who learned new words in 
20-minute book-reading sessions that were followed 
by 10-minute play sessions made significant gains in 
receptive and expressive vocabulary compared to chil-
dren who received 30 minutes of explicit instruction 
about novel words in the context of book reading.

Principle 5: Children need to hear diverse examples 
of words and language structures: The amount and 
diversity of verbal stimulation children encounter 
foster earlier and richer language outcomes in terms 
of both vocabulary and grammar. For instance, E. 
Hoff and C. Tian found that mothers’ vocabulary 
richness and length of utterances significantly pre-
dicted their children’s vocabulary knowledge above 
and beyond the effects of socioeconomic status on 
word learning. However, building vocabulary is not 

a matter of learning words in isolation but of hearing 
words within sentences. Huttenlocher and colleagues 
found that exposure to complex language, such as 
multipart sentences like I am looking for my shoe on 
the floor, but it is in the dog’s mouth throughout the 
school year can improve 4-year-olds’ comprehension 
of syntax. The relationship between adult input and 
child output not only appears in home environments 
but also in studies of child care and early schooling. In 
fact, children learn not only language that is directed 
to them but even profit from overheard speech.  
W. E. Nagy, P. A. Herman, and R. C. Anderson dem-
onstrated that, as children age, they continue to learn 
new words through incidental exposure to adult talk 
and by reading new materials on their own. Perhaps 
this is why Z. Weizman and C. Snow reported that 
children exposed to low-frequency words at age 5 had 
stronger vocabularies in the second grade.

Principle 6: Vocabulary learning and grammatical 
development are reciprocal processes: Children learn 
vocabulary through grammar and grammar through 
vocabulary in two ways: By noting the linguistic con-
text in which words appear, children gain informa-
tion about a word’s part of speech; and once a word is 
known, by observing the diverse linguistic contexts in 
which words are used, children detect nuances in word 
meaning. Research with monolingual and bilingual 
children demonstrates that vocabulary and grammar 
are not divorced; they feed one another. Both vocabu-
lary and grammar are foundational for early language 
growth and early literacy. J. Dixon and V. Marchman 
have provided evidence for vocabulary and grammar 
developing in synchrony with 1,461 children between 
16 and 30 months of age. Lending more support to this 
argument, this relation has been observed with bilin-
gual children as well. In a study of 2- to 4-year-olds, M. 
Normand and colleagues found that grammatical cat-
egories predicted children’s complexity of multiword 
utterances better than their lexical knowledge. Thus, 
both the lexical and grammatical richness of language 
children hear in conversation with teachers and peers, 
and also during book readings, can help children to 
develop vocabulary and grammar simultaneously.

Conclusion
It has long been known that robust language skills are 
one of the unique and crucial precursors to strong 
school readiness. Reading readiness, in particular, 
is dependent on language abilities such as a sizeable 
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vocabulary, mastery of grammatical knowledge, and 
narrative abilities. Children from impoverished back-
grounds are at risk for lower language skills. The 
reduction in the input that passes the ears of these 
children can have enormous consequences. 

Parents and teachers have the opportunity to 
change the course of language learning for children. 
Because reading is parasitic on language, focusing on 
the principles of language learning presented in this 
entry can help improve reading outcomes for children 
from all socioeconomic backgrounds.

Hande Ilgaz
Temple University

Brenna Hassinger-Das
University of Delaware

Kathy Hirsh-Pasek
Temple University

Roberta Michnick Golinkoff
University of Delaware
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Language	Learning		
in	Avians
No nonhuman has learned a code identical to what is 
considered human language, but several have acquired 
forms of interspecies communication. Apes, the clos-
est phylogenetic relatives of humans, incapable of any 
considerable vocal learning, were taught to use ele-
ments of American Sign Language to manipulate plas-
tic chips or to read and press computer-based sym-
bols to communicate with humans; dolphins, further 
removed from humans genetically but large-brained 
mammals that do engage in vocal learning, interpret 
human signs and whistles and use their rostrum to 
signal via computer-based symbols; dogs, nonvocal 
learners but domesticated by humans, comprehend 
numerous human speech sounds and whistles. How-
ever, only birds—predominantly Grey parrots—with 
brains the size of a shelled walnut and whose last com-
mon ancestor with humans was about 300 million 
years ago (i.e., a dinosaur)—can learn both to produce 
and comprehend human speech sounds to acquire ele-
ments of referential symbolic communication.

The	Case	of	Alex
The most prolific of these Grey parrots, Alex, learned 
to vocally label more than 50 different objects, seven 
colors, five shapes, quantities to eight, three categories 
(color, shape, and material), and used no, come here, 
wanna go X, and want Y (X and Y being appropriate 
location or item labels) intentionally. He combined 
labels to identify, request, comment on, or refuse 
more than 150 items and to alter his environment. 
Requests, initially acquired via training, were sponta-
neously extended to newly acquired labels and were 
intentional: If trainers responded incorrectly (e.g., 
substituting alternative items), Alex generally said, 
“No”, often coupling refusal with repetition of his 
initial request. He understood concepts of category, 
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answering multiple questions about attributes of a 
single exemplar. He responded to queries about rela-
tive size, quantity, presence or absence of similarity 
or difference in attributes, and showed label com-
prehension and a zero-like concept; interestingly, 
his numerical competence (e.g., quantifying subsets 
within heterogeneous collections, inferring cardinal-
ity of novel number labels from their ordinality) was 
more similar to that of children than any nonhuman 
to date. He could be queried about optical illusions in 
ways directly comparable to humans. Younger birds 
are acquiring similar competence.

Notably, Alex not only acquired labels for concrete 
objects and abstract concepts but also demonstrated 
some language-like abilities, demonstrating under-
standing of minimal pairs, label combinations, and 
phonological awareness. He recognized the difference 
between the meaning of labels such as cork and corn 
or tea and pea. He inserted novel labels into existent 
sentence frames and combined modifiers (color and 
shape labels) with object labels to identify novel enti-
ties. He understood that his labels comprised individ-
ual sounds that could be recombined in novel ways to 
refer to novel items, constructing labels such as banerry 
(banana+cherry) for apple and developing spool from 
s+wool without training. He engaged in solitary 
sound play, privately practicing many such combina-
tions before using them in his trainers’ presence. He 
also transferred labels across contexts (e.g., using none, 
trained with respect to an absence of similarity or dif-
ference to spontaneously refer to the absence of a spe-
cific numerical set in a collection of items).

Because human speech was, essentially, a second-
language code for Alex (alternatively, he could be 
viewed as echolalic), he had to be taught to communi-
cate with humans. He learned via an interactive mod-
eling technique, based primarily on work by Dietmar 
Todt, involving three-way social interactions among 
two humans and the parrot to demonstrate targeted 
vocal behaviors. The parrot watches and listens as one 
trainer presents objects and queries the other trainer 
about them (e.g., “What’s here?” and “What color?”), 
giving praise and transferring the named object to the 
human partner to reward correct answers. Incorrect 
responses are punished by scolding and temporarily 
removing items from sight. Thus, the second human is 
both a model for the parrot’s responses and its rival for 
the trainer’s attention and illustrates consequences of 
errors: The model must try again or talk more clearly if 
the response was deliberately incorrect or garbled; that 

is, the model is subject to corrective feedback, which the 
bird observes. The parrot is included in interactions, 
being queried and rewarded for successive approxima-
tions to correct responses; training is adjusted to its 
performance level. If a bird is inattentive or accuracy 
regresses, trainers threaten to leave. Unlike some other 
modeling procedures, this technique exchanges roles 
of trainer and model. The parrot thus sees how ques-
tioner and respondent interchange roles and how their 
interactions result in environmental change. 

Role reversal also counteracts an earlier method-
ological problem: Birds whose trainers always main-
tained their respective roles responded only to the 
human questioner. Here, birds respond to, interact 
with, and learn from any human. Finally, to ensure 
the closest possible link between labels or concepts to 
be learned and their appropriate referent, trainers use 
only intrinsic reinforcers: The reward for uttering “X” 
is X, the object to which the label or concept refers. 
Earlier unsuccessful attempts to teach birds to com-
municate with humans used extrinsic rewards: a sin-
gle food neither relating to, nor varying with, the label 
or concept being taught. This procedure delayed label 
and concept acquisition by confounding the label of 
the targeted exemplar or concept with that of the food. 
Initial use of labels as requests also demonstrated that 
uttering labels has functionality; later, birds learned 
I want X to separate requesting and labeling which 
enabled them to request preferred rewards while 
learning labels for items of little interest.

Conclusion
Teaching parrots symbolic representation and ele-
ments of a human communication system not only 
demonstrated how much of that system they could 
acquire but also enabled use of that system to exam-
ine their cognitive processing: Interspecies communi-
cation thus allows humans to query nonhumans in 
ways very similar to those used with young children to 
obtain direct comparisons of their abilities and to use 
them as models for acquisition.

Irene M. Pepperberg
Harvard University
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Language	Learning	in	
Cetaceans
Although the title of this entry is “Language Learn-
ing in Cetaceans,” it is important to note that there 
is no compelling evidence that any cetaceans possess 
humanlike language, and so the term language in the 
title refers to the communication systems that ceta-
ceans employ without implying any close correspon-
dence to human language. Although Lou Herman 
and his colleagues have demonstrated that dolphins 
can be trained to comprehend rudimentary “word” 
order, there is no evidence that dolphins employ 
even the simplest syntax in their natural communi-
cation systems. Similarly, captive dolphins can learn 
to apprehend the referential nature of certain sym-
bols (those that refer to objects and behaviors), but 
the referential nature of naturally occurring dolphin 
signals is unknown. Nonetheless, cetaceans engage 
in sufficiently interesting communicative behavior 
to warrant an entry in this encyclopedia. Bottlenose 
dolphins use signature whistles that convey infor-
mation about individual identities, killer whale and 
sperm whale communicative repertoires reflect local 
dialects, and male humpback whales in a given geo-
graphic area sing songs that are remarkably similar 
to one another at a given time yet change to another 
shared song over relatively short periods of time.

Dolphin	Sounds
The best-known cetacean is the bottlenose dolphin, 
which has a variety of sounds in its communica-
tive repertoire. These include barks, clicks, chirps, 
squawks, yelps, and whistles. Of these, whistles have 

been the most studied, and the idea that dolphins 
possess individual signature whistles that function 
as identifiers of some sort has considerable albeit not 
universal support among cetacean scientists. Signa-
ture whistles are believed to function as contact or 
cohesion calls and may also be used when dolphins 
“greet” each other. Peter Tyack noted that the sound 
production system in dolphins may not yield suf-
ficient reliable voice cues for individual recognition 
and so suggested that dolphins require a stable signa-
ture whistle as an acoustic cue for individual recogni-
tion. But how do dolphins acquire such whistles?

Vocal	Learning	in	Dolphins
Vincent Janik and Peter Slater reviewed the com-
parative literature on vocal learning in mammals and 
noted that learning when and how to use vocal sig-
nals (contextual learning) is relatively common but 
that the capacity to modify vocal signals based on 
experience (vocal learning) is rare among nonhu-
man mammals. Research demonstrating that adult 
dolphins are capable of vocal learning fueled interest 
in dolphin calf vocal development and the possibility 
that vocal learning played a role in the emergence of 
calves’ acoustic communicative capacity. Subsequent 
research demonstrated that dolphin calves spontane-
ously mimic the sounds produced by their mothers 
and other dolphins and can also spontaneously imi-
tate a wide variety of sounds including computer-
generated whistles, a trainer’s whistle, and whistles 
produced by another species of dolphin. 

The ability to imitate artificial sounds as well 
as those produced by conspecifics is maintained 
throughout the dolphin life span. In fact, Dorothee 
Kremers and her colleagues found that adult dol-
phins mimicked the songs of humpback whales that 
had been played into the tank in which the dolphins 
lived. The fact that dolphins imitate the sounds of 
other dolphins, the sounds of other species, and other 
sounds in their environment suggest that vocal learn-
ing is an important aspect of dolphin life.

Given their capacity for vocal learning, it seems 
likely that the acquisition of an acoustic repertoire by 
dolphin calves is influenced by the sounds other dol-
phins produce, particularly those produced by moth-
ers. Inês Mello and Mats Almundin reported that 
female dolphins increase their rate of whistle produc-
tion throughout pregnancy, with the most dramatic 
increase occurring in the days preceding birth, sug-
gesting that mothers are providing acoustic models 
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for the developing fetus, perhaps as a means to facili-
tate a calf ’s recognition of the mother’s whistles. A 
number of studies have revealed that calves produce 
whistles and burst pulse sounds in the first hours of 
life and that whistle exchanges between mothers and 
calves are commonplace. 

Tadamichi Morisaka, Masanori Shinohara, and 
Michihiro Taki found that the whistles produced by 
calves change dramatically during the first days of 
life. Early whistles are typically tremulous and some-
what flat because they have relatively little frequency 
modulation. The frequency range and the maximum 
frequency of early whistles are lower than those of 
whistles that will appear later in the calf ’s life. Early 
whistles are also relatively short, but whistle dura-
tion increases during the first year of a calf ’s life. All 
in all, early whistles are less complex than are later 
whistles. Stan Kuczaj and Radhika Makecha suggested 
that dolphin calves, like human children and parrots, 
may engage in forms of sound play that facilitate the 
acquisition of more mature forms of whistles during 
the first years of life.

Factors	That	Influence	Vocal	Learning	in	Dolphins
In their review of the ontogeny of whistle develop-
ment in calves, Peter Tyack and Laela Sayigh con-
cluded that dolphin calves possess a variable whistle 
repertoire during the first months of life but typically 
develop a stereotyped signature whistle during the 
first 12 to 18 months of life. They also noted that there 
is considerable variability in the age at which signa-
ture whistles first appear. Some calves produce signa-
ture whistles in the first weeks of life, while others fail 
to do so until well after their first birthday. Although 
calves’ signature whistles tend to match other whistles 
they hear, they are most likely to development signa-
ture whistles that are different from their mothers’ 
whistles, depending on the nature of the relation-
ship between the calf and the mother. Calves with 
strong bonds to their mothers may acquire signature 
whistles more quickly than other calves. They may 
also be more likely to acquire a signature whistle that 
resembles their mother’s whistle than would calves 
with less secure attachments. However, the acous-
tic environment also plays an important role. Calves 
that are exposed to fewer whistle types are more likely 
to acquire a signature whistle like the mother’s than 
are calves that hear more whistle types. Calves with 
richer acoustic environments have a greater tendency 
to develop signature whistles that differ from their 

mother’s whistles. There is a general increase in the 
number of nonsignature whistles in a calf ’s acoustic 
repertoire with increasing age, but calves exposed to 
more varied acoustic environments seem to develop 
more varied whistle repertoires. 

As noted, it is possible that calves play with sounds 
and perhaps even use sound play to practice whistles 
and other sounds they are in the process of learning. A 
more varied acoustic environment may provide calves 
with more raw material with which to play and prac-
tice, the end result being a more complex whistle rep-
ertoire. It would be interesting to know more about 
the interaction between the acoustic environment 
and dolphin personality in the shaping of a dolphin’s 
whistle repertoire. Are restrictive and overly protective 
dolphin mothers more likely to produce calves that 
model the mother’s signature whistle? Are shy dol-
phin calves less likely than bold calves to imitate the 
sounds they hear? Do shy calves avoid areas in which 
lots of sounds are being produced? If such differences 
exist, do they persist throughout the life span? How 
does the interaction between maternal style and calf 
personality influence the calf ’s acquisition of a signa-
ture whistle and its overall acoustic repertoire?

Selective	Vocal	Learning
Even the boldest dolphin calves do not automatically 
and mindlessly mimic every sound that they hear. Dol-
phin calves engage in selective vocal learning, and the 
sounds they choose to learn are influenced by a vari-
ety of environmental, personality, and social factors. 
Deborah Fripp and her colleagues studied the ontog-
eny of signature whistles in wild dolphins and discov-
ered that the overwhelming majority of the dolphin 
calves acquired signature whistles that were similar to 
those of other dolphins in their community, with an 
average of six other dolphins having signature whis-
tles similar to those of a given calf. However, these six 
dolphins tended to be ones with which the calves had 
little interaction, suggesting that, although calves learn 
signature whistles by imitating the acoustic features of 
other dolphins’ whistles, they selectively choose which 
whistles to imitate. Calves seem to choose to model 
their signature whistles from those produced by indi-
viduals with whom they rarely associate, perhaps as a 
means to distinguish their whistles from those animals 
with which they regularly interact. If this is the case, 
then a calf must somehow represent and remember a 
number of individuals, their whistles, and the degree 
to which these individuals interact with the calf and its 



330 Language Learning in Cetaceans

mother. In addition, the calf must recognize the need 
for its own relatively distinct whistle.

It is also possible that calves model their own whis-
tles from those of more distant community members 
because these whistles are more novel than those that 
a calf hears from more familiar dolphins. Stan Kuczaj 
and Rachel Walker reported that at least some dol-
phin calves seek novelty in their play behaviors, and 
it is possible that they also find novel sounds more 
interesting than familiar ones. Such a preference has 
been found in other cetaceans. Michael Noad and his 
colleagues found that adult male humpback whales 
exposed to a novel song quickly replaced their exist-
ing song with the new song.

Even if calves are more interested in novel whis-
tles than familiar ones, such a preference may have 
evolved to ensure that signature whistles do not over-
lap too much within a population. Although the find-
ings concerning dolphin calf whistle development are 
consistent with the idea that signature whistles con-
vey information about individual identities, they also 
suggest that dolphin signature whistles may not be 
sufficiently distinct for each dolphin to have its own 
truly unique whistle. This in turn implies that there 
are constraints on the number of possible signature 
whistles, and discovering these constraints would help 
us to better understand the factors that influence a 
calf ’s choice about its signature whistle.

Additional evidence for selective vocal learning 
comes from killer whales, the largest dolphin species. 
Killer whales have vocal dialects, group-specific call 
repertoires that are acoustically distinct from the rep-
ertoires of other groups. Killer whale calves are exposed 
to the calls of other killer whales as well as those in their 
group’s dialect, but calves appear to selectively attend 
to and learn the calls of their local group. Although it 
is difficult to ascertain the members of a group that 
produce calls that are likely to be incorporated into 
a calf ’s repertoire, research with captive animals sug-
gests that the mother plays an important role. Ann 
Bowles, Glenn Young, and Ed Asper recorded a female 
killer whale calf ’s vocal calls during the first year of life 
and found that the models produced by the mother 
were much more likely to be acquired by the calf than 
were calls produced by another female, even when the 
calls by the other female were produced more often 
than those of the mother. Despite the difference in fre-
quency, the calf selectively attended to and reproduced 
its mother’s calls. Although these findings suggest that 
killer whale mother calls are most likely to be learned 

by calves, the extent to which wild killer whale mothers 
contribute to the vocal repertoire of their calves has yet 
to be determined.

As Stan Kuczaj, Deirdre Yeater, and Lauren High-
fill noted, the selective learning of calls by killer whale 
calves does not reflect a universal tendency among 
killer whales to avoid the use of calls produced by 
other groups of killer whales. Adult killer whales can 
and do match calls during vocal exchanges between 
individual members of distinct matrilineal groups. 
The selective vocal learning by killer whale calves 
appears to reflect a predisposition to attend to the 
calls of members of a calf ’s family group rather than a 
general tendency of killer whales to ignore the sounds 
produced by members of other groups. Although the 
killer whale calf predisposition seems different from 
that of bottlenose dolphin calves reported above, 
what is known about killer whale calf vocal develop-
ment concerns the acquisition of a group repertoire, 
while most of what is known about bottlenose dol-
phin acoustic development concerns signature whis-
tles, which function as individual identifiers. Dolphin 
calves also acquire a larger acoustic repertoire, but 
little is known about this process.

Vocal	Matching	in	Dolphins
Cetaceans that attempt to reproduce the sounds pro-
duced by another are engaging in vocal matching, and 
Kendra Sewall has rightfully emphasized the signifi-
cance of vocal matching for social animals. Dolphins 
are highly social animals and, like other social species 
capable of vocal learning, engage in vocal matching. 
Wild dolphins sometimes respond to another’s whis-
tle by attempting to reproduce the original whistle, 
perhaps as a means to acknowledge the dolphin that 
produced the original whistle. Male dolphins that 
form long-lasting associations maintain their individ-
ual signature whistles but also slowly converge on a 
shared whistle. As a result, they may have one contact 
call that signals individual identity and another that 
denotes group membership. The individual signature 
whistle is used when communicating with known 
dolphins, whereas the group call is used when unfa-
miliar dolphins are in the vicinity. Similarly, the vocal 
repertoires of killer whale clan members share many 
similarities, but the call repertoires of pod members 
are more similar than those of clan members (a clan 
consists of groups of pods), most likely to help indi-
viduals within a pod signal pod membership as well as 
indicate membership within a clan.
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In addition to providing information about group 
and species identity, vocal matching may play an 
important role in a variety of social contexts. Acous-
tic signals are more easily detected if the receiver also 
produces the signals, a form of selective sensitivity. As 
a result, matched calls facilitate the ability to attract 
another’s attention, make it easier to maintain con-
tact once one has been noticed, and may also enhance 
cooperative behaviors. The effort an individual extends 
for vocal matching may reflect the strength of the 
bond between the two individuals involved. Mothers 
provide important information about acoustic calls to 
cetacean calves, and it is possible that the mother–calf 
bond sets the stage for all subsequent vocal learning 
and vocal matching in these species.

Stan A. Kuczaj II
University of Southern Mississippi
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Language	Learning	in	Dogs
Most pet dogs know a few words, but recently, the 
astonishing communicative skills of domestic dogs 
(Canis familiaris) have been discovered: Some dogs 
know a great number of words and differentiate 
objects by label in apparently humanlike ways. How-
ever, one must be careful not to overestimate the 
skills of man’s best friend. At best, canine skills are 
comparable to the receptive language skills of 12- to 
18-month-old infants—with grammatical skills being 
the most debated and questionable. One also must 
not underestimate their skills. Perhaps most strik-
ingly, and in sharp contrast to other nonhuman spe-
cies, from puppyhood, dogs of all breeds understand 
the pointing gesture.

In human infancy, mastery of the pointing gesture 
between 9 and 12 months of age is the direct precursor 
of referential terms in infants’ vocabularies. Infants’ 
mastery of pointing is also a milestone in early social-
cognitive development: It clearly indicates the under-
standing of intentionality. Whether dogs, similarly to 
human infants, understand the communicative and 
the referential intentions underlying human commu-
nicative acts, such as naming and pointing, is subject 
to ongoing debate and experimentation. 

Indeed, dogs seem to understand pointing slightly 
differently than humans. Specifically, for them, point-
ing gestures seem to be primarily spatial directives, 
that is, as commands to walk in a particular direction. 
Mere obedience to walk in a certain direction is suffi-
cient to ““accidentally” find food or toys at a pointed-
at location; understanding that the pointing gesture 
was about the food or toy is not necessary. 

However, dogs seem to have some understanding 
of human communicative intentions. This is evident 
in the fact that they do not always and blindly follow 
pointing gestures: First, dogs follow pointing gestures 
only when they are clearly directed to them and per-
formed in a communicative manner. Second, dogs 
respond differently to pointing gestures depending on 
the context prior to the gesture and the tone of voice 
accompanying the gesture. 
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Beyond their nonverbal communication skills, 
most pet dogs also know at least a few words. That is, 
they respond appropriately to verbal commands such 
as “Sit,” “Come,” and “Wait.” Certain dogs, namely 
guide dogs, not only learn action commands but also 
labels for objects ranging from telephone to streetlight 
to stairs, and so on. However, guide dogs are able to 
acquire only a limited number of such words.

Interestingly, a few individual dogs—mostly but 
not exclusively border collies—acquired impressive 
vocabulary sizes and can reliably differentiate several 
hundreds of objects by name. That is, when asked 
to fetch a Frisbee, ball, stick, shoe, sock, bottle, and 
so on, these dogs bring the corresponding object—
even from an adjacent room, thus with no help of a 
speaker’s gesture or gaze. At first, it was thought that 
such huge vocabulary skills could be found only in 
working dogs, but recently a Yorkshire terrier with a 
vocabulary of about 200 words was identified. It is 
unclear what makes some dogs such successful word 
learners. Most dogs, even when exposed to exten-
sive training, are unable to learn many more than a 
dozen words.

The processes of canine word learning and the 
nature of the resulting lexicon are not yet understood. 
Perhaps most strikingly, these linguistically compe-
tent dogs are able to identify the referents of novel 
words in ways comparable to young children. First, 
they can disambiguate the reference of novel words 
by relying on the speaker’s pointing gesture. Second, 
they can disambiguate the reference of novel words 
by exclusion. The latter is likely due to their general 
preference for a one-to-one mapping between words 
and objects. But, the former suggests that dogs under-
stand the unified communicative intention behind 
a command that comprises both a gesture and a 
word. Contrary to children, dogs may not appreciate 
the referential nature of both pointing and naming. 
However, they do show superficially similar behavior 
based on different underlying processes. For example, 
they might interpret the gesture-plus-word command 
as “Walk in the indicated direction, and you will find 
the object that I am asking you to fetch.” Furthermore, 
whereas children pick up new words quickly and after 
minimal exposure (fast mapping), whether dogs also 
fast map is debated.

Although the vocabularies of language-trained 
dogs mostly consist of one-to-one word–object pairs, 
dogs can group several objects under the same name 
and learn multiple terms for the same object. Such 

grouping does not even require explicit training; dogs 
extend labels spontaneously to novel exemplars. Dogs 
have a rudimentary understanding that words denote 
categories. However, in contrast to the dominant 
role of shape and function in human categorization, 
they extend labels based on a number of dimensions, 
including shape, texture, and material. 

Much less is known about canine skills with words 
other than object labels, let alone grammar. Although 
dogs have been trained with action schemas such as 
fetch _____ and nose _____, methodological con-
cerns make it difficult to draw conclusions, and future 
research is necessary to establish whether dogs under-
stand anything about grammar. 

Another poorly understood domain is the canines’ 
ability to produce communicative signals for their 
human interlocutors. It is known that dogs use bark-
ing, gaze, and body posture to communicate with 
humans and one study demonstrates a dog’s use of 
a small number of lexigrams. Future research should 
address the dogs’ production of communication. 

In conclusion, to date, the question whether canine 
communicative skills differ from those of young chil-
dren only or more substantially in degree remains an 
open one. Another open question is how these skills 
evolved. Dogs’ marked superiority with human com-
munication in comparison with both wolves and 
great apes suggests that interaction with humans 
during domestication played a crucial role. However, 
the details of the process remain to be identified by 
future research.

Susanne Grassmann
University of Zurich
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Language	Learning	in		
Nonhuman	Primates
Language learning in nonhuman primates has been 
studied with vocal, gestural, and visual symbol sys-
tems, in addition to assessments of speech compre-
hension. Early researchers focused on teaching apes 
to produce language but noted that comprehension 
exceeded production. Later research demonstrated 
the importance of receptive language for produc-
tive development. Techniques used to teach apes 
language vary along a continuum from operant con-
ditioning to enculturation. Apes raised in language-
enriched environments (enculturation) learn lan-
guage more quickly, use it more flexibly, and exhibit 
greater speech comprehension than apes trained with 
conditioning. 

While the rate of language learning remains much 
slower for apes than humans, vocabularies reported 
across studies of enculturated apes may underesti-
mate competence due to reliance on caregiver diaries 
and testing. Apes raised in language-enriched envi-
ronments learn many skills previously believed to be 
uniquely human: complex associations between sym-
bols and referents, declarative language, pragmatic 
skills, and aspects of syntax. However, their communi-
cation is primarily imperative, and they do not recom-
bine units into an unlimited variety of larger structures 
or use complex mental state terms. Controversy about 
whether apes can learn language centers around ambi-
guity concerning what constitutes language.

Although language is often considered uniquely 
human, many characteristics of language are appar-
ent in animal communication. Nonhuman primates 
use and respond to calls referring to specific aspects of 
the environment and use sequences of calls to convey 

more information than the calls of which they are 
composed. However, these calls may lack the refer-
ential fluidity of language. Nonhuman primates also 
read intentions and segment the speech stream into 
words. While apes can imitate human sounds, they 
rarely do so. In general, nonhuman primates use ges-
tures more flexibly than sounds.

Language learning occurs at the intersection of 
phylogeny, ontogeny, and culture. By making ontog-
eny more similar through enculturation, researchers 
have identified linguistic skills likely to have been pres-
ent in the common ancestor of humans and other apes 
as well as skills that may be unique to humans. Traits 
observed across related species are likely homologous 
(present in the last common ancestor). The ancestors 
of humans likely diverged from Pan (chimpanzees 
and bonobos) 7 to 13 million years ago. Bonobos and 
chimpanzees diverged 1.5 to 2.6 million years ago. 
Gorillas diverged from humans and Pan 8 to19 million 
years ago. Orangutans diverged from the other apes 15 
to 19 million years ago. Despite the millions of years 
that apes and humans have been subject to potentially 
different evolutionary pressures, all great apes exhibit 
population-level brain lateralization in regions impor-
tant for language learning. While the human brain is 
proportionally larger than that of the other apes, post-
natal brain development is prolonged across apes. This 
early flexibility allows experience with conspecifics to 
shape brain development. A sensitive period for lan-
guage acquisition is present among all apes.

Teaching	Apes	to	Vocalize
In perhaps the first attempt to teach language to apes 
(1890s), Richard Gardner tried to teach apes in Africa, 
including a juvenile chimpanzee, Moses, who learned 
to say feu but died. In 1909, Lightner Witmer taught 
a circus chimpanzee, Peter, to say mama. Witmer and 
his friend William H. Furness attempted to teach two 
orangutans and two chimpanzees to speak. After five 
years of attempting to form a chimpanzee’s mouth 
into words with his fingers and a spoon, she learned 
to say mama. A baby orangutan learned cup and clung 
to him when she said, “Papa,” but died. Furness stated 
that her comprehension far exceeded her production. 
This distinction between expressive and receptive lan-
guage would remain consistent throughout ape lan-
guage research.

Beginning in 1913, Nadezhda Kohts raised a male 
chimpanzee, Joni, from 1½ to 4 years of age in her 
home. When comparing the development of her son 
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and Joni, she emphasized species differences in cogni-
tion but attributed Joni’s failure to learn language to 
lack of language instruction.

In 1933, Luella and Winthrop Kellog reared a 
7½-month-old female chimpanzee, Gua, with their 
9½-month-old son, Donald, for 9 months. Attempts 
to teach speech with lip manipulation were ineffec-
tive for both species. Donald’s comprehension soon 
exceeded Gua’s, although Gua learned to understand 
more than 100 words.

In 1951, Keith and Catherine Hayes adopted a 
female chimpanzee, Viki, from 3 days old till death at 
7 years. They attempted to mold speech by manipulat-
ing her lips. She learned to say: mama, papa, cup, and 
up. The Hayes emphasized that Viki understood more 
than she could produce but that it was impossible to 
provide a measure of her comprehension because it 
often appeared dependent on context.

In 1978, Keith Laidler used conditioning to teach 
a 2-year-old orangutan, Cody, to vocalize. After 9 
months, the ape could produce four sounds: kuh, puh, 
fuh, and tbuh. These sounds were used appropriately 
in different contexts: Kuh was used in response to 
drinks, while puh was used for comfort. 

Teaching	Apes	to	Gesture
In 1967, Allen and Beatrix Gardner adopted a wild 
captured female chimpanzee, Washoe, who was 8 to 
14 months old. They thought that difficulties teaching 
apes to speak might be attributable to physiological 
rather than cognitive limitations. Unlike the human 
larynx, the ape larynx cannot close completely. This 
prevents apes from making many of the consonant 
sounds important for speech production.

Washoe’s caregivers treated her as if she were intrin-
sically motivated to communicate and used a simple 
and repetitive form of American Sign Language (ASL) 
to sign about daily activities. Spoken speech was lim-
ited to focus her attention on ASL. They taught signs 
using shaping, molding, signing on her body, and (less 
commonly) modeling. In order for a sign to be con-
sidered learned, it had to be observed by three observ-
ers and then used appropriately on 15 consecutive 
days. Most subsequent studies modeled measures of 
productive vocabulary after the Gardners. As Wash-
oe’s vocabulary increased (150 signs by 8 years), novel 
word combinations emerged. Although the combi-
nations had meaning, she typically added a limited 
number of words, like more, to nouns. The Gardners 
stressed that Washoe’s comprehension exceeded her 

production and that conditioning also plays a role in 
human language development.

The Gardners extended their cross-fostering 
approach with four infant chimpanzees (Moja, Pili, 
Tatu, and Dar). Their students, Roger and Deborah 
Fouts, introduced Washoe into a colony of 18 chim-
panzees who were encouraged to sign together. Lou-
lis, a male chimpanzee whom Washoe adopted at 10 
months, learned 47 signs and combined them, with 
very limited human sign input. Washoe used tech-
niques used to teach her—molding, modeling, and 
signing on his body—to teach Loulis. This contrasts 
with reports from the wild that juvenile apes learn by 
observing adults who do not directly teach them.

In 1972, Francine Patterson adapted the Gard-
ners’ approach (although speech and signs were used 
simultaneously) to teach a 1-year-old female lowland 
gorilla, Koko. Patterson reported that Koko acquired 
250 signs, combined them into meaningful, novel 
statements, showed word order preferences, under-
stood more than she could express, and used lan-
guage for humor. Another gorilla, Michael, acquired 
a vocabulary of around 110 words.

In 1973, Herb Terrace began to teach signs to a 
week-old male chimpanzee, Nim Chimpsky, who 
lived with a human family until 18 months of age and 
then with students who trained him in ASL. He was 
asked to imitate signs and explicitly rewarded for cor-
rect sign use. He learned 125 signs. Nim combined 
sequences of signs but often imitated and interrupted 
his caregivers. When assessed later in a more natural-
istic setting, Nim interrupted and imitated less.

In 1978, Lyn Miles adopted a 9-month-old orang-
utan, Chantek. Caregivers communicated with him 
using a pidgin form of ASL. For several years, he was 
not exposed to speech. Later, signs were delivered 
with telegraphic speech. Communicative rules were 
introduced through games, while he was taught signs 
through molding and modeling. He acquired 150 
signs and invented signs of his own. As his vocabu-
lary increased, he began to create combinations, to 
refer to nonpresent referents, and to deceive. The 
majority of his signs were for actions and objects 
rather than edibles.

In a 1978 study conducted in a nature reserve, Gary 
Shapiro trained an adult female orangutan, Rinnie. A 
referent was presented in conjunction with a prompt, 
attempts to sign were molded into the appropriate 
form, and reinforcement was provided. Most of her 
vocabulary referred to edibles. She acquired 32 signs. 
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Four juvenile (3- to 4½-year-old) orangutans (Pola, 
Princess, Rantai, and Hampas) acquired 4.25 signs on 
average following 15 months of intensive molding and 
reinforcing of 10 signs. Princess eventually learned 37 
signs, although she rarely combined them.

Teaching	Apes	Visual	Symbols	With	Conditioning
In 1966, Ann and David Premack used condition-
ing to teach a 5-year-old chimpanzee, Sarah, to “read 
and write” by attaching plastic symbols representing 
words that varied in color, shape, and size to a metal 
board. They began training by teaching her to attach a 
symbol of a fruit to the board in order to receive fruit. 
Then she had to place the symbols in a specific order in 
response to questions. She developed a vocabulary of 
approximately 130 terms. The Premacks claimed that 
her ability to follow commands and build sequences 
indicated an understanding of sentence structure. 
They also trained additional chimpanzees: Elizabeth, 
Peony, and Walnut. All required hundreds of trials to 
associate a symbol with its referent. In 1973, Shapiro 
adapted these methods to teach associations between 
plastic letters and referents to a juvenile female orang-
utan at the zoo, Aazk.

In 1971, Duane Rumbaugh used conditioning 
to teach a 40-year-old female chimpanzee, Lana, a 
computer-controlled language called Yerkish. She was 
trained to touch a sequence of keyboard lexigrams 
(arbitrary geometric patterns representing words) to 
access reinforcers. The keyboard held 50 to 75 lexi-
grams. The background color of each lexigram indi-
cated its word class. Unlike Washoe, Lana was trained 
to string symbols together in order to get reinforcers. 
Thus, the majority of her utterances had a sentence-
like structure. She also began to form sequences that 
were not taught.

In 1977, Rumbaugh’s approach was adopted in 
Japan with a 1-year-old female chimpanzee, Ai. 
Researchers used matching-to-sample tasks to teach 
a computer-based keyboard. Their work focused pri-
marily on cognitive and perceptual skills rather than 
language. Ai was reinforced for successive approxima-
tions of key touch behavior alone in a testing booth. 

Aping	Language
In the 1970s, controversy erupted about whether 
these apes had been learning language or something 
simpler. Behaviors that had been described in lin-
guistic terms could be reduced to behavioral prin-
ciples; Terrace contested Rumbaugh’s claim that 

Lana’s “sentences” reflected an understanding of 
syntax, asserting that they were simply chained asso-
ciative responses. Given that other species, such as 
pigeons, can learn associative chains, Terrace argued 
that Lana’s productions were not language. Terrace 
placed grammar at the center of his definition of 
language because it is key to generating an indeter-
minate number of sentences from a finite number 
of words.

In 1979, Terrace published a paper describing his 
attempt to replicate the Gardners’ work with Nim. Nim 
produced varied sign combinations that appeared to 
follow word-order rules similar to patterns apparent in 
human sentences. However, a comparison of training 
videos of Nim to previous research on human children 
revealed that many more of Nim’s combinations were 
imitations of his caregivers’ input than was the case for 
human children. Analyzing films of Washoe and Koko, 
Terrace found similar evidence of imitation. Empha-
sizing that apes used language imperatively, he con-
cluded that ape language was pragmatically, semanti-
cally, and syntactically restricted. Terrace highlighted 
the importance of a record of ape communications 
and surrounding discourse.

Response	to	Controversy
This critique cast a shadow over ape language research. 
Miles responded by comparing Chantek’s two-way 
sign exchanges to those of Nim when both were 26 
months old. Chantek exhibited fewer imitations (3 to 
38 percent) than Nim. The Gardners had no record of 
utterances directed at the apes and so could not refute 
Terrace’s claims. The Fouts responded to critiques 
by studying signing between chimps, including signs 
Loulis acquired from other chimps.

Shortly before these controversies emerged, Sue Sav-
age-Rumbaugh and colleagues began a study examin-
ing relationships between language-trained apes. Two 
co-reared male chimpanzees, Sherman and Austin, 
were trained to use the same system as Lana but to use 
single words from 2½ and 1½ years old, respectively. 
Importantly, the keyboard kept a record of their imita-
tions, which were in the range of human children. 

Enculturation	of	a	New	Species:	Bonobo
The next major advance in ape language research 
involved a new species. Bonobos had not previously 
been involved in ape language research because they 
are rare in the wild. Bonobos use multimodal com-
munication more in the wild than do chimpanzees. In 
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1984, Savage-Rumbaugh and colleagues began efforts 
to teach a wild-caught adult female bonobo, Matata, 
to use lexigrams. Her adopted son, Kanzi, watched 
attempts to teach his mother. No attempts were made 
to teach him. Although attempts to teach Matata were 
largely unsuccessful, when she was removed for 4 
months for breeding, at the time Kanzi was 2½ years 
old, it became evident that he had learned lexigrams. 
Researchers decided to use symbols interactively with 
him rather than training him. Kanzi was not required 
to use symbols to acquire things but was encour-
aged to communicate with caregivers indoors and 
while foraging through 55 acres of forest. Indoors, a 
lexigram board with approximately 256 symbols was 
attached to a speech synthesizer. Outdoors, caregiv-
ers spoke words associated with lexigrams. By 5 years 
of age, Kanzi produced combinations that revealed 
the ability to invent and learn a rudimentary gram-
mar (word ordering preferences) and to use imitation 
pragmatically.

Savage-Rumbaugh and colleagues compared the 
language comprehension of a 2½-year-old human 
child, Alia, to Kanzi at age 8. Alia was exposed to 
lexigrams from 3 months of age. Like Kanzi, she was 
not trained to use them. An examiner behind a one-
way mirror asked Alia or Kanzi to respond to novel 
sentences varying in syntactic complexity. Correct 
responses were not rewarded. Kanzi was correct fol-
lowing 74 percent of the sentences, while Alia was 
correct following 65 percent of them. Many responses 
were creative. Both Alia and Kanzi demonstrated the 
ability to respond to words flexibly depending on the 
sentential context in which the words appeared.

In order to determine if differences between Sher-
man and Austin and Kanzi reflected species or rearing 
differences, a bonobo, Panbanisha, and a chimpan-
zee, Panpanzee, were raised together from soon after 
birth. Instead of focusing on production, Savage-
Rumbaugh and colleagues focused on observational 
learning and comprehension. Across 4 years, virtually 
all evidence of symbol production and comprehen-
sion was recorded and entered into a database.

By 3 years of age, Panbanisha demonstrated compre-
hension of 179 words, while Panpanzee demonstrated 
understanding of 79 words. Panpanzee learned sym-
bols later than Panbanisha, relied more on requests, 
and had more difficulty responding to complex utter-
ances. Their comprehension and use of lexigrams 
across contexts suggests that they were not simply asso-
ciative stimuli. Thus, differences between chimpanzees 

and bonobos in previous research were likely due to 
environmental factors rather than species differences.

Savage-Rumbaugh and colleagues compared the 
comprehension of apes exposed to language before 2½ 
years of age (Kanzi, Mulika, Panbanisha, and Panpan-
zee) with the comprehension of five others (Lana, Sher-
man, Austin, Matata, and Tamuli) who were exposed to 
language after 2½ years. None of the later apes acquired 
symbols without extensive training, and none dem-
onstrated comprehension of more than a few spoken 
words by 9 years. All of the apes exposed to language 
earlier understood at least 40 words by 2½ years. 

Insights	for	Language	Evolution
Given language enrichment, speech comprehension 
emerges across all species of great apes. Thus, the 
potential for speech comprehension was likely present 
millions of years before productive speech emerged. 
Gestures may have provided the means for our ances-
tors to develop speech. There are a number of lines of 
evidence for a role of gesture in the evolution of lan-
guage: Gestures used by apes vary more with context 
than their vocalizations do, the human vocal appara-
tus emerged relatively late in evolution, and both lan-
guage and communicative gestures are associated with 
similar patterns of lateralized brain activity. When the 
gestures of a human toddler were compared to ges-
tures produced by a language-enculturated bonobo 
and chimpanzee during the second year of life, strik-
ing similarities in the forms and functions of gestures 
were observed. The majority of the gestures produced 
by all three species were communicative. While the 
same types of gestures were observed across species, 
the child exhibited more evidence of using gestures to 
share experience with others (by showing objects to 
caregivers or pointing) than the apes did. Supporting 
a role of gesture in the evolution of language, gestures 
preceded symbol use for all three species.

A key issue at the heart of determining the relation-
ship between ape and human language is how lan-
guage is defined. Researchers generally agree that it 
is best defined in terms of overlapping systems such 
as phonology, syntax, semantics, and pragmatics or 
mechanisms such as sequential learning, reading of 
social cues, memory, and recursion. Marc Hauser, 
Noam Chomsky, and Tecumseh Fitch distinguish 
between the Faculty of Language Broad (FLB) and the 
Faculty of Language Narrow (FLN). They hypothesize 
that FLN, which is specific to humans and to language, 
could be recursion but emphasize that what FLN is 
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remains an empirical question. They claim that FLB 
allows humans, but not chimpanzees, to master lan-
guage without explicit instruction. 

However, ape language research suggests that 
apes learn language better when it is embedded in 
more implicit social routines than when it is taught 
explicitly using operant conditioning. Additionally, 
the potential to understand elements of syntax is 
present in apes. Like human children, apes raised in 
language-enriched environments exhibit word order 
preferences, categorize symbols semantically, and use 
language pragmatically. The role of reinforcement in 
language learning remains underspecified for both 
apes and humans. Thus, differences between humans 
and apes in language potential may be more a matter 
of degree than of kind.

Kristen Gillespie-Lynch
College of Staten Island, City University of New York

Sue Savage-Rumbaugh
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Heidi Lyn
University of Southern Mississippi
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Late	Talkers
Expressive language delay in young children is 
often secondary to another condition, such as hear-
ing impairment, general intellectual disability (ID), 
autism spectrum disorder (ASD), or deprivation or 
abuse. Children identified with delayed expressive lan-
guage before age 3 to 3½ in the absence of any of these 
conditions are called late talkers. Late talkers include 
children who have a receptive language delay as well 
as children who have typical receptive language. Much 
is known about the characteristics, treatment, and 
outcomes of late talkers, but less is known about the 
etiology of late talking or the predictors of outcome.

Many late talkers are identified because parents or 
pediatricians request an evaluation if a child is not talk-
ing by 24 months. In general population samples, late 
talkers are often identified using a parent-report vocab-
ulary checklist, such as the 680-word MacArthur–Bates 
Communicative Development Inventories (CDI) or 
the 310-word Language Development Survey (LDS). 
Both instruments have good psychometric proper-
ties, including strong concurrent validity with direct 
assessments of expressive language. Typical criteria for 
expressive language delay are less than the 10th percen-
tile for total vocabulary score on the CDI or less than 50 
words or no word combinations on the LDS.

With the CDI or LDS, practitioners can identify 
virtually all children in this age range likely to have an 
expressive language delay. Once identified by screening, 
a child must be further evaluated to determine if the 
expressive language delay is due to ID, ASD, hearing 
impairment, or neglect, or whether the child is purely 
a late talker. Within the group of late talkers, children 



338 Late Talkers

with expressive delay only and children with mixed 
expressive or receptive delay need to be differentiated 
because research suggests they have different outcomes.

Much research on late talkers has been conducted 
by recruiting a small sample of relatively advantaged 
late talkers and a comparison group from the same 
demographic background. More recently, studies 
have been undertaken to identify late talkers in large, 
population-based epidemiological samples. Such epi-
demiological research is needed to determine the per-
centages of children who are late talkers versus those 
who are language delayed due to other conditions.

Late talkers show delays not only in their expres-
sive vocabulary (and therefore in their emerging syn-
tax) but also in their phonological skills. Compared 
to typically developing peers, late talkers vocalize or 
babble less, have smaller consonant inventories, and 
produce simpler syllable shapes. Additionally, differ-
ences in receptive phonology, speech perception, and 
language processing during infancy appear to predict 
late talking.

Many children delayed in expressive language at 18 
to 24 months are no longer delayed at 3 years, and many 
children delayed in language at 3 were not delayed at 
18 to 24 months. Thus, although we can reliably iden-
tify young late talkers, consistency in late talker status 
across the early years is quite low. It is likely that both 
genetic and environmental factors have a substantial 
influence on the outcome of late talking, but research 
addressing this issue is still emerging.

Several studies have reported later outcomes for late 
talkers identified between 18 and 35 months of age. 
Late talkers identified at 18 months as less likely to have 
persistent delay by age 3 than late talkers identified at 
24 months. Additionally, the older late talkers are at 
follow-up, the larger the percentage who will be recov-
ered. Late talkers without receptive language delay tend 
to have better outcomes than those also delayed recep-
tively. Late talkers also recover more quickly in vocabu-
lary than in grammar. Despite variations in outcomes 
reported across both small-scale and epidemiological 
studies of early language delay, most late talkers attain 
language scores in the average range by age 5, 6, or 7.

Although few late talkers meet the criteria for specific 
language impairment (SLI), by the time they enter kin-
dergarten, late talker groups score significantly lower on 
language measures into adolescence than demographi-
cally matched groups with typical language histories, 
even when the late talkers perform in the average range. 
Early delays in phonology and vocabulary are followed 

by later differences in syntax, which are followed by dif-
ferences in higher-order discourse skills such as narra-
tion, exposition, and reading comprehension.

That late talkers continue to have weaker lan-
guage skills than comparison peers into adolescence 
provides support for the dimensional account of 
language delay, according to which late talkers and 
children with typical language development differ 
quantitatively on a hypothetical language ability spec-
trum. The language ability spectrum, like intelligence, 
can be conceptualized as deriving from variation in 
many discrete skills, such as auditory perception and 
processing, word retrieval, verbal working memory, 
motor planning, phonological discrimination, and 
grammatical rule learning.

A variety of intervention approaches are effective 
for late talkers. Interventions differ on many param-
eters, such as degree of structure, area of language 
addressed, and deliverer of services. Most efficacy 
studies to date have been relatively short-term both 
in length of the intervention and length of the follow-
up. Research is lacking with regard to how late talk-
ers who respond well to treatment and appear to have 
normalized by age 4 or 5 will look when they reach 
middle childhood or adolescence.

Because most late talkers from advantaged families 
are likely to perform in the average range by school 
age without intensive intervention, advice to parents 
about how to foster language in the context of every-
day preschool experiences may suffice. For socially 
disadvantaged populations, late talking is likely to 
have a much greater impact on subsequent develop-
ment. Therefore, late talkers from low socioeconomic 
backgrounds may need a more comprehensive and 
aggressive approach to intervention, given the risks for 
language and literacy deficits even typically endowed 
children from such families manifest.

Leslie Rescorla
Bryn Mawr College
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Learning	Words	From	
Overheard	Speech
Much of the experimental research on early word 
learning implies or assumes that the prototypical word 
learning situation is dyadic and involves joint atten-
tion; that is, an adult directly addresses the infant or 
toddler and labels what the child is focused on. Many 
parents and practitioners also believe that this is how 
young children best learn words. Yet, many young 
children around the world experience far more poly-
adic than dyadic interactions, and research suggests 
they are very attentive to third-party interactions. It 
also is known that toddlers monitor conversations 
between their siblings and caregivers and sometimes 
will interrupt them and contribute in relevant ways. 

These and other observations led Yuriko Oshima-
Takane to the hypothesis that young children may be 
learning vocabulary from these third-party conver-
sations. Since Oshima-Takane’s early studies on per-
sonal pronouns, experimental work has confirmed 
that 2-year-olds can learn nouns and verbs from 
speech not directed to them. Subsequent studies have 
examined the youngest age at which, and conditions 
under which, infants are able to learn words through 
overhearing, whether direct interactive contexts may 
be particularly beneficial at younger ages, and whether 
this pattern may vary across cultural contexts.

Oshima-Takane’s seminal studies began with an 
important observation: that there are some words, 
namely personal pronouns, that may require atten-
tion to third-party conversations. She argued that, if, 

for example, children only paid attention to language 
addressed to them directly, they would wrongly infer 
that you was their name rather than a pronoun with 
shifting reference. Her studies showed that later-born 
toddlers produced fewer pronoun reversal errors than 
firstborns presumably because they benefited from 
observing third-party interactions in which their 
parents referred to each other (and to their siblings) 
as you. Inspired by these early studies of learning 
through overhearing, researchers began to examine 
whether other words (e.g., object labels and verbs) 
might also be learned through overhearing.

One study with German toddlers has shown that, 
as early as 14 months, infants can monitor third-party 
pointing (and by 18 months, third-party gaze direc-
tion); this skill should help them in determining what 
people who are not interacting with them are attending 
to and referring to. A number of experimental studies 
have now shown that, by the middle of the second year, 
both German and American toddlers can learn novel 
object labels in third-party contexts. Moreover, they 
learned these novel words equally well through over-
hearing as when they were directly addressed.

At 18 to 20 months, U.S. and Canadian toddlers 
can also learn novel actions (e.g., using their heads 
to turn on a light) from third-party interactions, 
although they may imitate these types of actions more 
in an interactive condition in which someone directly 
showed them the novel actions than in an observa-
tional condition at this age. Third-party imitation 
was related to toddlers’ visual perspective taking and 
mirrors self-recognition. These results support Chris 
Moore’s hypothesis that the ability to learn from a 
third-party interaction seen in the middle of the sec-
ond year is related to toddlers’ emerging understand-
ing of self–other equivalence (the understanding that 
both self and others have analogous first-person expe-
riences and third-person characteristics). The hypoth-
esis is that young children need to be able to project 
themselves into the interaction they are observing 
in order to learn from it. While the existing data are 
consistent with this hypothesis, more work needs to 
be done to operationalize the construct of self–other 
equivalence and to provide converging evidence for 
its role in early third-party learning.

At 24 months, English-learning toddlers in the 
United States can learn both nouns and verbs from 
third-party interactions, although nouns seem some-
what easier for them. By 30 months, they performed 
equally well with nouns and verbs. At 30 months, they 
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also were able to learn object labels from a third-party 
interaction when engaged in a distracting activity and 
even when the novel words were embedded in direc-
tives (e.g., “Can you put the toma in here?”) rather 
than ostensive labeling statements. Somewhat sur-
prisingly, at this age, toddlers seemed to learn object 
labels better from a televised third-party interaction 
than from a televised interaction in which one person 
appeared to address them directly, but only when that 
televised interaction involved reciprocity between the 
two people they observed. Finally, very recent data 
suggest that monolingual English-learning toddlers 
aged 30 months can learn Spanish object labels from 
a third-party interaction, provided the label is embed-
ded in an English-labeling utterance.

One criticism of the experimental studies of word 
learning through overhearing has been that, while the 
speech was not directed to the child participants, it 
appeared to be designed for them in that the experi-
menter spoke excitedly about the novel objects; thus, 
perhaps it was the acoustic characteristics of the 
speech (a register known as child-directed speech) 
that drew their attention to the third-party interac-
tion and helped them learn from it. A recent series 
of studies indicates that these acoustic character-
istics may not be necessary if children are already 
attending to the third-party interaction but may 
assist in directing their attention to it when they are 
engaged with something else. In these studies, 18- and 
24-month-old toddlers were randomly assigned to 
either an adult-directed speech condition (in which 
the experimenter spoke in a flat, uninflected mono-
tone) or a child-directed speech condition. Both age 
groups learned a novel object label equally well in the 
two conditions, but a follow-up study indicated that, 
when given a distracter toy to play with, 24-month-
olds only learned the label in the child-directed 
speech condition. Thus, when they were engaged in 
another activity, the acoustic characteristics of child-
directed speech acted to attract toddlers’ attention to 
the third-party interaction, enabling them to learn a 
word from it.

Cultural	Differences
Some studies suggest cultural differences in the extent 
to which young children monitor third-party interac-
tions. In some cultures, children seem to be expected 
to monitor and learn from third-party interactions, 
and in those situations, very young children do seem 
to be keen observers of others’ interactions. It is 

possible that growing up in such cultures and regu-
larly experiencing daily polyadic interactions can 
lead to the development of strategies of attending to 
third-party interactions that then aid children’s learn-
ing from them. If this is true, then children who have 
more experience in polyadic (relative to dyadic) inter-
actions should have an advantage in learning from 
overheard speech. Consistent with this hypothesis, 
Laura Shneidman and her colleagues have demon-
strated that, at 20 months, the amount of time tod-
dlers in Chicago spend with multiple adults predicts 
their attention to a third-party interaction as well as 
their ability to learn a novel object label from it. One 
might extrapolate from this finding and suggest that 
children growing up in cultural contexts with a lot of 
polyadic experiences might be better able to make use 
of overheard input to learn words. However, recent 
findings seem to indicate benefits for learning from 
direct speech even in such contexts.

Two naturalistic observational studies—one a case 
study of a child being raised trilingually in the United 
States and one a study of both rural Yucatec Mayan 
children in Mexico and urban children in the United 
States—compared learning from direct speech to 
learning from overheard speech in very young tod-
dlers. Both studies suggest that, in the earliest stages 
of word learning, learning words from overhearing is 
not as easy as learning words directly from an inter-
locutor. Both of these studies involved quantifying 
the amount of speech directed to children and the 
amount they overheard. The case study indicated 
that language spoken directly to the child was a much 
stronger predictor of early vocabulary development 
than (overheard) speech between her parents. In the 
other study, Mayan 1-year-olds experienced propor-
tionally less direct input than a comparison sample of 
U.S. 1-year-olds, although this proportion grew over 
time in the Mayan sample but not in the U.S. sam-
ple. More important, at 24 months, it was only direct 
input from adults (as opposed to direct input from 
other children and overheard input) that predicted 
subsequent vocabulary development. 

Conclusion
These results suggest that direct input may be partic-
ularly important for early word learning but seem to 
contradict the experimental studies that show equiva-
lent word learning in direct and observational contexts. 
The experimental studies suggest that it is just as easy 
to learn words from overheard speech as direct speech, 
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but the observational studies suggest a greater role for 
speech directed to children. Future research will need 
to reconcile these apparently contradictory findings.

Another question for future research is to what 
extent witnessing reciprocity between the two partic-
ipants in the third-party interaction is necessary for 
learning to occur. Whether or not reciprocity is nec-
essary may vary with age or the type of information 
(words versus actions) being acquired; for example, 
it may be that reciprocity is particularly important 
when learning conventional information (like words) 
but not so important for more idiosyncratic facts. It 
is also not clear to what extent an understanding of 
self–other equivalence is necessary for third-party 
learning of words versus actions nor how we can best 
assess self–other equivalence in young toddlers.

Ultimately, it is unlikely there will be major long-
term implications for how much direct versus over-
heard input children receive early in life. Almost 
certainly most of the words children learn through 
overhearing will be reinforced in direct interactions 
and vice versa. But, it is interesting to note that expo-
sure to overheard speech in a second language in 
childhood has been linked to better pronunciation 
(more native-like phonology) when learning that sec-
ond language as an adult. It is not clear how much 
early exposure (and of what type) is necessary for this 
advantage to emerge, but this finding is supported by 
recent studies showing a distinct advantage of expo-
sure to a second language in childhood for foreign-
word learning. Children with exposure to a second 
language seem to have an advantage over monolingual 
children in learning words from a completely unfa-
miliar third language. It seems possible that future 
research will shed light on multiple possible benefits 
of learning through overhearing.

Nameera Akhtar
University of California, Santa Cruz
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Less-Is-More	Hypothesis
Elissa Newport’s less-is-more hypothesis seeks to 
explain the seeming paradox that children, who are 
generally inferior to adults on most cognitive and 
memory measures, are actually superior to adults in 
acquiring the structure of language. Rather than see-
ing this as a contradiction, the less-is-more hypothesis 
postulates that there is actually a causal relationship 
between limited processing capacity and the ability 
to master language structure. Language is a complex 
system built up of smaller elements such as words and 
grammatical markers, and once these smaller units 
are mastered, they can be recombined in new, produc-
tive grammatical ways. Children, because of their lim-
ited processing capacity, may only be able to attend 
to and remember smaller units of input and, thus, de 
facto get language broken down into its component 
parts. Adults, with their larger processing capacity, 
may attend to larger-level units and thus not succeed 
in analyzing language down to its basic-level constitu-
ent parts.

Errors made by young learners during their acqui-
sition fit in with the less-is-more hypothesis. Initial 
imitations of utterances by young learners often are 
only partial—that is, they produce some components 
while leaving out others. Errors made by later learners, 
those who are exposed to a first or second language 
in their teen or adult years, show a different pattern. 
For example, deaf people who acquire sign language 
as their first language after the age of 12 often produce 
frozen signs—that is, ones in which all components 
of a sign are produced; however, these components 
are not adjusted for the current meaning or context. 
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This type of error is seen even after decades of experi-
ence with the language. Late first and second language 
learners also show inconsistencies in how they pro-
duce grammatical markers. They may use past tense 
correctly in one sentence and then omit it or produce 
an incorrect form in the next one. Indeed, late learn-
ers often cannot either explicitly or implicitly detect 
grammatical errors in others’ speech—they are virtu-
ally unaware of errors that are glaringly obvious to a 
native speaker. One exception may be the acquisition 
of word order—here late learners often do well, but 
mastery of global word order does not require insight 
into word internal components.

Key to the less-is-more hypothesis is the inverse 
relationship between processing capacity during 
acquisition and ultimate grammatical mastery. Thus, 
experimental evidence for the less-is-more hypothesis 
often involves training adults in an unfamiliar real or 
artificial language. The control group is given com-
plete exposure to the language, while the experimental 
group is given limited exposure in one of two ways: 
(1) limiting the input while allowing full processing 
capacity or (2) giving full input while limiting process-
ing capacity. Support for the less-is-more hypothesis 
comes from better mastery and generalization in the 
limited groups. For example, adults receiving limited 
input by initially hearing only one component of a sen-
tence with additional elements added upon repeated 
exposure do better on tests of grammatical knowledge 
than do adults receiving full-sentence input on each 
exposure. Adults only allowed to imitate parts of the 
input tend to show fewer frozen productions than do 
adults who do full imitation. Adults who get full input 
while their processing capacity is limited by a second-
ary task show slower learning of the sentences they are 
exposed to but evidence greater generalization of the 
morphology to novel sentences than do adults who get 
the same input without a secondary task.

Computer simulations of language learning have 
also tested the less-is-more hypothesis. Jeffrey Elman 
found that a connectionist simulation could not mas-
ter the grammar of a complex language if it was simply 
presented with all the input. However, it could learn 
the grammar (1) if the initial input was limited in 
grammatical difficulty and then gradually increased in 
complexity with continued exposure or (2) if the sys-
tem was presented with the entire input but only given 
limited initial processing capacity that increased with 
continued exposure. Note how these findings parallel 
the empirical tests with adult language learners.

Another line of evidence for the less-is-more 
hypothesis comes from differences in how children 
and adults learn from input where grammatical 
forms are not consistently marked. In this situation, 
children tend to regularize and produce the gram-
matical form that is most frequent in the input. That 
is, they seem to exaggerate the probability of the most 
frequent form. As shown by other research, this exag-
geration is a by-product that occurs when memory is 
limited. Adults, on the other hand, tend to produce 
the various inconsistent grammatical forms propor-
tionate to their frequency in the input. This mirror-
ing is what occurs when a larger sample of the input 
is available in memory. However, if the adults are 
confronted with very complex, inconsistent input, 
they too will regularize, indicating that the increased 
processing demands of the complex input may make 
their acquisition more childlike. When memory stress 
in the complex input situation is alleviated through 
lessening retrieval demands, regularization by adults 
decreases.

Not all evidence is consistent with the less-is-more 
hypothesis. For example, one study found that limit-
ing input for adults only aided grammatical acquisi-
tion for a complex language presented visually but not 
auditorially. Some computer simulations of language 
acquisition have failed to find an advantage of lim-
iting input or processing capacity. A study in which 
processing capacity was limited in adults exposed to 
inconsistent input did not result in regularization. 
Thus, there appear to be boundary conditions for the 
less-is-more hypothesis, and these need to continue 
to be explored. One important factor may be the 
complexity of the language to be learned, with less-
is-more being more relevant for the acquisition of a 
complex language than a simplified one.

Janet L. McDonald
Louisiana State University
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Lexical	Bootstrapping
Lexical bootstrapping refers to the view that early 
lexical development is a prerequisite for the emer-
gence of grammar. The class of theories that utilizes 
the concept of bootstrapping builds on the idiom of 
pulling oneself up by one’s bootstraps. Computer sci-
ence first used this idiom as a metaphor to refer to a 
self-sustaining process in which use of one code led 
to the loading of a more complex code. Data support-
ing lexical bootstrapping shows correlations between 
lexical knowledge at one time point and syntactic 
knowledge at a later time point. Other data include 
behavioral genetic models as well as demonstrations 
that link specific lexical developments with later word 
learning. This data has been used to argue that the 
same domain-general cognitive mechanisms under-
lie acquisition of both vocabulary and grammar. 
This contrasts with theories that syntax acquisition 
depends upon an autonomous grammar module. 
While lexical bootstrapping crosses domains in its 
most common form (lexical development and gram-
matical development are different domains of lan-
guage), the term has also been used within the lexical 
domain to argue that knowledge of some lexical items 
facilitates the acquisition of other lexical items.

Pioneering work in lexical bootstrapping was con-
ducted by Elizabeth Bates and her colleagues. In 1988, 
they collected lexical and grammar measures from 
27 children at 20 and 28 months of age. They found 

that lexical knowledge at 20 months was positively 
and significantly correlated with syntactic knowl-
edge at 28 months. The correlation between these 
two variables was greater than that between lexical 
knowledge at 20 months and lexical knowledge at 28 
months or between syntactic knowledge at 20 months 
and syntactic knowledge at 28 months. Longitudinal 
twin studies have found that lexical development at 
2 years of age predicts grammar development at 3 
years. Both genetic and shared environmental factors 
are responsible for the influence of early vocabulary 
on grammar development, and individual differ-
ences in vocabulary and grammar depend largely on 
the same genetic material. In other words, emerging 
lexical and grammatical abilities may be governed by 
common acquisition mechanisms. By 3 years of age, 
grammar knowledge predicts vocabulary knowledge, 
but vocabulary knowledge no longer predicts gram-
mar knowledge, suggesting that lexical bootstrapping 
is important while these skills are emerging, but syn-
tactic bootstrapping is important at later ages.

Several potential explanations exist to account for 
this relation between lexical and syntactical develop-
ment. One possibility is that the representation of a 
critical mass of lexical items aids children in segment-
ing fluent speech into words and morphemes that 
provide the foundation for grammar. A second pos-
sibility is that vocabulary size correlates with gram-
matical acquisition because most children initially 
acquire a large number of nouns, but as they accumu-
late vocabulary, an increasing number of verbs, adjec-
tives, and closed-class words are added to the lexicon. 
These word categories are the foundation of gram-
matical acquisition. 

In both cases, a critical mass of vocabulary knowl-
edge is seen as a prerequisite for grammatical learn-
ing. Alternatively, a third factor could serve as the 
mechanism behind both lexical and grammar learn-
ing without a causal link between the two. In other 
words, the relation between lexical and grammar 
development could be due to a separate, general 
factor. If some underlying propensity was respon-
sible for both vocabulary and syntactic development, 
bilingual children who were strong in both domains 
in one of their languages should also be strong in both 
domains in their other language as well. This does 
not appear to be the case: The correlation between 
vocabulary and syntax acquisition within each lan-
guage is much greater than the correlation between 
either vocabulary or grammar across languages. In 
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other words, the emergence of grammar in each lan-
guage is strongly tied to the size of the lexicon in that 
language rather than a general factor predicting indi-
vidual differences in vocabulary and grammar devel-
opment across languages.

This pattern of results is most compatible with the 
constructivist theory of language acquisition in which 
different domains of language are learned using the 
same general cognitive mechanisms, as opposed to 
generative theories in which grammar is an autono-
mous domain of language acquired via a distinct set 
of mechanisms. If the latter were the case, the strong 
correlations between different language domains, 
such as lexicon and syntax, would not be expected.

A less common usage of lexical bootstrapping 
refers to the use of lexical knowledge to facilitate 
further lexical acquisition rather than grammatical 
learning. That is, the bootstrapping occurs within a 
domain of language rather than using one domain 
as the prerequisite of another. Two examples of this 
are (1) the predictable co-occurrences of words may 
enable children to infer the meanings of novel words 
(e.g., verbs that encode physical motion or trans-
fer tend to precede the pronoun it), and (2) famil-
iar words may constrain the meanings of unfamiliar 
words in an utterance (e.g., a noun following the verb 
eat must be edible as in Mommy eats the kumquat.). 
In both of these cases, knowledge of lexical informa-
tion helps the child pull him- or herself up by the 
bootstraps to infer some aspect of the meaning of a 
novel term.

Judith Goodman
University of Missouri, Columbia
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Lexical	Development
Lexical development is the study of changes that occur 
in vocabulary knowledge over childhood. It concerns 
children’s first steps in building a vocabulary, how 
children of different ages assign meanings to words, 
and how these meanings change in response to vari-
ous experiences.

First	Words
Across many cultures, children tend to produce their 
first words at 12 or 13 months. These words have a 
simple structure (e.g., ba for bottle or kiki for kitty) 
and are composed of sounds heard in the children’s 
babbling. The words have a consistent meaning and 
a sound form that is derived from a word heard in 
apparent connection with that meaning. Many first 
words are initially uttered only in very specific con-
texts, often the one in which the child has most fre-
quently heard the word used. A few, however, are 
initially produced in more than one context and gen-
eralized to new objects or events.

Deaf children of parents who use American Sign 
Language tend to produce their first sign at around 8 
months old, well before hearing children produce their 
first word. This observation has been interpreted as 
evidence that hearing infants’ difficulty compiling and 
executing speech motor programs prevents them from 
producing words before their first birthday. However, 
deaf children’s first signs tend to be imitations or parts 
of routines and are not generalized to new entities until 
about the same age as spoken words are generalized 
to new entities. Thus, the cognitive challenge of using 
a general referential symbol in communication may 
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be the main reason that children do not use words or 
signs as categorical representations for various aspects 
of the world until after their first birthday.

Other evidence supports this cognitive develop-
mental view. For both hearing and deaf children, the 
first referential sign or word is not produced until 
after the child has been observed to spontaneously 
point to an object in a communicative exchange. Also, 
children tend to perform their first acts of symbolic 
pretense (e.g., playfully drinking from an empty bot-
tle) around the same time as they produce their first 
referential word or sign.

Children do have some understanding of the cat-
egorical representations conveyed by various words 
or signs before their first birthday, however. By 9 or 
10 months of age, most children tend to comprehend 
at least a few words in ways that are not bound to 
specific routines or contexts. For example, if asked, 
“Where is the bottle?” they will search for a bottle in 
the environment and, if they find one, will fix their 
gaze upon it. Thus, the difficulty of retrieving or pro-
ducing an appropriate word or sign may be the reason 
that first productions of words and signs lag behind 
first instances of their comprehension.

Early	Vocabularies
Production continues to lag behind comprehen-
sion after children have begun to produce words in 
a decontextualized manner. In one large-scale study 
using the MacArthur–Bates Communicative Devel-
opment Inventories (CDI), the median number of 
words comprehended by 16-month-olds was 169, 
whereas the median number produced was only 40. 
This trend has been confirmed by controlled tests of 
comprehension and production. Because word recall 
is more difficult than word recognition, productive 
vocabulary remains smaller than comprehension 
vocabulary over the life span.

Once children have begun to utter words, they add 
new ones to their productive vocabularies at a slow 
rate, typically one or two per week. For the average 
English-speaking child, about half of these words are 
general nominals (e.g., doggie, milk, or ball), and the 
next most common types are specific nominals (e.g., 
Mommy) and action words (e.g., out [as a request] 
and eat). The child also adds a small number of modi-
fiers (e.g., dirty or mine), function words (e.g., what), 
and personal-social words (e.g., bye-bye and no).

Early comprehension vocabularies show a simi-
lar composition, except that action words are more 

frequent. It is not uncommon for younger 1-year-olds 
to be able to respond to requests, for example, to give 
or look, but not produce these words themselves. One 
explanation is that they initially represent the words’ 
meanings solely in terms of self-produced action. 
Also, although 1-year-olds are commonly asked to 
name things, as when looking at picture books, they 
are rarely prompted to name an action. Most verbs 
they hear are used to either request or anticipate their 
performance of an action.

Although nouns tend to outnumber verbs in early 
productive vocabularies, there is considerable indi-
vidual and cross-linguistic variability. For example, 
toddlers acquiring English, Italian, and Hebrew tend 
to produce more nouns than verbs, whereas those 
acquiring Mandarin, Korean, and Japanese tend to 
produce similar numbers of nouns and verbs. Even in 
the languages in which nouns tend to dominate early 
vocabularies, some children initially learn to produce 
as many verbs as nouns.

According to Dedre Gentner, nouns often domi-
nate because universal perceptual processes make 
the reference and meaning of object labels clearer 
than the reference and meaning of most verbs. On 
the other hand, the considerable individual and 
cross-linguistic variation in noun-to-verb ratios is 
likely attributable to variation in input. For example, 
child-directed speech in English tends to contain a 
greater frequency and greater variety of nouns than 
verbs, fewer morphological markings on nouns than 
on verbs, and more utterances that end with a noun 
than with a verb. In contrast, child-directed speech 
in Mandarin favors verbs on all these dimensions. 
Regarding individual differences within English, one 
study found that the frequency of noun types and 
tokens in a mother’s speech during toy play with her 
1-year-old was positively correlated with the propor-
tion of nouns in the child’s vocabulary.

The rate at which children add words to their pro-
ductive vocabularies typically accelerates over the sec-
ond year. The acceleration is so sharp for most chil-
dren that it has come to be known as the vocabulary 
spurt. However, a substantial minority shows only 
a gradual increase in acquisition rate or none at all. 
There is evidence that nearly all of those who show a 
spurt in word production also show one in compre-
hension of object names at roughly the same time.

Researchers disagree about why the acquisition rate 
increases. Several have proposed that the increase is at 
least partially due to children having an insight about 
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the way language works. For example, the child may 
realize, like Helen Keller, that every object has a cat-
egorical name, which in turn, motivates learning what 
these names are. On the other hand, an accelerating 
acquisition rate can be modeled by computer simula-
tions that do not posit such an insight. One model, 
developed by Bob McMurray, simply assumes a nor-
mal distribution of the amounts of time needed to 
learn various words. Acquisition accelerates because 
there are fewer words in the left tail than toward the 
middle of such a distribution.

The	Whole	Object	Bias
When a speaker’s gaze or pointing indicate that he or 
she could be using a novel word to refer to an object, 
the child must decide whether the word is actually 
a name for the whole object rather than a name for 
its substance, one of its parts, or something else alto-
gether. From an early age, a strong bias to interpret 
the word as a name for the whole object is evident. 
Children are more likely to misinterpret names for 
properties (e.g., This is a daxish one) or substances 
(e.g., This is some dax) as names for objects than to 
make the opposite error. This whole object bias may 
derive from the salience of individual objects in per-
ception or thought or may just be the result of learn-
ing the kinds of situations in which words for differ-
ent kinds of entities are used. For example, children 
may learn that, when one encounters an unfamiliar 
kind of object, the first novel word that is heard in 
apparent reference to it is almost always a name for 
the whole object.

As already noted, object labels and acts of object 
labeling are more prominent in the input to children 
in some cultures than in others. This variability affects 
the range of the whole object bias. For example, 
although Korean- and Japanese-speaking children 
show as strong a bias as English-speaking children 
when the object involved has a complex structure, 
they are more likely to make substance interpreta-
tions when the object is simple and made of moldable 
material.

The	Categorical	Interpretation	of	Object	Labels
The child who decides that some novel label is a name 
for some novel object must decide how to represent 
the label’s meaning. That is, he or she must determine 
what about the object is highlighted or expressed by 
the label. From an early age, children tend to take 
object labels to denote categories rather than single 

individuals. They may even disregard linguistic cues 
supporting the latter kind of interpretation (e.g., This 
is Dax.). The very presentation of a label has been 
shown to increase the tendency of infants to think 
about an object as representative of a category rather 
than as an individual thing. Labeling invites categori-
cal thinking about an object.

Children need to align the categories that they 
assign to various object labels with the labels’ con-
ventional categories. This process involves adjusting 
a label’s extension, or a set of all things to which the 
label can be applied, as well as its intension, or the 
properties that determine, or are at least diagnostic 
of, membership in the category. These two types of 
adjustments are related. For example, a child who is 
corrected for calling a wolf doggie is not only likely 
to correct his or her beliefs about the extensions of 
dog and wolf but also to increase the importance of 
properties that the child believes may distinguish 
dogs from wolves (e.g., whether it can be tamed) in 
the intensions of these terms.

From an early age, children are disposed to gener-
alize a hidden property from one object to another 
if they determine, based on labeling or other infor-
mation, that the objects belong to the same category. 
For example, if told that a novel object is a “zav” and 
shown that squeezing it makes it squeak, 1-year-olds 
are unlikely to squeak a dissimilar-looking object 
unless they are told that this object is also a “zav.” 
Susan Gelman and colleagues have made several 
important discoveries about this effect of labeling and 
categorization. The effect is generally stronger for nat-
ural kinds than artifacts and does not hold for prop-
erties unrelated to category membership (e.g., fell on 
the floor, dusty). The reverse effect is not as strong; 
that is, telling children or adults that two objects have 
the same hidden property only causes a small increase 
in their tendency to decide that the objects have the 
same name.

Young children are more likely than older ones to 
make label-extension errors, sometimes overextend-
ing (e.g., calling a van a car) and sometimes under-
extending (e.g., not accepting that a butterfly is an 
animal). However, even 2-year-olds’ correct acts of 
label production or comprehension greatly outnum-
ber their incorrect acts. One reason is that, when 
interpreting a novel object label, they tend to focus on 
many of the properties that are important in the con-
ventional interpretations of object labels. For exam-
ple, for common artifact categories (e.g., shoe, fork, 
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or ball), members tend to have the same shape but 
not the same texture. In contrast, for common animal 
categories (e.g., dog, fish, or bird), members tend to 
have both shape and texture in common. When gen-
eralizing a novel label, 2-year-olds tend to rely more 
on shape than texture if the object is an artifact but 
not if it is an animal. The tendency for a child’s inter-
pretation of an object label to depend on ontological 
category (e.g., artifact versus animal) increases over 
the preschool years.

Considerable research has focused on the role that 
shape and function play in children’s interpretation of 
labels for artifacts. One paradigm involves teaching a 
novel label for a novel artifact while demonstrating its 
function and then asking the child to decide whether 
the label can be applied to an object of the same shape 
that cannot perform the function versus an object of a 
different shape that can perform the function. Gener-
ally, the older the child, the more likely he or she is to 
choose the function match. A similar trend is evident 
in children’s decisions about the extension of familiar 
labels (e.g., hammer).

Explanations for this developmental trend dif-
fer. Some argue that young children have learned to 
rely more heavily on shape because it is more eas-
ily detected than the function that an object has 
been designed to serve. Only shape may be apparent 
from a quick glance at an object. Older children give 
greater weight to designed function because they have 
learned that this property is a more reliable indica-
tor of whether a familiar label applies to an artifact. 
Others propose that even very young children con-
sider designed function to be more important than 
shape to the meaning of artifact labels but tend to 
fail to show this in label-generalization experiments 
for other reasons, such as not accepting that a dem-
onstrated function is the function that an object was 
designed to serve, failing to represent the functions of 
test objects accurately, or making generalization deci-
sions impulsively. 

The	Category	Boundary	Problem	for	Object	Labels
Category boundaries pose a problem that cannot be 
solved by children’s general biases for interpreting 
object labels. For example, when deciding whether 
a particular sea creature is a fish, a young child will 
focus on how similar the shape, texture, and behavior 
of the creature are to those of known fish. However, 
the child is likely to be uncertain whether some bor-
derline creatures are similar enough with respect to 

these properties to be considered fish. Bayesian theo-
rists have proposed that children solve this problem 
by keeping track of how variable these properties are 
in the things that they hear called by a label (i.e., the 
label’s attested exemplars). By inferring the variability 
of a feature in a population from its variability in a 
sample, children could develop broad label extensions 
for general terms (e.g., animal or tool) and narrow 
label extensions for specific terms (e.g., cardinal or 
ball peen hammer).

Children’s resolution of the category boundary 
problem may be guided by over-hypotheses or gen-
eral ideas about how words and their meanings are 
organized. According to Ellen Markman and William 
Merriman, one such over-hypothesis is the mutual 
exclusivity principle, which stipulates that words 
tend not to have exemplars in common. A related 
claim advanced by Eve Clark is the contrast prin-
ciple, which posits that different words never have 
exactly the same meaning. The latter follows from 
a more general pragmatic principle that a speaker 
who uses two different forms, even for the same 
referent, never intends the forms to convey exactly 
the same message. Consistent with these proposals, 
several studies have shown that introducing a novel 
label for an object that is on the boundary of a famil-
iar category reduces children’s tendencies to accept 
the familiar label for it. Also, if shown an unfamiliar 
and a familiar kind of object and asked which one is 
called by a novel label (e.g., “Which one is a ‘zav’?”), 
even very young children tend to select the unfamil-
iar object.

Children may keep an object in a familiar label’s 
category even after hearing it called by a novel label if 
other factors favor keeping it there. For example, from 
an early age, if told outright that a novel and a familiar 
label overlap (e.g., “An eel is a fish”), they will accept 
both labels for the object. However, if not told about 
the relation between the labels, and the object looks 
like a typical exemplar of the familiar label, they may 
accept the familiar label and reject the novel one or at 
least have difficulty retaining the information about 
the novel label. Children are more likely to accept and 
retain the novel label information if some property of 
the object that has never been observed in exemplars 
of the familiar label is highlighted. In one study, for 
example, toddlers who insisted that a funnel was “a 
cup, not a funnel” (a new label) were persuaded oth-
erwise when they saw what happened when liquid was 
poured into it.
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Acquisition	of	Nouns	That	Are	Not		
Categorical	Object	Labels
Even though young children sometimes misinterpret 
names for parts or substances as names for objects 
and misinterpret proper names as categorical names, 
they do not always make these errors. Also, when 
these errors occur, they do not last long. The mutual 
exclusivity bias may help them to avoid such errors. 
Several studies have shown that young children are 
more likely to interpret a novel label as a name for an 
object’s part or substance, or as a proper name, if they 
already know a categorical label for the object. Second, 
as Paul Bloom and colleagues have emphasized, chil-
dren learn the differences between mass-noun, count-
noun, and proper-noun syntax, which can help them 
to infer whether a novel name is a name for a category 
of stuff (e.g., wood or rice), a name for a category of 
individuals (e.g., car or puddle), or a proper name. 
In English, for example, the syntactic frames piece of 
___ or some ___ are reserved for categorical names for 
stuff (mass nouns), whereas part of a/an ___ or some 
___–s (plural inflection) are reserved for categorical 
names for individuals (count nouns). The process of 
inferring information about the meaning of a word 
from its syntactic context is known as syntactic boot-
strapping. Even 1- and 2-year-olds show some ability 
to draw such inferences. Finally, children eventually 
learn how to interpret language that directly expresses 
the relation between an object and a part (e.g., It has 
an antenna), an object and its substance (e.g., It is 
made of Styrofoam), or an object’s categorical identity 
and its proper name (e.g., This boy’s name is Sam).

Relational nouns, such as uncle, barrier, or island, 
do pose a problem. These are nouns that denote a cat-
egory of entities that are each involved in the same 
kind of relation to other entities. For example, bar-
rier refers to an entity that blocks some object or actor 
from a goal. It may be an object but need not be (e.g., 
sound barrier). According to Dedre Gentner and col-
leagues, learning a relational noun is difficult because 
children tend to consider an object’s intrinsic proper-
ties, such as its shape or texture, to be more relevant 
to the meaning of a noun than the object’s external 
relations. Young children often misinterpret relational 
nouns as expressing intrinsic properties (e.g., believ-
ing that any man who is older and kindly is an uncle).

Exposure to uses of a relational noun that do not 
fit the child’s understanding of it may help the child 
to discover the noun’s correct meaning. For example, 
a child may revise his interpretation of uncle after 

finding out that a classmate has an uncle who is only 
10 years old. Such experiences are likely to be even 
more helpful if someone justifies the unexpected use 
(e.g., He [the classmate’s 10-year-old uncle] is the 
mom’s younger brother). Hearing a relational noun 
used for entities that are not objects may also be 
instructive. For example, being told things such as 
“Failure to go to college is a barrier to success” may 
help a child to understand the abstract relation that 
barrier expresses.

Collective nouns, such as team, family, and group, 
refer to groups of entities rather than individuals. 
Children’s whole object bias can undermine their 
acquisition of such terms. In one investigation, after 
hearing a novel collective noun used for a group of 
objects (e.g., This is a fendle), then asked to decide 
whether the noun applied to an individual from the 
group or to the group itself, preschoolers chose the 
individual in about a third of the trials. Other chil-
dren who were given this test after hearing a novel 
count noun used in plural form for the group (e.g., 
These are fendles) did not show as great a tendency to 
make the opposite error of mapping the singular form 
of the noun to the group. Exposure to language that 
clearly distinguishes the identity of a group from the 
identity(ies) of its members (e.g., Our family has two 
girls and one boy) may help children to interpret col-
lective nouns correctly.

Acquisition	of	Verbs
Novel object labels are commonly introduced as part 
of ostensive definitions, which are easy for even tod-
dlers to understand. Someone establishes joint atten-
tion with the child regarding an object and says, “That 
is a(n) ___.” In contrast, ostensive definitions of action 
verbs (e.g., jointly attending to an action and saying, 
“He/she/it is ___–ing”) are quite rare in input. Novel 
verbs are presented in a variety of speech acts, and the 
intended referent of the verb is often not even present 
when the verb is uttered. In fact, 2-year-olds tend to 
find it easier to learn a verb when it is presented for an 
impending or completed action rather than an ongo-
ing action, perhaps because the latter requires divid-
ing attention between simultaneous events (i.e., the 
action and the utterance about it).

Pragmatic theorists such as Michael Tomasello and 
Jerome Bruner have argued that social routines help 
children to identify the action that a verb is intended 
to designate. For example, many infants develop 
a representation of the events that typically occur 
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whenever Mom announces, “It’s bath time!” This rep-
resentation may help to interpret verbs such as wash, 
splash, and dry off, which occur in predictable spots 
in the routine. Also, once the child has learned words 
for predictable aspects of the routine, these can be 
used to identify the unpredicted aspects that are being 
denoted by novel words. For example, suppose soap 
gets in the child’s eyes, and Mom says, “Did you get 
soap in your eyes? That stings, doesn’t it?” Assuming 
the child knows what soap and eyes are, the child is 
likely to get some sense of what sting and get (some-
thing) in mean.

Even 2-year-olds can draw inferences about the 
reference and meaning of a verb from various social 
cues. In one study, an adult held up an object and 
announced, “Let’s go plunk it.” In one condition, she 
performed a deliberate action on the object and said 
“There,” then performed a clumsy action on it and 
said, “Whoops!” In another condition, the order of 
actions was reversed. In both conditions, when asked 
to plunk the object, the toddlers performed the action 
that had been marked as intentional. Another study 
demonstrated that toddlers can determine whether a 
novel word refers to an action or an object by apply-
ing their knowledge that people tend to comment on 
whatever is new in discourse. An adult said, “Modi,” 
just as she performed a novel action on a novel object. 
In one condition, only the action was new to discourse 
because the adult had just performed several other 
actions on the object. In another condition, only the 
object was new to discourse because the adult had just 
performed the target action on several other objects. 
In both conditions, the toddlers took modi to refer to 
whichever element was new to discourse.

A major source of information that helps children 
decipher the meaning of a verb is the syntactic or 
morphological structure in which the verb occurs. In 
a classic demonstration, 2-year-olds watched a video 
in which a duck and a rabbit repeatedly moved their 
left hands in unison as the duck forced the rabbit to 
squat. In one condition, a novel verb was presented in 
a transitive sentence (The duck is gorping the bunny). 
In another condition, it was presented in an intransi-
tive sentence (The duck and the bunny are gorping). 
The two actions were then separated so that one 
screen showed the duck forcing the bunny to squat, 
and the other showed the duck and bunny moving 
their left hands in unison. When asked to find gorp-
ing, children in the transitive condition looked mostly 
at the causal (forcing) action, whereas those in the 

intransitive condition looked mostly at the synchro-
nous action. Subsequent research has shown presen-
tation of a novel verb in multiple syntactic construc-
tions can help young children to further pinpoint the 
meaning of the verb.

Syntactic bootstrapping processes are so powerful 
that the presentation of a familiar verb in a structure 
that is only grammatical for related verbs can compel 
young children to reinterpret the verb. For example, 
if asked to use toy animals to demonstrate The camel 
comes the elephant to the ramp, preschool children 
will have the camel bring the elephant to the ramp, 
but older children will not. There are limits on this 
effect, however. Presentation of a familiar action verb 
in a syntactic frame reserved for cognitive verbs (e.g., 
The camel comes that the elephant is going to the ramp) 
would not cause a preschooler to reinterpret the verb.

Acquisition	of	Adjectives
By 24 months, most children have not only acquired 
adjectives for physical properties (e.g., big and dirty) 
but also ones for psychological qualities (e.g., bad and 
happy). They can also learn the meaning of a novel 
adjective for a physical property from a brief exposure 
when the adjective either modifies a familiar object 
name (e.g., This is a blick horse) or is predicated of 
one (e.g., This horse is blick). The familiarity of the 
name for the object helps to convey that the adjec-
tive refers to a property of the object, not to the object 
itself. Also, the name can offer guidance in identifying 
the property that the adjective denotes. This property 
is likely to be one that distinguishes the object from 
other members of the named category. For example, 
the property of a horse that is picked out by blick horse 
is unlikely to be that of having four legs or a mane.

Although they have some ability to identify the 
property that a novel adjective denotes, children under 
4 years old have difficulty generalizing an adjective 
that they have heard applied to only a single, isolated 
object. For example, if told that a cup with holes in it 
is a drin cup, and then asked to decide which of two 
other objects is drin, they will tend to select the one 
with holes if both objects are cups but not if both are 
instances of another category (e.g., plates).

The opportunity to compare or contrast exemplars 
can help children to identify and generalize the prop-
erty denoted by an adjective. For example, if shown 
two objects that differ only in a single property (e.g., 
texture), and told that one is blick, even very young 
children will tend to decide that blick refers to the 
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distinguishing property. Likewise, if shown three 
objects that share only one property (e.g., a white 
toy car, a white cup, and a white toy pig), and each is 
described by the same novel adjective (e.g., someone 
tells them, “This is a blick car/cup/pig.”), even 2-year-
olds will tend to decide that blick refers to the shared 
property. Similar processes have been demonstrated 
in their verb learning (e.g., noting that the various 
actions referenced by some verb involved the same 
manner of motion). Just as with object labels, these 
compare and contrast experiences tend to be less 
effective if a child already uses some other word to 
express a novel word’s meaning.

By age 3, children interpret common adjectives 
appropriately in a variety of contexts. For example, 
they will judge that a small glass is big for a tiny doll 
but little for a large doll. They will pick out the larger 
of two objects when asked, “Which is big?” even if both 
are small in a normative sense (e.g., both are small 
socks). They also understand that not all adjectives 
work this way. For example, if two objects have spots 
but one has more spots than the other, they will not 
favor one over the other when asked, “Which is spot-
ted?” However, they are prone to certain errors, such as 
picking the taller but smaller of two rectangles when 
asked for the big one or picking the longer but less 
numerous row of beads when asked for the row that 
has more. These types of errors become less frequent 
as children acquire a better grasp of the conceptual dif-
ferences between related physical dimensions (e.g., an 
object’s overall extent versus its vertical extent).

Acquisition	of	Other	Types	of	Words
Children’s acquisition of adverbs, prepositions, pro-
nouns, quantifiers, and other types of words is influ-
enced by many of the processes already described. 
Given the relational nature of these words’ meanings, 
their acquisition is particularly affected by processes 
such as syntactic bootstrapping, reasoning about 
speaker intention, comparing and contrasting the 
attested exemplars of a word, and assuming that novel 
words express new meanings.

William E. Merriman
Kent State University
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Lexical	Innovations
Lexical innovations are words a speaker coins that 
are not conventional in that speaker’s language. For 
example, a preschooler coined the word ungravified in 
the context of a conversation about astronauts return-
ing from space. A different preschooler explained to 
his parent that a toy operates by means of batteryca-
tion. Children’s use of lexical innovations provides 
evidence that they have some knowledge of word-
formation processes in their language. Innovations 
are assumed to reveal productive, general knowledge 
of these processes (as contrasted with rote learning 
of individual words) because the children have not 
heard those usages previously. Lexical innovations 
reflect knowledge of such word-formation processes 
as compounding, conversion, and affixation. They 
also demonstrate children’s developing concepts of 
the internal structure of words. Researchers investi-
gate children’s spontaneous and elicited productions 
of lexical innovations. Children typically produce 
innovations based on more productive and simpler 
word-formation rules earlier and more frequently 
than innovations based on less productive and more 



 Lexical Innovations 351

complex rules. This trend is observed in children 
learning English, German, French, Polish, Hebrew, 
and other languages.

A variety of word-formation devices are poten-
tially available to children. In English, these include 
the following, with definitions and examples of lexical 
innovations preschoolers produced spontaneously:

• Compounding: Two or more bases are com-
bined and form a single word, for example, 
bubble-hair (1;10.10, a person with curly 
hair), corn-butter (2;10.30, margarine made 
from corn oil)

• Conversion (or zero derivation): A word is 
adapted to a new word class without any 
changes, for example, to horn (2;11.2, blow a 
horn at), grabs (3;6.22, objects with which to 
grab frogs)

• Affixation (or derivation): A prefix or suffix 
is added to modify a base semantically or 
grammatically, for example, sworder (3;10.5, 
swordsman), unfilled (2;10.8, empty)

• Compounding with affixation: For example, 
building-crasher (3;6.26, a rock that demol-
ishes buildings), gun-shooter (4;7, a type of 
gun)

Quite aside from relatively formal conventions, 
children can also draw upon their familiarity with 
onomatopoeia (e.g., poonked, 3;2.29, to describe the 
action of removing a bottle cap) or silly, playful lan-
guage such as that found in children’s books (e.g., Do 
you know what shlom is? . . . A thing that crawls and 
crawls like a potato, 3;2.26).

Initially, young language learners do not apprehend 
these devices. They encounter words and store them in 
memory. At some point, they have sufficient instances 
to begin to analyze their structure. As in other 
domains of language, children start to extract gen-
eral patterns along with the classes of words to which 
they can apply. Those patterns are then available to be 
used in comprehending and producing both familiar 
and novel nouns, verbs, adjectives, and adverbs. That 
is, new words are formed from known words and 
from patterns found in a given language. Innovations 
often appear early in the second year and increase in 
number and variety into the school-age years. For-
mal experiences with literacy appear to be required 
for children to acquire certain morphologically and 
lexically restricted forms. One might expect children 

to utilize more productive (and thus more accessible) 
word-formation devices and devices that are structur-
ally simpler earlier and more often than those that are 
less common or more complex. Evidence from experi-
mental studies in which researchers elicited innovative 
nouns and verbs supports this prediction.

Not surprisingly, English-speaking children pro-
duce novel conversions (verbs converted from nouns, 
e.g., to flag, wave like a flag) and noun compounds 
(e.g., plant-man or open-man) before they employ 
compounding with affixation (e.g., puller-wagon or 
throwing-ball). The most productive agentive suffix, –
er, is the one used earliest and most frequently, and the 
diminutive –ie (often heard in child-directed speech) 
is also quite common. German 2- and 3-year-olds pro-
duce more innovative compounds and derived words 
and produce them earlier than innovative conver-
sions. In German, compounds are highly productive, 
whereas conversions are less common and require the 
addition of at least an inflectional ending or change 
in stem vowel. Young French-, Polish-, and Hebrew-
speaking children more frequently use affixation than 
less productive compounding. In other words, the 
complexity and availability of word-formation rules 
are reflected in children’s lexical innovations.

It should be noted that these findings are generally 
true of children. There are many individual differ-
ences in when children begin producing innovations 
spontaneously and in the extent to which they pro-
duce innovations.

There are a number of reasons children produce 
lexical innovations. Some fill lexical gaps when chil-
dren have forgotten or do not know a conventional 
word (if there even is one). They can serve to com-
municate distinctions among subtypes of a category. 
Innovations can also be more playful in nature. Young 
children are not necessarily consciously producing 
words they recognize to be innovative but may be 
implicitly following language rules that are available to 
them at the time. Many innovations could be conven-
tional words but are not (e.g., bicycler could logically be 
used instead of the more conventional bicyclist) or are 
meaningful in context in the absence of a conventional 
term (e.g., crackering to refer to the action of breaking 
crackers into soup). In fact, nonnative listeners have 
difficulty recognizing many innovations as noncon-
ventional because they are structurally well formed. 
Other innovations (e.g., benext, 3;5.3, to describe the 
location of a lost toy relative to a tree) could be the 
result of children’s retrieval errors. Even in these cases, 
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children can only retrieve and generalize information 
about language that they already possess. 

Judith Becker Bryant 
University of South Florida
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Linguistic	Tonal	Systems
Languages that have tone make use of manipulations 
in pitch height and pitch contours to change the 
meanings of words and sentences. Whereas in Eng-
lish, rising and falling pitch contours over a single 
word are associated with focus, in lexical tone lan-
guages, these changes can alter the meaning of the 
word. In languages with grammatical tone systems, 
such modifications could entail changing the tense 
of the sentence from present to past. Tone languages 
are spoken by a majority of the world’s population 
and include most of the languages in Asia and Africa. 
Chinese is one of the most well-known lexical tone 
languages with the largest population of speakers. 
Despite the pervasiveness of tone languages, rela-
tively little is known about the acquisition of tones 

compared to other phonological contrasts (i.e., vow-
els and consonants).

Most of what is known about the acquisition of 
tonal systems comes from studies of the Chinese 
family of languages. Mandarin, the official language 
in China, has a four-tone system with one level and 
three contour tones; High Level (maā: mother), Ris-
ing (má: hemp), Dipping (maā: horse), and Falling 
(mà: reprimand). All four tones appear in the pro-
ductions of Mandarin-speaking children by the one-
word stage of development. However, according to 
C. N. Li and S. A. Thompson, confusion between the 
Rising and Dipping tones continues into the two- to 
three-word stage, finally disappearing as longer sen-
tences are produced. Mandarin also has processes 
of tone sandhi, where the underlying tones change 
when they occur in a certain context. When two Dip-
ping tones occur in succession, the first one becomes 
a Rising tone, and when the Dipping tone is followed 
by any other tone, it becomes a half tone (does not 
rise after the initial drop in pitch). 

Tone sandhi begins to be acquired by the two- three-
word stage with few errors. Thus, tonal acquisition is 
acquired rapidly compared to the more-protracted 
acquisition of Mandarin vowels and consonants, 
which are reported by Z. Hua and B. Dodd to be fully 
acquired by around 4 to 6 years, when children begin 
to produce more complex sentences. The picture for 
Cantonese (spoken in southern China), is similar, with 
most children mastering the more complex, six-way 
tonal contrasts by the age of 2. This includes three-level 
tones (High: level high pitch; Mid: level mid pitch; and 
Low: level low pitch), two rising tones (High-Rising: 
begins at mid-pitch rising to high; and Mid-Rising: 
begins at low pitch rising to mid-high), and one falling 
tone (begins at mid-pitch falling to low). 

Cantonese-speaking children acquire the High and 
Mid level tones first, followed by the High-Rising and 
Low level tones, with Low-Rising and Falling tones 
acquired last, explains L. K. H. So and B. J. Dodd. 
Again, tone acquisition is completed early (around 2 
years) compared to segments (around 4 to 6 years for 
consonants and vowels). The same early acquisition 
of tone is also observed in other Asian languages. The 
Thai tonal inventory contains three level tones (High, 
Mid, and Low) and a Rising and a Falling tone. In a 
case study of a Thai-speaking child by P. Tuaycharon, 
all five tones were present by the two-word stage. 
From the one-word stage, Mid and Low level tones 
emerged and were used to substitute for High level 
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and Rising and Falling tones. This was followed by the 
emergence of the Rising tone and then the High level 
and Falling tones.

Unlike Asian tone languages, African tone lan-
guages generally have a smaller tone inventory but 
have much more complex tone sandhi rules that 
often have a heavy syntactic or semantic function. 
For example, the Nigerian language Yoruba has only 
three tones, High, Mid, and Low, but has a rule that 
changes High and Low tones into Rising and Falling 
tones and another rule that changes a Low tone verb 
to a Mid tone before an object. In Bantu languages 
such as Sesotho, where lexical tone interacts with 
syntax and semantics as well, lexical tones are again 
acquired early, but tone sandhi rules are acquired only 
by 3 years or later, as children learn more about the 
grammar of the language, according to K. Demuth.

While data on tone acquisition is still very limited, 
what emerges is that (1) simple tone contrasts are 
typically acquired early, (2) simple tone contrasts are 
acquired earlier than more complex contour tones, 
and (3) tone sandhi rules are later acquired. The order 
in which tones are acquired may depend on the type 
and number of tonal contrasts and tone sandhi phe-
nomena in a given language. For example, in both 
Cantonese and Thai, the Falling tone is among the last 
to be acquired. On the other hand, the Falling tone is 
acquired early in Mandarin, and it is the Rising and 
Dipping tones that are acquired last. These different 
acquisition patterns may be due to differences in the 
sizes of the tone inventories and the tone sandhi rules. 
Much more research into the acquisition of differ-
ent types of tonal systems, including studies of both 
perception and production, are needed to more fully 
understand how and when these tonal phenomena are 
learned and what constitutes normative development.

Nan Xu Rattanasone
Katherine Demuth

Macquarie University
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Literacy	Effects	on	
Cognitive	Development
The cognitive effects of literacy have been debated since 
Plato, some claiming that writing extended memory, 
others, including Plato, arguing that it eroded memory. 
In the 17th and 18th centuries, writers such as Fran-
cis Bacon, Jean-Jacques Rousseau, and Auguste Comte 
took writing and the alphabet to be the hallmark of 
civilized thought and civilized society. But, it was only 
in the 20th century that writers including Walter Ong, 
Eric Havelock, Jack Goody, and Marshall McLuhan 
advanced more precise theories about writing, literacy, 
and cognitive and social change. Psychologists such as 
S. Scribner, M. Cole, D. R. Olson, C. Snow, and S. Heath 
were among the first to formulate and test more spe-
cific claims about the cognitive implications of literacy.

Literacy	as	Social	Practice
One important tradition derived from the sociocul-
tural writings of Lev Vygotsky examines the uses of 
literacy in various cultural and historical contexts. 
B. Street, J. Gee, Scribner, and Cole found that it is 
difficult to generalize across the variety of important 
roles writing plays in many cultures. They suggest that 
it is better to examine just how literacy functions as 
part of a social practice in each society rather than 
to search for generalizations about cognition and lit-
eracy across cultures.
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Like language, writing is a social practice built on 
rules and conventions that learners master in becom-
ing literate in any society. Literacy learning in a mod-
ern society, implemented through the school, has 
demands and effects that are widely documented and 
highly generalizable. Psychologists have examined the 
cognitive processes that are involved in learning to read 
and have focused primarily on learning the alphabet. 
The critical finding is that the learners must map a set 
of visual letters onto the phonology of their speech. 
This competence, known as phonological awareness, 
derives in part from learning the sounds associated 
with letters, on one hand, and from learning to analyze 
the sounds of their own speech into discrete categories 
on the other hand, as shown by work by E. Ferreiro, A. 
Teberosky, L. Ehri, L. Wilce, M. J. Adams, and others. 
Such metalinguistic knowledge is not merely develop-
mental but rather a consequence of literacy as stud-
ies comparing adults with and without experience in 
reading by J. Morais, J. Alegria, and A. Content and by 
C. Read and colleagues have shown.

Literacy	as	a	Mode	or	Register	of	Language
Acquiring schooled literacy is more than learning to 
recognize printed words and includes higher-order 
structures also represented in the writing system such 
as words, sentences, paragraphs, and structured forms 
or genres of written discourse. R. Hayes and L. Flower, 
R. Berman and D. Ravid, and C. Snow and P. Uccelli 
have shown in different ways how students learn to 
master such structures such that, eventually, writ-
ing becomes superior to oral discourse as a means of 
thinking through complex problems.

Some scholars such as A. Clark and E. Hutchins 
have recently begun to examine the ways that writing 
serves as an extension of or an externalized addition 
to the mind. Writing is widely recognized as playing a 
distinctive role in mathematical computations (such 
as finding square roots) on paper and in formulat-
ing scientific and political documents. In this view, 
thinking occurs not only in the mind but in the mind 
in conjunction with the technologies of the intel-
lect. Writing is seen as a means for putting into the 
environment structures such as visible marks that 
allow one to solve complex problems by perceptual 
means rather than through abstract reasoning. In 
part, learning to be literate is learning to use these 
resources to construct forms of extended discourse 
in what D. Biber describes as the written register, 
that distinctive form of language common to science, 

literature, philosophy, and government of advanced 
modern societies.

Literacy	and	Conceptions	of	Language
Another line of cognitive research has been concerned 
with the ways in which learning to read and write and 
to deal with written documents alters readers’ concep-
tions of their oral language. Vygotsky had argued that 
writing brought awareness to speech, giving it a dis-
tinctive degree of abstraction and control. It is widely 
agreed that writing brings into awareness the units of 
speech explicitly represented by the script, syllables for 
the Vai, morphemes for Chinese, and phonemes for 
readers of alphabets. But, does it have a similar effect 
on the consciousness and concepts of other aspects 
of language? Word, sentence, and discourse awareness 
are central themes for a broad range of developmental 
psychologists.

Pre-reading children exhibit a broad range of 
awareness of their own and others’ speech in the 
repairing of their own and others’ mistakes in speak-
ing. Children as young as 2 years have been shown 
to make corrections to the phonological, lexical, and 
syntactic forms of their own and others’ utterances, 
ask questions about the meaning of words, generalize 
rules, and so on, as summarized by W. E. Tunmer, C. 
Pratt, and M. Herriman, and R. Grieve. On the other 
hand, J. Piaget, E. Bialystok, B. Homer, and D. R. Olson 
have shown that preliterate children neither possess 
the concept of word nor systematically decompose 
sentences into isolated words or are they able to delete 
words from sentences. Hence, researchers distinguish 
simple awareness from metalinguistic awareness, the 
possession of concepts for explicitly thinking about 
properties of the code. Equipped with a concept of 
a word, children come to recognize that even such 
words as of and in are separate words. There is a close 
relation between awareness of phonemes, concepts of 
words, and learning to read as shown by D. Veldhuis 
and J. Kurvers.

An equally large body of literature indicates that it 
is only in the process of learning to read and write that 
children develop a more comprehensive consciousness 
of the linguistic forms of their speech. Writing, Olson 
argued, provides a model for thinking about one’s 
speech. Evidence for the claim comes not only from 
the lack of phonological awareness but also from other 
types of linguistic awareness, such as E. Robinson, H. 
Goelman, and D. Olson’s findings that pre-reading 
children fail to distinguish what was said from what 
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was meant and from what was entailed. M. Doherty 
and J. Perner found that pre-reading children had dif-
ficulty manipulating synonyms. 

Children tend to sacrifice the strictly literal mean-
ing of an expression for its more contextually plausi-
ble meaning. M. Donaldson showed that schooling is 
critical to learning to pay scrupulous attention to the 
very words of an expression. C. R. Beal read children 
the following story: “Cindy’s family went to the beach. 
Cindy made a sand castle. The waves were big that 
day. Her sand castle got smashed. Her father helped 
her make another one.” When asked if the story said 
that the waves smashed the castle, they tended to reply, 
“Yes.” That is a plausible inference but not what was 
actually said.

Literacy	as	a	Specialized	Mode	of	Thinking
The study of language comprehension conflates lan-
guage competence with literacy competence, that 
is, the ability to understand language generally as 
opposed to mastering the more precise and technical 
properties of the written register. Tasks that require 
attention to the lexical and logical properties of par-
ticular expressions are more properly seen as measures 
of literate rather than oral competence, even if this 
competence eventually shows up in speech. Of par-
ticular importance are definitions of terms including 
the logical connectives and, or, not, and if–then and 
quantifiers such as all and some. While these terms are 
learned by quite young children, the ability to attend 
specifically to them and to work out the logical impli-
cations of such terms comes with literacy and the abil-
ity to attend to the literal as opposed to the contextual 
meaning. Piaget told children, “There are two ducks 
and three rabbits. Are there more rabbits or animals?” 
Young children tend to respond, “Rabbits.” Children 
treat or as a simple disjunction relating elements of 
the same conceptual class and interpret the question 
to contrast rabbits with ducks. Strict interpretation of 
relational terms comes with development and school-
ing, as shown by L. French and K. Nelson.

Olson has argued that much of the research on 
adult cognition, usually described in straightforward 
developmental terms, is better understood as a reflec-
tion of a higher degree of literacy and to the orienta-
tion to language that literacy entails. Some contempo-
rary research in the heuristics and biases tradition has 
shown systematic failures of reasoning among even 
well-educated adults. The reasoning tasks studied by 
D. Kahneman and K. Tversky play on the technical 

mathematical meaning of terms such as probability 
in contexts where ordinary, unsuspecting readers may 
assume that it is equivalent to its semantically related 
terms such as likely or plausibly. Careful reading (and 
listening) to the precise demands of an expression is 
precisely the use of language encouraged by schooled 
literacy, where definition and reasons prevail.

To understand the cognitive implications of liter-
acy, then, it is necessary to define literacy to include 
not only the ability to read and write but rather 
the ability to exploit the distinctive resources of an 
evolved written language, its words, its grammar, its 
punctuation, as well as ways of organizing informa-
tion in lists, tables, and extended discourse. Hence, 
literacy in a modern state requires that one have the 
ability not only to decode simple texts but to under-
stand the nature and uses of those texts—for litera-
ture, government, economy, science, and so on. Those 
aspects of literacy are, not coincidently, those empha-
sized by schools in a modern literate society.

Although some have urged a distinction between 
reading and schooling, that distinction is unsuited to 
examining the longer-term implications of literacy 
in that schooling can be seen as one long process of 
inducting children into a literate society, a society in 
which knowledge is essentially embedded in texts, 
where procedures are prescripted in manuals, and in 
which assessments are carried out through written 
tests. By acknowledging the pervasive nature of liter-
acy activities, it becomes clear that even the most basic 
assessments of ability are not culturally neutral but 
are indirect assessments of competence with a written 
language. Intelligence tests, for example, assess chil-
dren’s knowledge of the meanings of terms, of rela-
tions between terms such as synonyms and antonyms, 
and of the logical relations between statements in a 
discourse. In a word, they are tests of literacy com-
petence. Consequently, intelligence tests are of little 
use in assessing the mental prowess of people in non-
literacy societies and of limited use for children in a 
modern society who have limited exposure to the lit-
erate traditions of book reading and discourse about 
documents and texts.

A	Culture	of	Literacy
As literacy is so pervasive in modern societies, it is 
not clear where ordinary oral linguistic competence 
ends and literacy competencies begin. Almost all 
writing is immediately translatable into speech—
that is what reading aloud is—so most of what 
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one learns through literacy becomes available to 
some extent for use in oral language as well as vice 
versa. Furthermore, most of the properties brought 
into consciousness through writing and learning to 
read are explicit metarepresentational forms of the 
very structures implicit in speech. That is, children 
already know sounds, words, and grammar, and 
the knowledge they build up through oral speech is 
already organized in logical and hierarchical form. 
Literacy is largely a matter of making that knowl-
edge explicit and represented in categories suitable 
for more abstract, verbal thinking.

Historical studies of writing indicate that the inven-
tors of writing were largely unaware of the properties 
of the languages they spoke. The evolution of a full 
writing system was, inter alia, at the same time as the 
discovery of the properties of language and, conse-
quently, a new consciousness of the phonemes, words, 
and sentences in the language. Equipped with this 
new consciousness of language, early writers added a 
new form of discourse about language and meaning, a 
kind of discourse described as metalinguistic and cre-
ating in its wake a written register of language, a form 
of language in which precise wording and logic play 
central roles. Thinking about the words chosen and 
their implied relations in the form of reasons makes 
up a particular form of rationality.

Because writing systems differ across languages 
and writing plays many and diverse roles, Gee and 
others prefer to talk of literacies. Others prefer to 
subordinate writing to the diverse social roles writ-
ing can play in different societies and different his-
torical periods. C. Bazerman’s Handbook of Research 
on Writing is an important resource for examining 
the diverse, specialized forms or genres of writing 
that evolve to serve different functions.

Alternatively, one may attempt to isolate the spe-
cial qualities of writing qua writing, focusing on 
writing not as one tool among others but on the 
more specific functions writing has been found to 
be instrumental in by virtue of the simple fact that 
it is a visual symbolic system, elaborated over time, 
that preserves language through space and time. To 
account for these general effects of literacy on cogni-
tion, we may advance two quite general principles. 
First, writing turns words with contextual mean-
ings into definitions that are general across contexts 
and that are defined in terms of explicit normative 
standards—correct meaning and usage. And second, 
literacy through extended discourse encourages the 

practice of giving reasons, both in the form of causal 
links that connect aspects of discourse and in the 
form of explicit reasons for action and reasons for 
holding beliefs. This accountability for reasons is not 
only the hallmark of the school but of a written cul-
ture. Given these two principles, we can understand 
in part how a specific written register could evolve 
over centuries and that specific use of language could 
recruit a mode of thought based on scrupulous atten-
tion to language and to the giving of reasons.

Conclusion
Competencies shaped by literacy are reflected not 
only in the reasoning tasks that psychologists have 
studied experimentally but more generally in the 
tests widely used to measure intelligence, which we 
have noted rely heavily on a literate orientation to 
language, giving definitions, providing synonyms, 
and providing logical reasons. Literacy is so much a 
part of a modern society and of an articulate mode of 
thought—the giving of reasons—that it has become 
largely invisible to the literate. Recovering the dimen-
sions of modern literacy remains an important 
research endeavor.
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Literacy	Instruction	
Methods
There is a perfect storm brewing in literacy. Respond-
ing to a disturbing rise in the number of students strug-
gling to become literate, educators around the world 
are implementing unprecedented school reforms. At 
the heart of this reform in the United States are two 
initiatives that must converge seamlessly if all stu-
dents are to reach their literacy potential. Response 
to Intervention (RTI) and the Common Core State 
Standards (CCSS) should be viewed as complemen-
tary (versus competing) efforts. Both have the goal of 
increasing the effectiveness of literacy instruction in 
all classrooms. RTI is the legislative imperative urg-
ing school districts to use a system of early interven-
ing services to provide intervention to all children at 
risk for school failure. The CCSS are a state-led effort 
to define college and career readiness in literacy and 
mathematics. Taken together, the two initiatives have 
the potential to redefine instruction by identifying 
effective instructional methods. The same desire for 
standards-based instruction can be seen internation-
ally. There is growing momentum for the creation of 
an alliance aimed at greater collaboration, network-
ing, and partnership. One example of this movement 
is the work being conducted by the Alliance for Inter-
national Education (AIE). Through conferences and 
position papers, the AIE is attempting to promote 
international discussion about enhanced learning for 
all students.

Defining	Methods	for	Effective	Instruction
T. L. Harris and R. E. Hodges define a literacy 
method as a specific procedure for teaching one or 
more aspects of reading, writing, listening, speaking, 

viewing, or representing. These procedures embody, 
either explicitly or implicitly, an evidence-based the-
ory about how children learn language, transact with 
text, and interact with each other.

Several important attributes should be consid-
ered when selecting methods for literacy instruction. 
Regardless of grade level, the methods should (1) be 
evidence-based, (2) invite students into important, 
strategic behaviors, (3) allow for formative assessment, 
(4) be instructionally portable, and (5) be engaging.

First and foremast, methods selected for literacy 
instruction should be evidence-based. In other words, 
educators should be aware of research conducted to 
investigate or validate the methods. For example, one 
of the most evidence-based frameworks for compre-
hension instruction or intervention is A. S. Palinc-
sar and A. L. Brown’s reciprocal teaching. Reciprocal 
teaching is instructional dialogue between teachers 
and students regarding segments of text. This dialogue 
is structured by the use of four strategies: summariz-
ing, question generating, clarifying, and predicting. 
The teacher and students take turns assuming the role 
of teacher in leading this dialogue. The original recip-
rocal teaching research took place in the early 1980s 
and has since been the subject of numerous replica-
tion studies for both elementary and adolescent read-
ers. This type of research rigor should inform the 
selection of all literacy methods.

In addition to being evidence-based, literacy meth-
ods should cause students to be strategic. Research by 
P. David Pearson and Michael Pressley suggests that 
highly effective reading lessons are those that promote 
discussion, critical thinking, and close examination 
of text. In other words, students are invited to make 
their metacognition public. By sharing their thinking 
about reading, students become citizens of a commu-
nity enriched by the new learning housed in text.

Once a cadre of developmentally appropriate meth-
ods has been selected for a particular grade level, they 
should be used repeatedly. This redundancy scaffolds 
students to independence and provides the teacher or 
interventionist with valuable formative assessment 
data. Literacy instructional methods should also be 
portable. They should be part of agreed-upon instruc-
tion that communicates the strategic nature of read-
ing and writing across all content areas. The goal is for 
all teachers, regardless of their content discipline, to 
be effective literacy instructors and for all students to 
read and respond proficiently wherever and whenever 
they encounter text.
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And lastly, J. T. Guthrie and A. Wigfield posit that 
literacy methods should be engaging. These routines 
should nurture both the skill and will to read. There-
fore, when selecting literacy methods, teachers should 
consider not only the strategic value of the instruction 
but also how engagement is nurtured. Literacy meth-
ods that offer choice, collaboration, and challenge can 
grow proficiency and engagement. 

Selecting	Effective	Methods:	An	Interactive	View
Research by M. Y. Lipson and K. K. Wixson suggests 
that effective methods should be selected based on 
the attributes of an interactive view of reading and 
writing. Specifically, when planning instruction, it is 
helpful for teachers to consider the reader, text, and 
context.

Reader: Effective literacy methods should cause read-
ers to transact with text. It is important for teachers to 
select methods for literacy instruction that embody the 
strategic behaviors readers must employ to compre-
hend and respond to text. This includes predication, 
monitoring meaning, clarifying, retelling, summariz-
ing, and evaluating. D. Ogle and E. Carr’s KWL PLUS 
is an example of a literacy method that invites readers 
to share what they know (K) about a topic; brainstorm 
about what (W) they would like to know; think about 
and discuss what they learned (L); and then categorize 
their learning based on semantic relationships (PLUS). 
Another example of an evidence-based method is 
W. McGinley and P. Denner’s Text Impression. This 
instructional routine honors the importance of pre-
reading discussion and focuses predictions on criti-
cal vocabulary. During a Text Impression, the teacher 
selects six to 12 vocabulary words necessary for com-
prehension and presents them one at a time. The words 
are presented in an order that piques interest or creates 
ambiguity. During a Text Impression, students discuss, 
hone predictions, and reveal their prior knowledge. 
Text Impression is an effective and engaging method 
because it promotes conversation, collaboration, and 
critical thinking.

Text: In addition to using literacy methods that focus 
on the strategic behaviors of the reader, research 
also indicates that it is important to provide explicit 
instruction in the structures of text. Text structure 
awareness has been linked to accurate recall, retelling, 
and inferential comprehension. Studies have found 
that readers who understand text organizational 

structures typically find greater success identifying 
important information and recognizing relation-
ships between ideas. In addition to gains in reading 
comprehension, studies have also found that struc-
tural knowledge can be transferred to new learning 
demands.

P. Neufled defines text structure as the organiza-
tional logic of a text. In other words, structure is the 
manner in which information in the text is organized 
for presentation. Fiction contains a structure often 
referred to as a story grammar. Story grammar com-
prises characters, setting, a problem, events, and a res-
olution. The five most common text structures found 
in informational text are enumeration, time order, 
compare and contrast, cause and effect, and problem 
and solution.

There is considerable research to support the use 
of text maps when teaching informational struc-
tures. Text maps are visual representations of both 
the important concepts from the text and the infor-
mational text structure. Story maps, Venn diagrams, 
sequence chains, and attribute charts are a few exam-
ples of the graphic organizers that support text struc-
ture instruction. Carefully selected text maps engage 
students by challenging them to represent important 
content.

To tell the truth- I am afraid of snakes. Maybe if I learn more 
about snakes, I will not be as afraid of them. I selected Giant 
Snakes by Seymour Simon to begin learning about snakes. 
Giant Snakes is about constrictor snakes from all over the 
world. The large snakes I am reading about are either boas 
or pythons. I learned that these constrictor snakes are the 
longest land animals alive today. They are longer than an 
elephant or a giraffe.  Wow! They are flexible and crush their 
prey by tightening their bodies around the animals they have 
caught. They do not bite their prey and are not poisonous. 
They do not have venom. OK- I’m hooked! I love this book. 
Maybe snakes aren’t so bad. Giant Snakes did not tell me 
exactly what the green anaconda eats. I have to know, so 
I went to the National Geographic Web site. I learned that  
they eat wild pigs, deer and turtles. The Web site I visited 
was http://animals.nationalgeographic.com/animals/reptiles/
green-anaconda/?source=A-to-Z. Check it out! 
Do you think I should read another book about snakes?

Mrs. Smith

Table	1 Sample from an elementary teacher’s reading log
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Context: The final element of the interactive view that 
should be considered when selecting methods for lit-
eracy instruction is context. Context is defined as the 
settings, practices, and resources that house instruc-
tion. This includes, for example, the use of flexible 
grouping, access to a wide variety of text for purpose 
and pleasure, and students being surrounded by 
interesting and informative print. One of our meth-
ods, called the Teacher’s Reading Log, creates a sup-
portive context whereby teachers model responding 
by maintaining a log of their own (see Table 1 for 
an example). In this written think-aloud, teachers 
can offer their thoughts on text being read in class, 
pose interesting questions, and suggest additional 
resources. Our work indicates that the Teacher’s 
Reading Log is a popular read, often being discussed 
and debated all day long!

Conclusion
As Kathy Roskos and her colleagues note, the reci-
procity between language development and literacy 
is critical to consider when planning reading and 
writing instruction. To achieve their literacy poten-
tial, children need reading to help them learn about 
writing, writing to help them learn about reading, and 
oral language to help them learn about both. As the 
CCSS and RTI are implemented in classrooms across 
the country, teachers should select evidence-based 
instructional methods that honor the important rela-
tionship between language and literacy.

Barbara A. Marinak
Mount St. Mary’s University

Linda B. Gambrell
Clemson University
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Long-Distance	
Dependencies
One part of acquiring syntax is the ability to recognize 
relationships between phrases and within and between 
sentences. Syntactic dependencies often occur over 
several words and phrases. Two types of structures will 
be examined for this entry: discontinuous dependen-
cies, such as those found in grammatical agreement, 
and long-distance questions. Evidence from infant-
speech perception studies suggests that children attend 
to patterns of grammatical agreement beginning near 
the first birthday and have the ability to track gram-
matical relationships well before they are 2. Evidence 
from long-distance questions suggests that children as 
young as 3 are able to both produce and comprehend 
such questions. Debate remains as to the best theories 
to explain the patterns of acquisition found.

Discontinuous	Dependencies
Grammatical relationships are an important feature 
of many languages. Sentences such as These pink flow-
ers are blooming in the garden exhibit agreement both 
within the noun phrase and between the subject and 
verb. Languages vary according to the types of agree-
ment they exhibit. Some languages have subject–
verb agreement, others have agreement within noun 
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phrases, while others exhibit noun class agreement 
where verbs must agree with their subjects and objects. 
In addition to agreement relationships, languages 
exhibit relationships between elements of a sentence 
when there is movement, such as wh- questions or 
topicalization, and when there are clauses modifying 
each other as with dependent and relative clauses.

As a result, relationships must be tracked over sev-
eral words or constituents for many constructions in 
a language. Discontinuous dependencies such as these 
require the child to segment out the relevant forms, 
hold one or more forms in memory, and then segment 
and link the second element in the dependency when it 
appears in the speech stream. In order to acquire such 
relationships, the child must both be able to attend to 
the form and to hold the form in memory.

Work using natural language and artificial language 
stimuli has shown that sensitivity to these types of 
grammatical relationships develops over the second 
year of life. Much of this work to date has focused on 
the Germanic languages. By 12 months of age, infants 
can pair function–content, word-like elements from 
an artificial grammar. By 14 months, infants are able 
to use determiners to classify nouns and are sensitive 
to the order of function words in a speech stream. By 
18 months, American, German, and Dutch infants 
can use information in the speech stream to track 
some relationships between auxiliary and main verbs. 
By 19 months, English-speaking children prefer to lis-
ten to passages in which the subject–verb agrees over 
those where it does not. For noun phrases, 24-month-
old Dutch infants listen longer to grammatical rela-
tionships between the determiners and diminutive 
suffixes than to ungrammatical ones. Several fac-
tors appear to influence infants’ ability to detect and 
track discontinuous grammatical relationships across 
noun and verb phrases: the frequency and nature of 
the dependent elements, variability of the interven-
ing material, and type of intervening material. More 
work on languages with different kinds of dependent 
agreement relationships is needed. 

Long-Distance	Wh-	Questions
Long-distance questions are questions in which the 
question word has been extracted from a subordinate 
clause, as in What do you think the bear will eat? In 
this construction, the question word appears in the 
main clause but is the object of the verb eat in the sub-
ordinate clause. These questions require children to 
be able to link the question phrase with its associated 

verb over several clauses. Thus, they present both a 
syntactic processing and memory challenge to the 
child. Relative clauses raise issues similar to wh- ques-
tions in terms of processing long-distance dependen-
cies, with the added difficulty that the referent for the 
dependency may or may not be overt. In a sentence 
such as This is the dog that I like, the child must be 
able to link the head of the relative clause both with 
its referent (the dog) and with its status as the object of 
the verb like. Many analyses of relative clauses argue 
that the relative clause involves movement of a covert 
operator, parallel to wh- questions. Thus, the same 
mechanisms that link the dependent elements are 
assumed to apply.

Long-distance questions are rare in spontaneous 
child speech, and thus studies of long-distance wh- 
questions have relied on primarily experimental elici-
tation. Early work by Rosalind Thornton demonstrated 
that children as young as 3 years of age are able to pro-
duce long-distance questions in elicited production 
contexts. Children produce both adult and nonadult 
forms of these questions. One frequent nonadult form 
repeats the wh- phrase at the beginning of the subordi-
nate clause, as in What do you think what the bear will 
eat? Similar results have been found for several other 
languages, including child French and child German. 
Other recent work, conducted under a usage-based 
approach, has found that, while children are able to 
produce long-distance wh- questions, they are more 
accurate with the most frequent kind of constructions 
(wh- word+do you+say/think+clause) than with con-
structions that do not follow this pattern.

In terms of comprehension, work by Jill deVilliers 
and Thomas Roeper has indicated that children as 
young as 3 or 4 are able to interpret long-distance wh- 
questions and answer them appropriately. In addition, 
available evidence suggests the children are sensitive 
to grammatical constraints on the interpretation of 
these sentences and do not attempt to interpret a ques-
tion as long distance when the grammatical structures 
do not allow it. For example, they generally do not 
interpret questions such as When did the keeper say 
what the bear will eat? as asking when the bear will eat 
but as asking when the keeper said what the bear will 
eat. Mistakes in interpreting long-distance questions 
do occur, and they are more common among younger 
children and children with language disorders.

Relative clauses appear in children’s speech as early 
as 2½, with regular use appearing around age 3. Mis-
takes in production of relative clauses are rare; many 
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of the early relative clauses modify predicate nominals 
(e.g., It’s the bear that I don’t like), with other kinds 
of relative clauses developing over time. Mistakes in 
interpretation of relative clauses do occur. Children 
are generally more accurate in interpreting relative 
clauses that modify subjects, especially if the relative 
clause also has the gap in the subject position. How-
ever, many factors influence children’s interpreta-
tion of relative clauses, including the structure of the 
clauses, pragmatic felicity of the testing conditions, 
and working memory.

Current debate about long-distance wh- questions 
and relative clauses centers on whether the acquisition 
patterns seen for long-distance dependencies are the 
result of the application of syntactic principles and 
constraints on movements or whether they are the 
result of lexically specific templates. Proponents of the 
constraint-based approach argue that children’s sensi-
tivity to constraints on interpretation and the errors 
that involve a medial wh- word at the beginning of the 
clause are evidence for successive cyclic movement of 
wh- words out of the embedded clause into the main 
clause. Proponents of the usage-based approach argue 
that the fact that children perform better on proto-
typical patterns involving the most common verbs 
and clausal constructions indicates that children are 
using lexically specific templates and then generaliz-
ing from these constructions. These arguments par-
allel arguments between generative and usage-based 
approaches found elsewhere in the field of language 
acquisition.

Lynn Santelmann
Portland State University

See	Also:	Parsing/Sentence Processing; Questions; 
Statistical Learning; Syntax, Complex; Verbal Working 
Memory; Wug Test and the Elicited Production Paradigm.

Further	Readings
Dąbrowska, E., et al. “The Acquisition of Questions With 

Long-Distance Dependencies.” Cognitive Linguistics, 
v.20/3 (2009).

DeVilliers, J., T. Roeper, L. Bland-Steward, and R. Pearson. 
“Answering Hard Questions: Wh-Movement Across 
Dialects and Disorder.” Applied Psycholinguistics, v.29 
(2008).

Kidd, E., ed. The Acquisition of Relative Clauses: Processing, 
Typology and Function. Amsterdam: John Benjamins, 
2011. 

Thornton, R. Adventures in Long-Distance Moving: The 
Acquisition of Wh- Questions. Unpublished doctoral 
dissertation, University of Connecticut, 1991.

Thornton, R. and S. Crain. “Successful Cyclic Movement.” 
In Language Acquisition Studies in Generative Grammar, 
T. Hoekstra and B. D. Schwartz, eds. Amsterdam: John 
Benjamins, 1994.

Lying
Lying is the act of intentionally misleading someone 
through speech. This differs from deception, which 
may involve both verbal and nonverbal behaviors. For 
children to lie effectively, they must develop sufficient 
understanding of the concept of lying to be able to 
cognitively construct and plausibly maintain their 
lies. Developmental aspects of lying are discussed 
below along with the linguistic tools used to detect 
deception in children.

Early studies on the development of lying in chil-
dren distinguished true lies, which are intentionally 
deceptive utterances, from fantasies, mistakes, and 
pseudo lies. Pseudo lies are affective responses rather 
than intentionally false statements (e.g., a young child 
says, “No,” when questioned, fearing punishment for a 
misdeed). Children’s attempts to lie appear as early as 
age 2 years. However, children at this age are unable to 
plausibly maintain these lies in the face of question-
ing—they lack the cognitive or verbal sophistication 
to avoid giving themselves away.

Telling more sophisticated and convincing lies 
seems to rely partly on the development of theory 
of mind (ToM). ToM reflects the ability to attribute 
mental states to oneself and to others, recognizing 
that those states (i.e., beliefs, desires, and intentions) 
might differ from their own—and might be false. 
Lying relates to ToM because it is the act of intention-
ally creating a false belief in another person. Research 
consistently demonstrates the link between lying and 
ToM development in typically and atypically develop-
ing children.

Although a direct link between language develop-
ment and lying is less clear, ToM has been strongly 
correlated with various standard measures of general 
language ability that would impact lie-telling skill. 
For instance, pragmatic ability, the ability to use and 
interpret language appropriately in social situations, 
relies on keeping track of listeners’ and speakers’ 
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beliefs and intentions and is related to performance 
on false belief tasks. Word meanings, or semantics, 
are also related to ToM development, as false belief 
understanding depends on understanding terms 
that refer to mental states, such as think, know, and 
remember. Finally, syntactic ability supports reason-
ing about false beliefs by facilitating children’s ability 
to make representations of states different from their 
current reality. However, the nature of this relation-
ship remains somewhat unclear. It is possible that 
ToM and language development both depend on 
some other internal factor, such as working mem-
ory or executive function, which allows children to 
employ more complex reasoning, aiding their perfor-
mance in language, ToM, and lie-telling tasks. 

Other research suggests the development of ToM 
and language relies on an external factor, like increased 
participation in social and cultural activities. Another 
view is that ToM and language development are inter-
twined, each promoting the development of the other. 
However, studies of deaf children suggest a causal link 
from language to ToM development. These children, 
who have normal nonverbal intelligence and social 
adjustment but delayed language development, often 
perform well on control questions but frequently fail 
standard false-belief tasks. To the extent that ToM 
depends on language development, it might provide 
children with the necessary resources to promote 
false-belief understanding and facilitate lie-telling 
skill. Similarly, pragmatic ability, semantic under-
standing, and syntactic ability would undoubtedly be 
assets to children attempting to tell convincing lies.

The development of executive functioning abilities, 
particularly working memory and inhibitory control, 
is also a key aspect of the development of lying. This 
relationship is supported both by empirical findings 
and by theory. The predominant cognitive model 
for lying is the Activation–Decision–Construction 
Model. When a question is asked, the truthful answer 
is activated, usually automatically, in long-term mem-
ory. During the activation stage, the truth is salient in 
a person’s mind because it is being held in working 
memory. The decision to lie is the second component 
in this model. The final step is the lie construction. 
To create a lie, one must manipulate linguistic codes 
within working memory. Simply put, this means that 
liars must create the verbal content of the lie and hold 
it in their minds—and refrain from speaking the 
truth or making statements inconsistent with the lie. 
Thus, the creation of a lie relies on executive control 

abilities, and it is inherently tied to language and lan-
guage development. Deceptive ability in children, 
some have suggested, develops not unlike language 
as a joint function of cognitive development and the 
need to adapt to their social world.

The ability to lie richly, elaborately, and convinc-
ingly is also affected by linguistic ability. Although 
researchers have observed lying in children as young 
as age 2 years, the capability to lie generally develops 
between the ages of 3 and 4. Strategically maintaining 
a lie verbally (creating an elaborate lie that is consis-
tent with evidence) comes later around the ages of 6 
or 7, which coincides with the development of sec-
ond-order ToM. In terms of believability, at around 5 
to 6 years old, some children can be just as convincing 
as adolescents and adults with their lies. It is possible 
that younger children’s lies are less complex, and thus 
they do not provide enough details to betray them-
selves. Linguistic ability has also been suggested to 
affect children’s believability, as more verbally adept 
children benefit from the halo effect, which intimates 
that children with positive traits will be believed 
regardless of their veracity.

Children’s linguistic development is also a major 
factor in deception detection, as tools have been cre-
ated to assess statement veracity based on verbal 
content, in applied settings. Lie detection has been 
examined with regard to child witnesses and victims 
of sexual abuse using Criteria-Based Content Analysis 
(CBCA). CBCA is based on the Undeutsch hypothesis 
that actual memories differ quantitatively and quali-
tatively from imagined events based on 19 criteria. 
CBCA has been shown to be somewhat accurate and is 
used by some European courts but does not meet the 
United States’ standards for evidence reliability and 
admissibility. Furthermore, criticisms include that age, 
linguistic ability, and coaching can influence perfor-
mance on the CBCA. CBCA has also been criticized 
for its lack of theoretical background, as it is based on 
U. Undeutsch’s experiences interviewing children.

Another approach, reality monitoring (RM), stems 
from basic memory research and is based on the 
assumption that memories are either external or inter-
nal in origin. Extrapolated to deception detection, lies 
can be conceived of as imagined events compared to 
truths that are actual memories. Thus, truths should 
contain more details (sensory and contextual) and 
more semantic information than lies, which would 
involve more cognitive processes. RM has been cri-
tiqued because a lie may not necessarily originate 
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from an external event. Additionally, children’s general 
language development may affect their RM scores. If a 
child is not within the norm of linguistic development 
for his or her age, he or she might include fewer details 
than expected. As with CBCA, when verbal ability 
(and age) increase, some RM criteria become appar-
ent regardless of whether a child is lying or telling the 
truth. Also, both CBCA and RM are theoretically based 
on the difference between true and false memories, but 
one might create a lie using an actual memory.

The Linguistic Inquiry Word Count (LIWC) has 
also been used to differentiate between deceptive and 
truthful statements in children. LIWC is a computer-
based linguistic analysis tool used to assess different 
psychological concepts in an objective manner by 
counting and classifying words. In a meta-analysis on 
LIWC, researchers found small effects supporting that 
liars use more negative emotion words and motion 
verbs and truth tellers used more self and other ref-
erences and exclusive words. However, age and other 
motivational factors have been shown to influence 
linguistic categories used by children in their alle-
gations and statements about sexual abuse. In sum, 
research on linguistic tools used to detect deception 
provides moderate support for their utility. Nonethe-
less, many concerns have been raised with regard to 
these tools, including issues of language development.

Angela M. Crossman
Jason Mandelbaum
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MacArthur-Bates	CDI
The MacArthur-Bates Communicative Develop-
ment Inventories (CDIs) are standardized, parent-
completed report forms designed to assess language 
and communication skills in young children ages  
8 months to 37 months. These checklists yield reli-
able information on the course of language devel-
opment from children’s first nonverbal gestures and 
early signs of comprehension to the expansion of 
vocabulary and the early stages of grammar, describe 
L. Fenson and colleagues.

The CDIs benefit from the parents’ unique knowl-
edge of their child’s communicative skills. Accuracy 
of parental input is enhanced greatly by relying on 
recognition memory for specific, current information 
(e.g., have you heard your child say green), avoiding 
retrospective accounts or use of recall memory (e.g., 
what words for color have you heard your child say). 
Parent report often serves as an effective comple-
ment to assessments made in clinical or research set-
tings where spontaneous speech or test results may be 
influenced by the child’s shyness, the unfamiliarity of 
the setting or interactions characteristic of tests, and 
the interaction style of the examiner.

Versions	and	Content
The CDIs are available in full and brief versions 
The CDI: Words and Gestures (W&G), normed for 
8- to 18-month-old typically developing children, 

generates scores for vocabulary comprehension, 
vocabulary production, and the use of communica-
tive and symbolic gestures. One main component is 
a 396-word vocabulary checklist with separate col-
umns for comprehension and production divided 
into 19 semantic categories. The other is a list of 63 
actions and gestures organized into five sections: first 
communicative gestures (point, show, and nod yes 
or no), games and routines (peekaboo or dancing), 
actions with objects (comb hair or eat with spoon), 
pretending to be a parent (actions directed toward a 
doll), and imitating of other adult actions (sweeping 
or washing dishes).

The CDI: Words and Sentences (W&S) is designed 
for 16- to 30-month-olds. It contains a 680-word 
expressive vocabulary checklist divided into 22 
semantic categories and five sections assessing aspects 
of grammar (79 items tapping a range of skills such 
as use of plurals and possessives, present and future 
tense, irregular word forms, and overgeneralizations). 
A set of 37 items taps the complexity of the child’s 
sentences. Parents are also asked to write three of 
the longest sentences they have heard their child say 
recently (M3L). Scores on this measure are strongly 
related to the oft-used measure of early grammatical 
development, mean length of utterance (MLU). 

Scoring	and	Interpretation
The M3L scale on the W&S form requires a trained 
scorer. Scoring all the other components of the two 

M



inventories is a clerical task, and machine scanning and 
scoring is also an option. Interpretation of the scores 
should be done by a trained researcher or clinician.

Norms	and	Clinical	and	Research	Uses	of	CDI
Percentile scores are provided by month for each 
gender for most of the subscales of the inventories, 
reflecting the child’s rank relative to other children of 
the same age and sex. The expanded norms in the sec-
ond edition of the manual are more demographically 
balanced than the original norms.

In addition to indexing major aspects of commu-
nicative development, the CDIs have been adopted by 
many speech–language pathologists and other spe-
cialists to screen children for possible language delays, 
formulate intervention strategies, and evaluate treat-
ment effects. Full identification and differential diag-
nosis of language impairments should incorporate 
other measures as well. For research, the efficiency 
of the CDIs enables accumulation of large samples, 
which in turn permit evaluation of other variables 
(e.g., social class and exposure to multiple languages) 
on communicative development. Researchers can also 
use the CDIs to screen and select children who are at 
different language levels or who have profiles of spe-
cial interest.

Reliability	and	Validity
The reliability and validity of the CDIs for the assess-
ment of key language milestones is well documented in 
the literature and generally comparable to, if not better 
than, existing structured tests and measures based on 
transcription and analysis of language samples. Specific 
evidence is provided in the user’s manual for measures 
of reliability (internal consistency and test–retest) and 
validity (content and concurrent and construct). 

Brief	Versions
Brief forms were developed to fulfill a need for instru-
ments that require less time and literacy to complete 
than the full forms. The one-page Level 1 and Level 
2 forms parallel the age ranges for the full W&G and 
W&S forms, respectively. The Level 1 form contains 
an 89-word checklist with separate columns for com-
prehension and production. Two equivalent Level 2 
forms provide 100-item productive vocabulary check-
lists and ask if the child is combining words.

A two-page CDI-III inventory developed by  
P. Dale and colleagues extends the parent report 
format from 30 to 37 months. This form includes a 

100-word expressive vocabulary list, two 12-item sec-
tions tapping aspects of grammatical development, 
and M3L. Percentile-based normative data is available 
in the CDI user’s guide.

Foreign	Adaptations
The CDI team, including D. Jackson-Maldonado and 
colleagues, also produced full versions of the CDIs in 
Mexican Spanish and a manual with normative data. 
More recently, Jackson-Maldonado has created and 
normed brief versions.

Other authors have produced versions of the CDI 
in more than 50 additional languages (http://www 
.sci.sdsu.edu/cdi/documents/AdaptationsSurvey7-5 
-11Web.pdf). An online program (www.cdi-clex.org), 
provided by R. Jørgensen and colleagues, permits 
users to compare aspects of vocabulary development 
in an ever-expanding set of languages.

Larry Fenson
San Diego State University
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University of New Mexico
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Matthew	Effects		
(Rich	Get	Richer)
Matthew Effects refer to the theory that initial advan-
tages lead to further cumulative advantages. The term 
is derived from the gospel according to Matthew in the 
Bible’s New Testament: 

To all those who have, more will be given, and they 
will have in abundance; but from those who have 
nothing, even what they have will be taken away.

—Matthew 13:12, The New Oxford Annotated Bible 
(New Revised Standard Version)

This verse was first used to explain scientific produc-
tivity: More prestigious scientists are more readily 
acknowledged for their contributions than less well-
known scientists who made similar discoveries or con-
tributions. Within educational settings, references to 
Matthew Effects arise from the empirical evidence sug-
gesting that advantages in early educational experience 
pave the path for subsequent learning. Essentially, exist-
ing intellectual and motivational capital serve as the 
foundation for the growth and acquisition of additional 
skills. Students who have an early advantage in educa-
tion will enjoy reciprocal benefits in their learning.

K. E. Stanovich proposed a model for conceptualiz-
ing the development of individual differences in read-
ing, which delineates the complex relationship between 
cognitive skills and reading ability. In this model, he 
described how the cumulative advantage phenomenon 
of the Matthew Effects relates to children’s reading and 
cognitive skills. Using vocabulary as just one example 
of a cognitive skill involved in this reciprocal feedback 
model, he argued that, the greater an individual’s read-
ing volume (how much and how frequently one reads), 
the larger the increase in his or her rate of vocabulary 
development and growth of literacy-related skills. This 
rich-get-richer phenomenon is most clearly illustrated 
by the situation in which an individual who is a skilled 
reader with a strong vocabulary is capable of reading 
more than his or her less skilled peers. As a result, he or 
she is exposed to more vocabulary and, in turn, further 
develops his or her reading skills.

Stanovich also described the other side of the coin, 
that is, the negative effect of the Matthew Effects in 
reading—the poor-get-poorer phenomenon. This 
cumulative disadvantage is evident in circumstances 

in which an individual who has a more limited vocab-
ulary and weaker reading skills is able to process a 
reduced amount of text, a relationship that perpetu-
ates itself over time. Limited reading, then, leads to 
slower growth of vocabulary, which also inhibits fur-
ther reading development. Because these two sides 
of reciprocal causation are inextricably embedded 
within an individual’s developmental course of read-
ing progress, the effects are cumulative.

An important component of the Matthew Effects 
model is that individual differences in the contribu-
tion of cognitive skills to reading development may 
be attributed to developmentally limited relation-
ships as well as those that persist over time. Stanovich 
argued that initial individual differences in processes, 
such as phonological awareness and phonological 
decoding that cause variance in reading ability early 
in development, may at some point cease to be causal 
factors. He posited that, when we measure differences 
in phonological decoding skills in adults, we are tap-
ping the mechanisms (e.g., phonological awareness 
and decoding) that, earlier in developmental history, 
led individuals to diverge in the rates at which they 
acquired reading skill but that are no longer causing 
further variation in reading fluency. This realization 
paved the way for understanding how dynamic and 
interactive reading development is and that initial 
causal factors may be developmentally limited.

The primary factors contributing to Matthew 
Effects in reading are organism–environment corre-
lations: Different types of organisms are selectively 
exposed to different types of environments. Stanovich 
proposed three types of organism–environment cor-
relations in reading development: active, evocative, 
and passive. Active organism–environment correla-
tions occur when an individual has partially selected 
and shaped his or her own environment. For exam-
ple, an individual may consciously choose to read as 
a leisure-time activity. An evocative organism–envi-
ronment correlation refers to when an individual is 
affected by the behaviors of others or an environ-
ment that is actively created by others. Shared reading 
activities or parent–child interactions are examples 
of this type of correlation. A passive organism–envi-
ronment correlation is the relationship between an 
individual and the broader environment. This is not 
a result of the individual’s active selection and shap-
ing of his or her environment and may include avoid-
able or unavoidable conditions. The children from 
socioeconomically disadvantaged families have fewer 

 Matthew Effects (Rich Get Richer) 367



opportunities to access a variety of reading materials, 
yet schooling or intervention programs could mediate 
this situation.

Four types of evidence could provide support for 
the Matthew Effects in reading development. The first 
would be demonstrated by individuals with similar 
initial reading skills but developmental trajectories 
that are divergent depending on how much they read 
(reading volume). That is, two individuals may begin 
with the same baseline level of ability but have dif-
fering growth rates over time. Evidence to support 
Matthew Effects can also be explained in individuals 
with differences in initial reading skill who demon-
strate varying rates of growth in reading ability that 
are influenced by reading volume. That is, individuals 
who begin at different baseline levels may also have 
differing growth rates over time. A third type of evi-
dence that would provide support for the Matthew 
Effects in reading would be a fan-spread model in 
which variability in reading performance increases as 
individuals develop. The fan-spread model demon-
strates that the differences in reading ability between 
two groups is increasing, and initially skilled read-
ers appear more consistently in the upper part of the 
distribution of later reading ability than initially less 
skilled readers. Further evidence is found in individu-
als who display different initial reading abilities but 
similar developmental trajectories given equal levels 
of reading volume (different baseline levels but the 
same rate of growth), but this type of evidence only 
partially supports the Matthew Effects.

In fact, these different types of evidence all pro-
vide varying levels of support for the Matthew 
Effects because they, to differing degrees, reflect 
the reciprocal and exponential differences that can 
occur among individuals, which is the essence of the 
rich-get-richer and the poor-get-poorer phenomena 
put forth by the Matthew Effects in education and 
reading. When examining the empirical evidence for 
Matthew Effects in reading development, results vary 
depending upon the reading skills being researched. 
There is strong empirical support in favor of the 
Matthew Effects when examining the relationship 
between word recognition and vocabulary. The 
majority of research finds that the gap between the 
reading performance of good readers and poor read-
ers, while not necessarily widening, is not reduced, 
thus providing substantive evidence for Matthew 
Effects in reading. In contrast, studies examining the 
Matthew Effects in reading comprehension have not 

yielded strong support, largely because these studies 
only provide the fourth type of evidence, which is 
less conclusive.

The use of the Matthew Effects model as a tool 
for understanding individual differences in reading, 
language, and cognitive development has allowed 
researchers and practitioners to develop more-
complex models of reading development that take 
into account reciprocal causation, or bootstrapping 
effects. As an example, previous research put forth the 
hypothesis that individual differences in eye move-
ment may be the reason for differences in reading 
comprehension, but it is now recognized that eye 
movement patterns are the result of reading ability 
and experience. Furthermore, viewing reading devel-
opment through the lens of Matthew Effects has sev-
eral important implications for policy and practice. 
According to the Matthew Effects model, literacy 
skills build upon each other in a cumulative fashion. 
Children who start out with stronger initial founda-
tional reading abilities will build their skills at faster 
rates. This underscores the importance of providing 
young children with high-quality early literacy expe-
riences and offering early identification and interven-
tion services to children who may be at risk of later 
reading failure. Indeed, early childhood interven-
tion programs such as Head Start were specifically 
designed to narrow the achievement gap by exposing 
very young children from disadvantaged communi-
ties to high-quality early literacy and language experi-
ences. These programs and others can provide young 
children the foundational skills necessary for future 
reading achievement.

Anne E. Cunningham 
Yi-Jui Chen

University of California, Berkeley
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Mechanisms	of	Cultural	
Transmission	and		
Language	Learning
Language learning is a challenging task but one 
humans always succeed at. One possible explanation 
for this universal success is the existence of innate 
cognitive constraints specific to language learning. 
However, attending to language’s status as a dynamic, 
culturally transmitted system opens up an alterna-
tive perspective. In order to persist, a language must 
be learnable from limited input by new generations 
of speakers. This repeated cycle of learning from the 
productions of previous learners puts pressure on 
the language to adapt to the biases of those learners. 
Experimental work in this area has shown that some 
of the universal features of language can emerge from 
this process of cultural transmission because these 

features make language more learnable. This suggests 
that language acquisition is possible because language 
itself has adapted to humans rather than because 
humans are adapted specifically to the task of lan-
guage learning and that some of the universal features 
of language are a product of this adaptive process.

Language learning is a hard problem. To success-
fully acquire a language, children must converge on a 
complex, rule-governed system by generalizing from 
limited input in the absence of negative evidence. 
These difficulties have been variously characterized as 
the poverty of the stimulus, Baker’s paradox, or the 
logical problem of language acquisition. Any theory 
of language acquisition must therefore account for 
how children, despite these difficulties, consistently 
make the right guesses about the structure of the lan-
guage they are learning.

Universal	Grammar
Explanations for how children solve the language 
learning problem have usually focused on the capaci-
ties of the individual. Because individual children are 
capable of acquiring language, then they must have 
innate constraints that enable them to learn the kinds 
of languages we see in the world. These constraints 
are sometimes hypothesized to take the form of a uni-
versal grammar, encoding the rules that the input the 
child will receive during learning does not fully specify.

Cultural	Transmission
More recently, some theorists have taken a different 
perspective, focusing on language’s status as a cultur-
ally transmitted system. Rather than a language being 
a static target onto which all learners perfectly con-
verge, language is both the input to and the output 
of an ongoing diachronic process of change. Each 
language is continually reconstructed as new learners 
acquire it on the basis of previous learners’ produc-
tions. Working from this observation, Terrence Dea-
con, Morten Christiansen, Simon Kirby, and others 
have hypothesized that, rather than children’s minds 
being adapted specifically to learn language, lan-
guages themselves are adapted to be learnable. The 
process of cultural transmission, in which language 
is passed from person to person via a repeated cycle 
of production and learning, imposes selection pres-
sures on languages: Only a language that is learnable 
will be acquired, used, and passed on in turn to the 
next generation. This opens up an alternative expla-
nation for why children are able to acquire language. 
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Over successive generations, the learning biases of 
a language’s learners shape the language to fit those 
biases. This approach effectively turns the poverty 
of the stimulus argument on its head: Languages 
survive cultural transmission precisely because they 
have adapted to be reconstructable from impover-
ished input.

Iterated	Learning
This hypothesis can be tested using simple models of 
cultural transmission. Iterated learning is a method-
ology for modeling cultural transmission in popu-
lations of simulated agents or human participants 
and offers a method for investigating how languages 
change as a result of individual learning biases act-
ing repeatedly over cultural transmission. Learners 
acquire an artificial language by observing the pro-
ductions of other learners, who in turn acquired their 
language in the same way. Each learner approaches 
the learning task with certain biases. These biases can 
work in two ways: (1) they determine what the learner 

finds easiest to learn, thus ensuring that material that 
fits these biases is passed on accurately; and (2) where 
the learner generalizes or makes mistakes, the biases 
influence the direction of these innovations, meaning 
that the changes the learner makes will tend to reflect 
that learner’s biases. “Errors” arising from imperfect 
learning accumulate over generations, amplifying the 
effect of each individual learner’s biases.

Iterated learning can be used to test hypotheses in 
two main areas, depending on the language taught to 
the first learners in a simulated population. Where the 
input to those learners is already like language, iter-
ated learning serves as a model of language change. 
Here, researchers can investigate how languages 
change as a result of the gap between (1) the structure 
of the initial language and (2) the generalizations new 
learners make from the input they receive. When the 
“language” fed to the initial group of learners instead 
lacks a particular feature of natural language, iterated 
learning allows us to test whether that characteristic 
feature of language can emerge via cultural transmis-

sion: If the feature of interest gradually develops 
over generations, it can be explained as a prod-
uct of cultural transmission, without requiring 
that it be innately encoded as a strong bias in 
learners’ brains. The amplifying effect of cul-
tural transmission thus allows weak learning 
biases to strongly constrain the structure of lan-
guage: Under this account, we observe linguistic 
universals because these features of language are 
in accordance with relatively weak and possibly 
domain-general learning biases shared by all 
humans rather than being determined by abso-
lute constraints that have evolved specifically 
for language. Languages that do not conform to 
those biases are either rare or not attested simply 
because they are less likely to survive the process 
of cultural transmission.

Work using the iterated learning method has 
shown that features of language including arbi-
trariness, regularity, and compositional struc-
ture can evolve via cultural transmission from 
a protolanguage that does not originally pos-
sess these features. A key factor in many of these 
studies has been the incorporation of the pov-
erty of the stimulus into iterated learning in the 
form of a bottleneck: Learners are only exposed 
to a subset of the language they are trying to 
learn and are required to generalize to unseen 
parts of the language when producing examples 

Figure	1 Three experimental models of cultural evolution

 

i)

A B C D

t1 t2 t3 t4

ii)

A B

C D

t1

B C

D E

t2

C D

E F

t3

D E

F G

t4

iii)

A B

C D

t1

A B

C D

t2

A B

C D

t3

A B

C D

t4

i) In a diffusion chain, an individual participant learns and produces 
some material at time t1; at time t2, a naive participant learns 
from the first participant’s output. ii) In the replacement method, a 
group of participants interact at time t1; at time t2, one participant 
is removed and replaced with a naive participant (bold). iii) In the 
closed-group method, the same participants interact repeatedly.
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of language for others to learn from. Structured lan-
guages arise as a solution to the pressure for gener-
alization that this bottleneck creates. For example, a 
compositional language, a language that systemati-
cally reuses subparts of signals to refer to elements of 
meanings, allows recombination of these signal sub-
parts to express novel, unseen meanings composed 
from previously seen elements.

Methods	and	Models	of	Cultural	Transmission
Various methodologies have been used to investigate 
how different kinds of cultural transmission affect 
the structure of language, as depicted in Figure 1. The 
simplest method is the diffusion chain. Here, an indi-
vidual learner acquires a language from input, and 
this learner’s subsequent productions become the 
input for the next learner, and so on down a chain of 
individuals. This paradigm is a useful tool for reveal-
ing content biases of the learners who make up the 
chain: Cultural transmission will favor languages that 
have features that make them easy for naïve individu-
als to learn.

The replacement method provides a more complex 
model of cultural transmission. Here, a group of par-
ticipants engages in a task. One by one, the partici-
pants in the group are replaced with new individuals, 
modeling gradual population turnover. Studies using 
the replacement method have shown the emergence 
of cumulative culture, that is, complex structures that 
could not have been achieved by a single individual. 
So far, this approach has been used predominantly to 
investigate the cultural evolution of physical artifacts 
rather than of language, but the results suggest mech-
anisms by which the complexity we see in present-day 
language could have built up incrementally over gen-
erations of cultural transmission.

A third methodology, the closed-group method, 
involves a static group of individuals participating 
in multiple rounds of interaction. This methodology 
allows the investigation of horizontal transmission 
(as opposed to vertical transmission studied using 
diffusion chains and the replacement method) or 
how individuals in the same generation learn from 
and adapt to each other. Nicolas Fay and colleagues 
have shown that interaction in closed groups encour-
ages the propagation and adoption of efficient, effec-
tive graphical symbols. This method also allows a 
closer examination of prestige biases or whether 
learners might use various cues to determine if par-
ticular individuals might be more adaptive to learn 

from than others. Finally, as they lack generational 
turnover, closed-group studies provide a useful con-
trol for studies that investigate the effects of vertical 
transmission.

In contrast to most work on language develop-
ment, the majority of experimental work with iter-
ated learning and other models of cultural trans-
mission has thus far involved adult rather than child 
learners. It is perhaps surprising that cultural trans-
mission results in the emergence of linguistic features 
even when the learners are not, as is typical for real 
language acquisition, children. It is possible that, at 
least for the relatively simple languages that have been 
investigated in existing studies, the key requirement is 
that learners be naïve—that is, that fresh minds learn 
and reproduce the languages—rather than necessar-
ily being child learners. However, known differences 
between child and adult learners may also affect how 
the mechanisms of cultural transmission operate, and 
this remains a direction for future research. 

Kenny Smith
Catriona Silvey

University of Edinburgh
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Meta-Linguistic	Awareness
Young children learn and use language as a tool to 
communicate: They name things and express needs, 
desires, and emotions. At some point in development, 
children may become aware of the structure of lan-
guage and therefore become sensitive to the formal 
features of language, such as its phonology, morphol-
ogy, or syntax. This sensitivity, often called implicit 
awareness, allows children to discriminate between 
linguistic units or to judge the correctness of sen-
tences. Once sensitive to the form of language, chil-
dren may become able to manipulate explicitly the 
different formal aspects of language. The sensitivity 
and ability to manipulate units of language belong 
under the umbrella term of metalinguistic awareness 
because children move away from meaning to focus 
on form. Metalinguistic awareness is of interest for 
two reasons: first, it predicts growth in literacy per-
formance; second, it tends to be particularly weak 
in children with language impairments. Moreover, it 
increases with age and reading skills. Three aspects of 
metalinguistics skills have received much attention, 
namely, phonological, morphological, and syntactic 
awareness. Each of these skills is described below.

Phonological awareness is an umbrella term that 
refers to children’s ability to reflect on the sound 
structure of words. It is the most studied metalinguis-
tic skill and has its own entry in this encyclopedia. 
The development of phonological awareness proceeds 
from an awareness of larger units of language such as 
words within compound words, to syllables, to pho-
nemes. Phonemes are individual speech sounds and 

correspond roughly to the sound made by a letter of 
the alphabet. Because alphabetic orthographies mark 
language at the phoneme level, it makes sense that 
children who can manipulate the phonemic units of 
oral language would find it easier to understand and 
use the alphabetic principle during reading acqui-
sition. Indeed, phonological awareness is strongly 
linked to literacy skills, and intervention research has 
shown that promoting phonological awareness, often 
in combination with the use of letters, can facilitate 
the acquisition of reading. Phonological awareness 
is measured with a variety of tasks for which the dif-
ficulty level depends on the size of the unit and the 
degree of manipulation required. Larger units, like 
rimes and syllables, are easier for children to manipu-
late than are individual phonemes. For instance, it is 
easier for children to say successfully toothbrush with-
out tooth than it is to say fat without /f/. Moreover, 
tasks that require children to assess whether words 
have the same sounds (e.g., Which of these words 
does not start with the same sound? bike, net, bed, 
boat) are easier than tasks that require children to 
segment or delete phonemes from words (Say chimp 
without /m/).

A second form of metalinguistic skill is morpho-
logical awareness. Morphological awareness refers to 
children’s ability to reflect on the meaning structure 
of words or morphemes, that is, on the smallest units 
of meaning in words. Words are said to be morpho-
logically complex when they contain more than one 
morpheme. For the purpose of this entry, there are two 
types of morphemes, namely, inflectional and deriva-
tional morphemes. Inflections are suffixes that mark 
grammatical information such as the tense and person 
of verbs (played and plays), the plural form of nouns 
(hat and hats), and the comparative relations among 
adjectives (easy and easier). In contrast, derivational 
morphemes change the meaning of base words and 
can, therefore, change the word class of the derived 
word (verb to adjective: help to helpless; verb to noun: 
dance to dancer). 

Given the difference in complexity, children mas-
ter most inflections before they reach formal school-
ing, but they will not experience important growth in 
derivational knowledge until receiving three to four 
years of formal schooling. That is, most learning about 
derivational morphology occurs after children have 
had sufficient reading experience to build an ortho-
graphic lexicon (that is, representations in memory of 
the spelling of words). This being said, there is some 
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evidence showing that children show awareness of 
derivational morphology prior to Grade 1 when the 
tasks are simplified. Most tasks to assess morphologi-
cal awareness test the relation between a base form 
(warm and dance) and a derived (warmer) or an 
inflected form (dances). Some tasks require children 
to make judgments about the correctness of deriva-
tives (A small river is a riverlet); others require children 
to decompose morphologically complex words into 
morphemes (Runner. How fast can she ___?); and yet 
others require children to produce morphologically 
complex words (Warm: He chose his jacket for its ___.).

Correlational evidence shows that morphological 
awareness has a robust, moderate relation to reading 
and spelling and that this association holds even when 
we control statistically for children’s vocabulary and 
phoneme awareness. Intervention studies, designed 
to assess the causal role of morphological awareness 
to children’s reading and spelling, have shown that 
children trained in morphological awareness outper-
form children in control groups on general measures 
of reading or spelling. However, children trained in 
morphological awareness do not outperform chil-
dren trained in phonological awareness. It may be the 
case that training that aims to foster growth in mor-
phological awareness might have limited success if a 
child’s phonological skills are weak.

A third form of metalinguistic skill is syntactic or 
grammatical awareness. Syntactic awareness refers to 
children’s ability to reflect on the order and the inter-
dependence of words within a sentence. The develop-
mental pattern is from being able to perform simple 
detection tasks to performing more complex tasks 
that require one to manipulating words in sentences. 
Initially, children become able to detect when sen-
tences contain syntactic errors (The boy eat his cake) 
and eventually become able to repair these errors. 
Later still, children can form a syntactically correct 
sentence by reordering a series of jumbled words (eats 
boy the cake his). Syntactic awareness might help chil-
dren to read words and comprehend them by mak-
ing use of the sentence context. The correlational 
evidence available shows that the association between 
syntactic awareness and reading differs according to 
the tasks used, the age at which the children were 
tested, as well as whether one is measuring word read-
ing or reading comprehension. The association seems 
to be more robust once children have sufficient word 
reading fluency and when the syntactic tasks require 
children to reorder jumbled words into a sentence. No 

intervention studies were found that tested the causal 
role of syntactic awareness in reading growth.

Three additional points should be considered 
with regard to metalinguistic skills. First, the avail-
able evidence generally finds that phonological, mor-
phological, and syntactic awareness are moderately 
associated with each other as well as with vocabulary 
knowledge. At present, however, there is no definite 
model to explain these links. A second point is that 
some evidence is showing that bilingual children 
have greater metalinguistic awareness than do mono-
lingual children. Recent findings, however, suggest 
that this advantage might be influenced by the degree 
of overlap between languages spoken as well as chil-
dren’s educational experiences. Third and final, most 
of the research so far pertains to alphabetic languages 
in general, and to English in particular, although 
more and more work is being conducted on non-
alphabetic orthographies such as Chinese. Interest-
ingly, there is some evidence that suggests that, in 
Chinese, morphological awareness might be more 
important in predicting early reading than is phono-
logical awareness.

Monique Sénéchal
Carleton University
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Metaphor
Metaphor is key to a full-fledged expression and 
understanding of any abstract concept. As such, 
its mastery constitutes an important milestone for 
both linguistic and conceptual development. Pre-
vious developmental work on metaphor primarily 
focused on two types of metaphors: perceptual meta-
phors that convey feature-based similarities between 
objects (e.g., a balloon is like a lollipop) and structural 
metaphors that convey relational mappings between 
conceptual domains (e.g., temperature-to-person-
ality, such as the manager is lukewarm). The typical 
developmental progression in children’s metaphori-
cal abilities begins with the emergence of perceptual 
metaphors in the first few years of life soon after 
children begin to produce their first words, followed 
by the onset of more complex structural metaphors 
beginning around age 5 and extending all the way to 
the middle-school years. 

Perceptual	Metaphors
Similarity plays a key role in language development 
as it constitutes the child’s first foray into aligning 
two different representations within a unified frame. 
As such, the expression of relations between objects 
based on commonalities in their features (e.g., a ball 
is round like the moon) stands out as an important lin-
guistic achievement––one that is likely to serve as the 
stepping-stone for the development of more complex 
metaphorical abilities. Children begin to understand 
and produce similarity metaphors shortly after they 
begin to speak, and these abilities improve with age. 
So 2- to 3-year-old children can produce simple per-
ceptual metaphors in spontaneous speech to compare 
objects that look alike or that are functionally simi-
lar to one another. For example, a child might say, “A 
bird’s beak is like a nose,” because both objects are 
pointy, white in color, located on the face, and serve 
somewhat similar functions. More impressive, even 
younger children at the one-word stage use gesture 

and speech together to convey perceptual similarities 
between objects (e.g., beak+point to own nose) before 
they begin to express such perceptual metaphors 
exclusively in speech using the word like as an explicit 
comparison marker (my nose is like a beak). 

The incidence of such early perceptual metaphors 
gives way for a period rich in lexical innovations in 
preschool years: 3- to 4-year-old children spontane-
ously produce novel expressions that highlight simi-
larities between objects, describing, for example, a 
mushroom as looking like an ice-cream cone or a 
crescent-shaped white beard as looking like the moon. 
Children of this age are also able to reliably choose 
sentence endings based on similarity when asked 
about expressions that involve comparisons between 
objects in experimental contexts (e.g., a river is like 
a snake). By age 5, children can even use similarity-
based explanations to justify their choices in such 
experimental tasks; they might, for example, explain 
the perceptual metaphor a balloon is like a lollipop by 
indicating that both balloons and lollipops are round 
and colorful. In summary, children can both under-
stand and produce perceptual metaphors soon after 
they begin to produce their first words—an achieve-
ment that also marks the beginnings of metaphorical 
ability and that might even play a facilitative role in 
children’s ability to notice and express relational com-
monalities between objects.

Structural	Metaphors
Children’s mastery of structural metaphors covers a 
wide age span, from early kindergarten to middle-
school years and beyond. The developmental trajec-
tory associated with structural metaphors follows two 
important changes: One is the shift from mappings 
based on feature-based commonalities (e.g., a cloud 
is like a sponge means both clouds and sponges are 
round and fluffy) to commonalities based on rela-
tional structure (e.g., a cloud is like a sponge means 
both clouds and sponges contain water). The former 
involves conveying metaphors based on common 
object attributes, such as shape, size, and color (i.e., 
perceptual metaphors), and provides the stepping-
stone for the latter, which involves building more 
abstract correspondences between disparate domains 
based on underlying common relational structure, 
independent of the attributes of objects expressed in 
the metaphor. For example, in the metaphorical map-
ping theories are buildings, the relational structure of 
a building is aligned with the structure of a theory, 
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giving rise to metaphors such as the foundation of his 
theory was weak, his theory collapsed under pressure, 
and the theory has a solid foundation—even if the 
two objects (theory and buildings) do not share any 
commonalities in their features. The other important 
change in children’s metaphor development is the 
shift from an exclusive focus on only one domain of 
the metaphor (typically the source) to a more inte-
grated understanding of metaphor as involving both 
source and target domains (e.g., mapping from the 
source domain of temperature to the target domain 
of personality as in the teacher is cool). 

In most of these early structural metaphors, chil-
dren typically map physical terms onto abstract con-
cepts, such as referring to someone as cold as ice to 
indicate how unemotional that person is. The emer-
gence of such structural metaphors can even become 
evident as early as age 5, particularly when the source 
or target domains of the metaphors are familiar to 
children. For example, 5-year-olds can both under-
stand and explain metaphors structured by motion 
(e.g., ideas run through the mind or time flies by)—a 
source domain that structures a wide range of 
abstract concepts. 

This developmental progression also becomes evi-
dent in children’s gestures: 3- to 4-year-olds, when 
asked to describe the metaphorical motion of abstract 
concepts, typically perform whole-body enactments 
conveying physical motion, namely source domain 
meaning, such as running back and forth in the room 
when asked how ideas run through the mind; 5- to 
6-year-olds, on the other hand, produce metaphori-
cal hand gestures that convey information about the 
metaphorical mapping in spaces appropriate for the 
abstract concept (e.g., circling fingers rapidly around 
the head to convey ideas running). Overall, the devel-
opment of structural metaphors expands over an 
extended time span—roughly ages 5 to 14—and the 
trajectory of this development is influenced by sev-
eral factors, ranging from the child’s knowledge of 
the source and target concepts and familiarity of the 
metaphorical mappings to the linguistic demands of 
the experimental metaphor tasks.

Metaphor is pervasive in human communication; 
it also plays an important role in abstract thinking 
by structuring concepts and perhaps even facilitating 
changes in children’s understanding of abstract con-
cepts. Children show early evidence of metaphorical 
abilities: They perceive and express perceptual meta-
phors highlighting similarities between objects soon 

after they produce their first words; they also begin to 
express and understand increasingly complex struc-
tural metaphors at school entry. More recent work 
also highlights the importance of bodily action in the 
development of metaphorical abilities, with children 
achieving milestones in metaphor development in ges-
ture prior to attaining the same milestones in speech.

Şeyda Özçalışkan
Georgia State University
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Metrical	Segmentation
Metrical segmentation is one of several proposals 
intended to help explain how listeners are able to 
segment fluent speech (which does not have reli-
able word-boundary information) into word forms, 
allowing word form acquisition in infancy and word 
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form retrieval in view of lexical access in both infancy 
and adulthood. More specifically, it states that stressed 
syllables are used as candidates for word onsets. It was 
originally established for English adults, who were 
found to use stressed syllables as word onsets in tasks 
in which they have to retrieve a real word embed-
ded in a pseudo-word. It was found to generalize to 
German and Dutch adults. This metrical segmenta-
tion strategy is appropriate for the processing of these 
languages, given that most words in these languages 
are stress initial (e.g., 90 percent of English words are 
stress initial). Accordingly, in these languages, such a 
procedure could be useful not only for adults to rec-
ognize words but also for infants to learn the sound 
patterns of the words of their native language.

However, languages differ in the unit defining their 
basic rhythm: the trochaic unit (or stress initial sequence 
of two or three syllables) for stress-based languages, 
the syllabic unit for syllable-based languages, and the 
mora (a mora is a subsyllabic unit corresponding to 
either a consonant-vowel (CV) unit, the lengthening of 
a vowel, a geminate consonant, or a nasal consonant 
in coda position of a syllable; therefore, the syllable /
hon/ is bi-moraic: /ho/-/N/) for mora-based languages. 
It was thus proposed that the metrical segmentation 
strategy would be useful for stress-based languages, 
such as English, German, and Dutch, but not for syl-
lable-based French, Spanish, Catalan, and Portuguese, 
or mora-based Japanese. Adult studies confirmed this 
proposal: French, Spanish, Catalan, and Portuguese 
adults use a syllable-based procedure, while Japanese 
adults use a mora-based procedure. Therefore, a more 
general proposal has been offered, called the period-
icity bias or rhythm-based segmentation hypothesis, 
according to which infants and adults use the rhythmic 
unit of their native language to segment speech.

If different procedures are used cross-linguistically, 
then one needs to establish that these procedures are 
acquired during development as a reflection of the 
rhythmic properties of the native language and deter-
mine how they are acquired. If these procedures are 
conceived as crucial for lexical acquisition (and in par-
ticular for the acquisition of word forms), then they 
should emerge around the onset of lexical acquisi-
tion, by 6 to 12 months of age. Two types of evidence 
support the acquisition of the metrical segmenta-
tion procedure during the first year of life. First, it 
has been shown that English- and German-learning 
infants develop a bias for trochaic words (prefer-
ence for trochaic words over words with the opposite 

iambic—stress-final—pattern), but French-learning 
infants do not, which is interpreted as evidence for the 
language-specific acquisition of the rhythmic trochaic 
unit in stress-based languages. Second, there is evi-
dence from English- and Dutch-learning infants that 
word forms with trochaic patterns are segmented ear-
lier than word forms with iambic patterns, a develop-
mental pattern not found in French-learning infants. 
For example, in English, infants are able to recognize 
a target bisyllabic word, following familiarization with 
that word, by 7½ months of age if the word has a tro-
chaic pattern but only by 10½ months of age if it has 
an iambic pattern.

At present, little is known about how these pro-
cedures are acquired. For example, they could be 
acquired based on newborns’ ability to discriminate 
between languages with different types of rhythms 
(stress- versus mora-based or stress- versus syllable-
based). Alternatively, the specification of the metrical 
segmentation procedure could follow the acquisition 
of a few word forms uttered in isolation. However, 
no direct evidence was ever provided in support of 
these hypotheses, and further studies will be needed 
to clarify this point.

In summary, the metrical segmentation proce-
dure is one of several rhythm-based procedures that 
are thought to allow infants to segment fluent speech 
into word-like units and thus learn the sound pattern 
of words. However, many studies have shown that 
infants also use other cues to segment fluent speech, 
such as information regarding distributional proper-
ties of syllables, phonotactic information, or known 
words, and many studies are trying to understand 
how infants’ use a weighted combination of these dif-
ferent cues in order to develop efficient ways of seg-
menting fluent speech.

Thierry Nazzi
Paris Descartes University
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Milestones	in	Language	
Development
From conception to maturity, milestones of lan-
guage development are now known to occur earlier 
than ever seemed possible right up until about a 
decade ago. Since then, the chronology of milestones 
achieved from conception forward has been adjusted 
more and more in the direction of earlier rather than 
later achievements. Human babies, especially before 
birth and immediately after, are more precocious than 
previous generations of theoreticians, researchers, 
pediatricians, and clinicians ever imagined.

Linguistic	Development	Before	Our	Very	Eyes
Previously nonexistent technologies are now produc-
ing videographic records consisting of detailed mov-
ing pictures of conscious and volitional activities in 

pre-birth development. Similarly, post-birth video-
graphic records now numbering about a million are 
being published on the Internet by observers world-
wide and are being added at an accelerating pace. 
A YouTube search on March 25, 2013, for the word 
infant yielded 779,000 hits.

Many of those records are forcing changes in theo-
ries of developmental progress in language acquisi-
tion and are enriching the database for parents, stu-
dents, researchers, and theoreticians to study. Detailed 
records of language development are becoming 
increasingly accessible through videographic records 
that can be examined and re-examined by researchers. 

Figure 1 gives a summary of milestones begin-
ning at conception and moving forward to adult lan-
guage capacity. The idea of a growth spiral is useful 
in suggesting the infant’s physical growth as well as 
the ongoing maturation of physical and psychological 
capacities including sensation, movement, attention 
span, memory, and representational abilities.

By the end of the first trimester of gestational 
development (between points 1 and 2 in Figure 1), 
unborn human babies already show their uniqueness 
from other species with respect to stepping move-
ments in an upright posture, opposition of thumb 
and forefinger, delicate movements of the digits in 
thumb-sucking, balling the fists, rubbing the eyes, and 
scratching an itch. The ability to bring the thumb to 
the mouth, or to scratch a particular part of the body’s 
surface, or to rub the eyes suggests forethought, con-
sciousness, and willful intention. Such voluntary 
movements presage the grammatical system of any 
language the baby will learn. Consider the arguments 
of the verb implicit in the prenatal action of thumb-
sucking. The unborn baby does not stick its thumb 
in its eye or nose but in its mouth. The infant acts as 
agent, performing the transitive act of sucking with its 
mouth, the instrument enabling the act, and with the 
thumb serving as the direct object of that intentional 
action. Such actions with particular differentiated tar-
gets suggest conscious brain activity far beyond the 
level of a reflex like the kick elicited by a doctor in 
striking the patellar tendon of a more mature indi-
vidual. Before the unborn human achieves a length of 
2 inches in height, it can already move its digits and 
limbs; walk around the wall of the amniotic sac; leap, 
turn, and twist like a tiny gymnast; and perform what 
is called fetal breathing and swallowing.

By about the middle of the pregnancy (less than 
halfway between points 2 and 3 in Figure 1), the 
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unborn baby can already hear, see, touch, and evi-
dently smell and taste. Research shows sensitivity, 
for instance, with respect to coffee or other pun-
gent foods and liquids that mother has consumed. 
The fact that both nicotine and caffeine impact fetal 
breathing and swallowing suggests that the prenate 
can both smell and taste chemicals in the amniotic 
fluid. An unpleasant or toxic smell or taste can stop 
fetal breathing and swallowing for days at a time. 
Similarly, an unborn baby may show discomfort in 
response to bright sunlight, loud noises, angry talk, 
and the like before the end of the second trimester. 
By contrast, pleasant conversations, soft music, and 
consumption of healthful food and drink by mother 
are all associated with calm activities by the prenate, 
suggesting comfort and well-being. Unborn babies 
during the second trimester (between points 2 and 
3 on the growth spiral) can be neurologically injured 
by procedural pain, as has been shown by Suzanne 
Brummelte and colleagues in magnetic resonance 
imaging of the brains of premature infants born 
between 24 and 32 weeks. The claim that prenates 

and neonates are not sufficiently developed to expe-
rience pain from procedures routinely employed in 
neonatal intensive care units and sometimes with 
full-term neonates is plainly false, as noted earlier by 
Martin Ward Platt. Along with acceptance of earlier 
development of capacities for sensation, movement, 
and cognition comes a new awareness by caregivers 
of vulnerabilities to injuries that impact attainment 
of subsequent milestones. 

The	Human	Interest	in	Language	Before	Birth
Unborn babies are interested in the talk they hear 
in the womb before the end of the second trimes-
ter (point 3 on the developmental spiral). Just as an 
adult may momentarily stop breathing and cease 
voluntary movement to attend closely to something 
of interest, evidence of special interest in stimuli 
that were formerly thought to be undetectable by 
an unborn baby can be seen in slowed heart rate, 
momentary reduction or halt in fetal breathing, and 
temporary cessation of movement. By about the 
middle of the second trimester, and certainly by the 

Figure	1 The growth spiral of language development laid out in stages with key milestones indicated       

Source: John W. Oller, Jr., Stephen D. Oller, and Stacy N. Oller, Milestones: Normal Speech and Language Development Across the Life 
Span, 2nd ed. San Diego, CA: Plural Publishing, 2014. Reprinted with permission, all rights reserved.

1 Conception; 2 sucking thumb, steps, leaping in womb in first trimester;
3 smiling in third trimester; 4 mapping voice to face at birth, imitating facial expressions;
5 cooing and
imitating
intonational
contours at
three months;
6 canonical 
babbling by
6 months,
receptive 
repertoire of
several words;
7 first word
produced at
about one year post
birth; 8 two-word stage
at about 2 years of age;
9 progressive aspect, tense marking,
plurals, and morphosyntax at about 3 years along with differentiation of pretent and
play-acting from intentional real action and representations; 10 errors differentiated from
fictions at about 4 or 5 years; 11 mistakes differentiated from lies at about 5 to 8 years;
12 mature abstractions and inferences attained between 12 years and about 18 years
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end of it (point 3 on the developmental spiral), the 
unborn baby can hear sounds across the range of 
frequencies that are crucial to distinguishing the syl-
lables and prosodic features of its mother’s language. 
It used to be supposed that speech sounds heard 
from within the womb would be too muffled to be 
intelligible. However, by inserting a microphone into 
the womb of a sheep, in 2003, researchers at the Uni-
versity of Florida led by Sherri L. Smith and Kenneth 
J. Gerhardt showed that any fairly loud speech heard 
by the developing baby during gestation is about as 
intelligible as the speech heard outside the womb in 
the open air. More recently, in 2012, Renaud Jardri 
and colleagues have demonstrated that unborn 
babies recognize and distinguish their mother’s voice 
by about 33 to 34 weeks into the pregnancy—from 
6 to 8 weeks before a full-term birth (before point 4 
on the spiral). Also, even before birth, the unborn 
baby is already distinctively sensitive to the rhythms 
of its mother’s language, as contrasted with a foreign 
language, and is already displaying a range of facial 
expressions including the human social smile with 
crinkled eyes and upturned cheeks as shown in the 
work of Stuart Campbell (see Figure 2).

At birth, point 4 on the developmental spiral of 
Figure 1, newborns prefer speech sounds over other 
noises and can already distinguish syllables such as 
ba and pa as well as distinct sounds at any position 
in a syllable: beginning, middle, or end. After birth, 
within minutes of exposure to their mother’s speech, 
the awake neonate is able to map the mother’s famil-
iar voice to her previously unknown bodily appear-
ance, giving special attention to her face. This map-
ping occurs rapidly because the familiar voice directs 
the baby’s attention to the moving face of the person 
producing the rhythmic speech sounds. Because the 
rhythms of the familiar voice and speech sounds are 
precisely coordinated with the movements of the 
mother’s face, the baby quickly reaches the correct 
understanding that the familiar voice is being pro-
duced by the person who is speaking. This discovery 
marks the beginning of the pragmatic mapping pro-
cess by which a distinctly linguistic symbol, the moth-
er’s voice, is correctly associated with her uniquely 
individual face. Neonates can evidently recognize at 
birth any voice that they heard during gestational 
development, and they are also able rapidly to learn 
new voice-to-face mappings, even for strangers.

Integrated	Senses	and	Innate	Linguistic	Concepts
Formerly, it was supposed by many theoreticians and 
clinicians that newborn babies cannot focus their eyes, 
cannot hear well, and need weeks or even months of 
learning to coordinate sight with sound and with other 
sensations. Such claims, however, are proved incor-
rect by neonates imitating various facial expressions 
modeled by an adult. If the newborn could not see the 
facial expressions such as tongue extrusion, wide eyes 
of surprise, open mouth, or an extended index fin-
ger, how would it be possible for the neonate to imi-
tate such expressions? Yet, the research and a growing 
body of videographic documentary evidence show that 
newborns can do all these movements in response to 
adult modeling. Such responses may take considerable 
time, about a minute or so, for the infant to produce. 
As the infant tries to produce the modeled expression, 
say, sticking out its tongue, there may be several failed 
efforts along the way before the baby succeeds. Although 
some behaviorists maintain that prenates and neonates 
are only capable of reflexive movements, ones that do 
not involve volitional intentions and deliberate effort, 
not to mention the higher brain functions involved in 
thinking and goal-directed actions, the videographic 
evidence refutes any such claims.

Figure	2 Baby smiling in the womb

Source:  Retrieved March 20, 2009, from London’s Create 
Health Clinic, http://www.createhealth.org/. Reprinted with 
permission, all rights reserved.
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It is evident that newborns are capable of deliber-
ate actions, such as imitating an adult facial expres-
sion. Such movements by the newborn, who cannot 
see its own face, require taking account of visual 
stimuli outside itself and translating the visual images 
into coordinated movements to achieve a matching 
expression that the infant can feel in its own body 
but cannot see. The fact that such actions can be per-
formed by a neonate, as Thomas G. R. Bower and col-
leagues have argued, shows that the senses are actually 
well integrated at birth and that neonates are capable 
of efficient translations across the distinct modali-
ties of seeing, hearing, and touching. Smell and taste 
are also involved in helping the neonate recognize its 
own mother, especially if the preferred approach of 
breast-feeding is used. For all these reasons and more, 
Bower has suggested that the infant is born with an 
innate conceptual system that is abstract and linguis-
tic in nature. Another voluntary action that human 
neonates can perform is to produce nondistress vocal-
izations at birth. They can sometimes be observed to 
do so repeatedly and in a turn-taking relation with an 
adult who answers the infant’s vocal sounds. These are 
sometimes described as nasalized cooing sounds, and 
they resemble speech events both because they can 
be imitated by an interacting adult and because the 
baby’s vocalizations are sharply different from grunts, 
burps, distress cries, and other bodily noises.

Between birth, at point 4 on the spiral, and about 3 
months of age at point 5, the baby will be able to imi-
tate vocalic productions by an adult, is able to differ-
entiate vowels and contours, and will work to produce 
a vocal contour modeled by an adult. It has also been 
shown that 1-month-old infants who were exposed to 
a certain melody three weeks before birth have a dis-
tinct memory of that same melody. They demonstrate 
their memory in the experimental paradigm known 
as high-amplitude sucking (HAS). The procedure, 
pioneered by Bower and colleagues, involves a spe-
cially equipped pacifier that measures the strength and 
number of times a baby sucks on it. The pacifier is con-
nected to a computer presenting a stimulus, say, a pic-
ture of the baby’s mother as contrasted with a stranger, 
or a recording of the mother’s talk versus another 
voice, or a familiar melody versus an unfamiliar one. 
The infant can cause the stimulus to be repeated or to 
be prolonged by sucking. As a result, it is reasonable to 
infer that, when HAS occurs, it is indicative of interest.

That paradigm, and similar ones, has been used to 
demonstrate early preferences within days to a month 

after birth for the baby’s native language, for record-
ings of speech directed to an infant rather than speech 
between adults, and for a picture of a face making an 
articulatory movement that matches a sound heard 
versus one that does not match. For instance, infants 
prefer a picture of a person with flat and spread lips 
saying the vowel of eat ([i] or eeeeee) when hearing 
that sound over a mismatched picture of the same per-
son with rounded lips as needed in the production of 
the vowel in the word do ([u] or ooooo). Thomas G. 
R. Bower and colleagues took the issue a step further. 
They found that newborn babies of English-speaking 
mothers who have neither heard nor ever seen anyone 
produce the high front rounded vowel of French tu—
phonetically written as [y], a vowel that does not occur 
in English at all—seem to know implicitly that it can-
not be produced with lips flattened and spread in the 
[i] shape. Bower and his colleagues suggested that the 
association of lip shapes with vowel sounds seems to 
be innate. Their findings are consistent with the theory 
of Noam A. Chomsky, who has insisted since at least 
the middle 1970s that human infants have a biological 
special design enabling language acquisition.

From	Babbling	to	the	First	Word
By the time the infant reaches about its sixth post-
natal month (and coincidentally point 6 on the devel-
opmental spiral), two additional milestones will soon 
be achieved. For one, the infant will be able to repeat a 
syllable such as [ba] several times in a row, [bababa]. 
Such repetitive productions are called canonical bab-
bling—a term proposed by D. Kimbrough Oller in 
the 1970s and that has since been widely adopted. 
Untrained parents can generally say whether or not 
their own child has reached this stage, making it a use-
ful landmark for normative development. Long-term 
delay in canonical babbling is a reliable indicator of 
risk for autism and other disorders. Additionally, dur-
ing the same period, children will also have achieved a 
receptive vocabulary of quite a few words. It is worth 
noting that the production of canonical babble espe-
cially involves motor development, while comprehen-
sion of words requires the abstraction of referential 
meanings. The latter development involves the prag-
matic mapping of surface forms of words onto the 
entities, actions, and relations which they signify, just 
as the mother’s voice was associated with her talking 
and moving face shortly after birth.

Elika Bergelson and Daniel Swingley demonstrated 
that, between 6 and 9 months of age, infants can show 
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by pointing or looking to objects or pictures that they 
know the meanings of quite a few common words. 
Independently, Robert C. Titzer demonstrated some 
years earlier that a normally developing infant can be 
taught to demonstrate receptive comprehension of 
many printed words by 9 months of age. The research 
and videographic documentation show that babies 
can learn to understand many spoken and printed 
words well before they are able to say any of them. 
These findings are consistent with the long-standing 
claim of Stephen D. Krashen that comprehension 
must precede production in language acquisition. 
Although many of Krashen’s publications were spe-
cifically about second language acquisition, his the-
ory is also evidently true of both early child speech 
comprehension and early literacy. More recently, the 
theory of abstraction has provided a detailed road 
map predicting the results of Titzer and also of Ber-
gelson and Swingley and explaining why it is essential, 
as Krashen argued long before, for comprehension to 
precede production. In brief, the theory of abstrac-
tion shows why it is essential for the baby first to dis-
cover the boundaries of bodily objects, especially of 
those that move and talk, before being able to track 
their movements over time. Likewise, the tracking of 
movements must occur prior to the association of 
spoken or written words with the persons, things, and 
changing sequences of events onto which those writ-
ten or spoken symbols are conventionally mapped. 
Simply put, the progression logically must proceed 
from first differentiating bodily objects (especially 
persons) to secondarily discovering their movements 
and relations in space and time to thirdly deciphering 
the meaningful symbols that refer to those things and 
their relations.

Pragmatic	Mapping	Leads	to		
Meaningful	Combinations
To discover that the printed word foot refers to a par-
ticular body part, 9-month old Aleka must map the 
printed word (a linguistic symbol) onto the physical 
object (her foot) through a perceivable action (one 
that looks from the word to the object). For such a 
pragmatic mapping to succeed, the symbol, whether it 
is a spoken or printed word or a holistic phrase, must 
be correctly associated with its object. For that asso-
ciation to occur, the word or phrase must be true of 
its object. To be true in this mundane and ordinary 
sense, it is only necessary that the symbol be used 
in the common, conventional way. To demonstrate 

comprehension in the experimental work of Bergel-
son and Swingley, the child only had to look to the 
thing named. In Aleka’s case, she singled out the object 
or action referred to by demonstrating the action or 
pointing out the object unambiguously.

About three months later, by point 7 on the growth 
spiral, the normally progressing child will be able to 
produce a first word that will be intelligible to adult 
interlocutors. Given another year, by point 8, the child 
will pass through what is called the vocabulary spurt, 
with a productive repertoire of 50 or more words, 
and will begin to combine words of distinct mean-
ings to produce genuine two-word sequences such as 
Pop hat, meaning that a particular hat belongs to the 
person the child refers to as Pop, and Mimi house as 
distinct from Mama house, meaning the place where 
grandmother lives versus the place where mother 
lives, and so forth. 

Discerning	Ordinary	Truth	From	Fictions,		
Errors,	and	Lies
By point 9 on the growth spiral, the child at about 3 
years of age will differentiate points of view of self and 
other, distinguish present tense from past and future, 
and be able to distinguish playacting from real and 
intentional acts. Between points 10 and 11, roughly 
by years 4 and 5, normally developing children will 
be able to explain in words the difference between 
pretending to believe something false and actually 
believing it. That is, the child will know the differ-
ence between a fantasy (Peter Pan can fly) and a belief 
that is in error (Billy thought the door was open but 
bumped into the glass). 

Between points 11 and 12, by about ages 6 to 8, the 
normally developing child will be able to explain the 
difference between a mere error, thinking the door 
was open when it was not, and a deliberate lie, for 
instance, being told that closing your eyes while jump-
ing from the roof will enable you to float down like 
a balloon rather than falling like a rock. After point 
12, usually sometime between ages 12 and 18 years, 
individuals reach the stage of adult maturity, and they 
achieve a level of proficiency in their native language 
that enables them to understand and produce a vir-
tual infinitude of well-formed linguistic strings never 
before encountered and to differentiate well-formed 
strings from nonsensical ones.

John W. Oller, Jr.
University of Louisiana at Lafayette
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Morphological	
Development
The main focus of this entry will be morphologi-
cal development of the two main word classes, verbs 
and nouns, in children acquiring English as well as a 
variety of other languages. The structure is as follows: 
First, a definition of morphology and general classifi-
cation of languages with regard to their morphologi-
cal properties will be given; then two perspectives on 
morphological development, the generativist and the 
nongenerativist perspectives, will be presented; and 
finally, the timing and trajectory of development of 
morphological categories of verbs and nouns in Eng-
lish and in other languages with richer inflectional 
morphology will conclude the entry.

The word morphology is composed of three parts: 
morphé (Greek μορφή) with the meaning form or 
shape, the interfix –o– and logy (Greek –λογία) 
meaning speaking, discourse, treatise, doctrine, theory, 
or science. All three parts come from Ancient Greek, 
but the term and the concept were coined by Johann 
Wolfgang von Goethe for biology. Thus, morphology 

means the study of form and its structure. Basically 
any unit, any item, any object that has a complex form 
can be investigated by morphology, for example, cell 
morphology, geomorphology, human morphology, 
and so on. The unit that is investigated by linguistic 
morphology is the smallest meaningful grammati-
cal constituent of a word form, called a morpheme. 
For example, a word can consist of three morphemes, 
such as un-predict-able and its Russian equivalent 
ne-o-zhid-ann-yj (consisting of five morphemes). In 
addition to the morphemes with similar (grammati-
cal) meaning: un– and ne–, predict– and zhid–, –able 
and –ann, the Russian adjective also exhibits an inflec-
tion –yj, which synthetically (i.e., all at once) marks 
singular number, masculine gender, and nominative 
case. Morphemes can be derivational, thus creating 
a new word with a distinct meaning and/or part of 
speech, or inflectional, thus creating a new form to 
mark a grammatical function.

According to their morphological properties, lan-
guages are traditionally divided into three classes: 
isolating, agglutinative, and inflectional. In isolat-
ing languages, for example, Chinese or Vietnamese, 
one word usually corresponds to one morpheme. 
In agglutinating languages, for example, Turkish or 
Swahili, words consist of a relatively high number of 
morphemes (each usually with a single meaning), 
which are strung  together. The group of inflectional  
languages, for example, English, uses inflectional 
morphemes to express grammatical, syntactical, and 
semantic meaning. This group distinguishes syn-
thetic and analytic languages. In extreme synthetic 
languages—a polysynthetic type—words are consti-
tuted of many morphemes, and one word is usually 
an equivalent to a sentence. See below the sentence  
I am reading this book:

Isolating: Mandarin Chinese
wǒ zài   kàn zhè 
I CONTINOUS   see this 

běn  shū 
CLASS book

Agglutinative: Swahili
ni-na-ki-soma   ki-tabu  
1s-CONT- CLASS7–read CLASS7–book

hi-ki
dem-c CLASS
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(An inflectional verb alone can also build a sentence 
in Swahili.) 

ni-na-ki-soma
1s-CONT-CLASS7–read
I am reading it

Inflectional: Analytic German
Ich les-e      dieses         Buch
I read–1.SG.PRES   this–NEUT.AKK    book

Analytic languages may have different degrees of 
morphological richness and analytics; for example, 
English exhibits a poor inflectional morphology, and 
Polish, as one of the Slavic languages, has a rich inflec-
tional morphology. These languages are traditionally 
called fusional because one inflectional morpheme 
can convey a combination of meanings, as in the Rus-
sian example ne-o-zhid-ann-yj [unpredictable], in 
which the final morpheme –yj expresses gender, num-
ber, and case at the same time

While it is a well-known fact that morphology 
investigates the change of forms, it is still a matter 
of heated debate as to which morphemes are purely 
inflectional and which are derivational. Derivation 
usually implies a change in lexical meaning (or part of 
speech), and it is less productive and less semantically 
regular as inflection. Derivative lexemes are usually 
listed in a lexicon or dictionary. A clear-cut example 
of an inflectional category is person, marked in Eng-
lish with –s, a morpheme that forms the third-person 
singular form reads from the verb read. An example of 
an English derivational morpheme is –er, which cre-
ates a new word reader with the meaning a person who 
reads. The full set of inflectional forms of the same 
word constitutes a paradigm. For example, in Russian, 
the paradigm of a word consists of 12 forms because 
singular and plural each have six cases (nominative, 
genitive, dative, accusative, instrumental, and prepo-
sitional; note that a case is a word form expressing 
the word’s relation to other words in the sentence). 
In contrast, in English, a language with no case mark-
ing on nouns but some case marking on pronouns, 
the paradigm of the word house consists of two forms: 
singular house and plural houses. For the first person 
pronoun, the paradigm consists of the nominative 
form I, the accusative form me, and the possessive 
forms my/mine.

Inflectional morphemes express the various gram-
matical categories of a word, for example, number, 

gender, case for nouns or adjectives along with aspect, 
tense, mood, person, voice, and so on, for verbs. 
While the morphological categories of nouns seem 
to cause fewer controversies, verb categories pose 
more problems. Specifically, the status of categories 
on the interface between lexicon and grammar, for 
instance, grammatical aspect compared to tense, is 
still a debated topic with little consensus. On the other 
hand, there is consensus about the status of grammat-
ical verb categories like person and number.

Researchers of morphological development in 
children are interested in the point or period when 
a certain morpheme is used productively and is thus 
considered acquired by the child. There are two main 
groups of criteria for productivity: quantitative and 
qualitative criteria. Quantitative criteria refer to a 
sufficiently large number of tokens of a target form. 
Yasuhiro Shirai introduced the criterion of the child’s 
use of more than five different verb types during a 
particular month as evidence of productivity of verb 
inflection. According to Roger Brown, productivity 
requires a consistent use of a certain form with the 
same meaning in at least 90 percent of the contexts 
where the morpheme is obligatory. So, qualitative cri-
teria usually refer to the notion of context relatedness.

Considering these criteria, it can be said that acqui-
sition of morphology begins with the construction of 
mini-paradigms consisting of at least three distinct 
inflectional forms. Further construction of a para-
digm is based on the embedding of new abstract ele-
ments into an existing system. The notion of mini 
paradigms is central for the transition from pre- and 
proto-morphology in language acquisition. During 
the pre-morphological phase of language acquisi-of language acquisi-
tion, children produce only rote-learned forms, and 
abstract morphological rules are not yet detected. 
During the proto-morphological phase, children can 
detect morphological patterns and apply grammatical 
rules to create new forms of words.

Timing	and	the	Path	of	Acquisition
In morphological development, one can distinguish 
between the timing and path of acquisition. Timing 
refers to the chronology of the emergence and pro-
ductive use of certain morphological categories as 
well as to various developmental time intervals. For 
example, after the emergence of first verbs, the whole 
range of basic inflectional forms will be acquired by 
Turkish-speaking children within about 1 month, by 
Russian-speaking children within 3 to 4 months, and 
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by German-speaking children within about 7 months. 
English-speaking children need 9 months, from the 
onset of verb production, to learn to productively use 
the third-person marker –s, as in reads. Some explana-
tions of variability in morphological development are 
discussed below. The issue of timing can be related 
to other, more general questions, namely, when and 
in what order do children acquire morphology? The 
issue of the path is related to another, more general 
question: How do children acquire morphology?

The latter question is answered differently depend-
ing on the theoretical approach to morphological 
development. The two main approaches are charac-
terized by disagreement regarding the existence of 
innate morphological parameters in a language and 
debates about the origins of grammatical categories 
and rules—whether they are learned or largely innate.

During the process of morphological develop-
ment, which is largely based on the detection of gram-
matical patterns in the input, children show a high 
degree of creativity in applying morphological pat-
terns or rules, the evidence for which can be found in 
empirical data. The examples of the words and forms, 
which do not exist in a target language but are formed 
on the basis of the rules of the language, are called 
over-generalization or over-regularization errors (for 
inflectional morphology), or lexical innovations (for 
derivational morphology).

So-called U-shaped development appears to char-
acterize children’s productive application of mor-
phological rules—for example, English-speaking 
children first correctly use irregular past tense forms 
(e.g., went) as rote-learned forms, then apply a rule of 
regular past-tense formation, which generates over-
generalization errors (e.g., goed), and later return to 
producing forms like went, having learned that verbs 
like to go are irregular. In the famous wug experi-
ment, Jean Berko Gleason in 1958 provided further 
examples of morphological productivity by showing 
that children age 4 to 7 years could utilize abstract 
morphological rules. Children’s production of regular 
plural morphology on nouns, for example, was elic-
ited by a sentence completion task in which the par-
ticipants were shown a picture and given a nonsense 
word referring to an object in the picture in a singu-
lar form: This is a wug. Then, the child was presented 
with a picture with two of the objects on it along 
with several additional sentences to elicit the plural 
form: Now there is another one. There are two of them. 
There are two ____. Children readily completed the 

last sentence with wugs. This experiment showed that 
children extract the morphological rules from input 
patterns and apply them to construct regular plural 
forms. Furthermore, this pattern is not an automatic 
outcome of lexical learning but is the result of a child’s 
attempts to reconstruct the grammatical system of the 
target language he or she is learning.

Differing	Approaches
The generativist approach postulates that children 
have some linguistic knowledge from birth. The 
knowledge of inflectional morphology, and gram-
mar in general, consists of two parts: knowledge of 
formal rules, which determine the functioning of lexi-
cal units, and innate knowledge of grammatical cat-
egories such as noun and verb. An example of a mor-
phological rule is the adding of the –es/s inflectional 
morpheme to the noun for representation of plural in 
English (e.g., book to books).

The constructivist approach treats morphemes, 
words, and constructions as the most fundamental 
units of language acquisition and emphasizes linguis-
tic knowledge as usage based, that is, with language 
structure emerging from language use and children’s 
productions dependent on their linguistic experience. 
Grammatical categories as well as rules of morpholog-
ical inflection are acquired using principles of analogy 
(e.g., the production of the plural inflection of hook 
to hooks is not determined by innate knowledge of a 
formal rule but takes place owing to the analogy with 
similar sounding pairs such as book to books).

Similarities	Across	Different	Languages
Despite the variety of different morphological sys-
tems, a similar order of grammatical development 
across different languages is widely attested. This fact 
has been shown in investigations involving a variety 
of morphologically rich languages, including Indo-
European fusional languages with case marking sys-
tems (e.g., Croatian, Russian, and Lithuanian, less so 
Greek and German), Romance languages with gram-
matical gender systems (e.g., Italian, Spanish, and 
French), and other typologically distinct, agglutinat-
ing languages (e.g., Georgian, Finnish, and Turkish).

Cross-linguistic studies of the development of 
nominal number marking in typologically distinct 
agglutinating and fusional languages report that chil-
dren acquiring start using both plural and case mark-
ing inflections by about 18 to 20 months of age. The 
opposition of plural and singular forms of concrete 
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nouns is acquired first. In a language like Turkish, 
with its highly regular plural morpheme –lar (or –
ler), nominal plural marking becomes productive 
very quickly after the first plural forms emerge in 
the child’s speech. In languages with complex mor-
phophonemics, like Finnish, the acquisition of plural 
marking takes considerably more time. Even when 
nominal plural forms appear by age 1½ in Finnish, 
noun stems do not yet carry the nominative plural 
suffix –t, and overgeneralizations are observed.

In other languages, one of the pitfalls in the acqui-
sition of number is the existence of pluralia and sin-
gularia tantum and of collective and mass nouns that 
disobey the regular logic of singular and plural forma-
tion. Children usually wish to correct this inconsis-
tency, which leads to a variety of errors (e.g., in Rus-
sian, *sánka [sled–SG] for sánki [sled–PL]; *saharίnka 
[grain of sugar sand–SG] and *saharý [sugar–PL] for 
sahar [sugar]). Another illustration of overgeneral-
ization, provided by A. Christofidou, can be found in 
Greek when children use plural forms for singular and 
plural reference (e.g., [porto]kália for both portokáli 
[orange–SG] and portokália [orange–PL]). In Ger-
man and Italian, languages in which nominal number 
is expressed both synthetically and periphrastically, 
first plural noun forms appear slightly later than in 
the other studied languages, by 2 years of age.

Studies on the acquisition of case in typologically 
close and distant languages point to a variety of lan-
guage-specific features in the morphological develop-
ment of case. In Turkish and Finnish, for example, the 
first case forms occur already at 12 to 17 months of age. 
The first case forms in Turkish are dative, accusative, 
and locative, while in Finnish, the very first are partitive 
and illative forms. This differs from the Slavic and Bal-
tic languages, where the locative usually develops after 
the genitive–accusative and dative opposition to the 
nominative. In Russian, for example, the six cases carry 
a complex system of meanings. By the age of 2, most 
Russian-speaking children can produce accusative and 
dative case forms but do not utilize the whole range of 
case markings. By 3 to 4 years of age, children produce 
case markers with reasonable competence and choose 
the right case ending according to the inflectional class 
of a noun. Difficulties arise in a limited number of 
constructions, like the so-called genitive of negotiation 
(e.g., net *kukla [there isn’t a doll–NOM.SG] instead of 
net kukly [there isn’t a doll–GEN.SG]).

In languages with the category of gender, mor-
phological development lags behind the acquisition 

of number and case, which might be due to the fact 
that children under the age of 2 or 3 years cannot 
understand the difference between sexes. Under-
standing the opposition of natural gender is crucial 
for the development of grammatical gender of ani-
mate nouns. In his seminal study on the acquisition of 
Russian, for example, A. Gvozdev noted that errone-
ous feminine agreement forms with masculine nouns 
were used until 3 years of age. This phenomenon was 
explained by the fact that female caregivers tended to 
produce input containing predominantly feminine 
forms. During further development of grammatical 
gender, the neuter gender is usually avoided. In the 
cases of nontransparent nouns, when the nominative 
form does not mark the grammatical gender unam-
biguously, children tend to make mistakes or produce 
overgeneralizations. Development of grammatical 
gender is also related to the morphology of adjec-
tives. In some morphologically rich languages, adjec-
tives agree with nouns in gender, number, and case, 
so the development of the morphology of adjectives 
relies on the same principles as the development of 
the morphology of nouns. Children start to modify 
adjective forms around 2 years of age. Agreement of 
the adjective with noun number and case is acquired 
earlier than agreement with noun gender. At the onset 
of their adjective production, children often disobey 
agreement patterns, for example nos bol’shaya (nose–
MASC big–FEM).

Cross-linguistic studies show a more or less simi-
lar order of acquisition of main verb categories start-
ing with number and person followed by tense or 
aspect. The present-tense, third-person singular usu-
ally appears first, and the second-person forms are 
acquired last. First form oppositions are represented 
cross-linguistically by infinitive, imperative, or third-
person present forms for imperfective or atelic verbs, 
for example, is running, and past tense for perfective 
or telic verbs, for example, found. Further develop-
ment of verb morphology involves augmentation of 
the paradigm toward including forms for past and 
future. During this process, the aspectual–temporal 
system develops from temporal localization toward 
more general and nonlocalized temporal concepts.

In addition to finite forms, so-called optional 
infinitives (OIs) are often erroneously used in con-
texts where a finite form is required. Explanations 
of the phenomenon of OIs have been the subject of 
intense debate. Although mention of the nongram-
matical use of infinitival verbs in matrix clauses can 
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be found in very early studies—already at the begin-
ning of the last century for Dutch, German, and Rus-
sian—active debates of the essence and properties of 
such use started with the pioneering papers of L. Rizzi 
and K. Wexler, who also introduced the terms root 
infinitives and optional infinitives.

At that point, OIs had been documented for about 
a dozen languages, including English, Danish, Greek, 
Hebrew, Icelandic, Norwegian, Russian, and others. 
On the contrary, languages such as Catalan, Spanish, 
Inuktitut, Italian, Japanese, and Polish do not exhibit 
an OI stage at all or show a very low percentage of 
subject–verb agreement errors. Various explanations, 
such as richness of agreement, the absence of pronom-
inal subjects, or the eventivity constraint, postulating 
that event-denoting predicates impact OI use, did not 
find sufficient empirical support. The empirical data 
demonstrated a very stable and protracted existence 
of OIs in morphologically rich languages with various 
aspectual categories, which is not restricted to event-
denoting predicates. Thus, this phenomenon has yet 
to find a convincing cross-linguistic explanation.

The speed of morphological development var-
ies across language and structures. One comparative 
study of nine languages suggests that the speed of 
morphological development depends on the richness 
of the inflectional morphology of the language a child 
learns. The sample of languages varied in morpho-
logical richness ranging from isolating languages with 
minimal inflectional morphology, strongly inflect-
ing languages, to agglutinating languages. Speed of 
acquisition of morphological paradigms was posi-
tively related to morphological richness, with Turkish 
inflectional paradigms being acquired the fastest. 

The Croatian, Finnish, Russian, and Yucatec Mayan 
data represented an average level of morphological 
richness and transparency in the mapping of forms 
to meanings; for these languages the speed of mor-
phological development in general was slower when 
compared to Turkish. Dutch, French, German, and 
Greek represented languages with the lowest levels 
of morphological richness; data for these languages 
supported the predicted correlation of morphological 
richness, with speed of morphological development, 
with the exception of Greek nouns, for which speed 
of development was faster than predicted. In general, 
the results showed that, the richer the morphology 
of a given language and the more transparent form-
function mapping a language exhibits, the quicker a 
child will manage to acquire its morphology.

Studies of the development of derivational mor-
phology have focused predominantly on the acqui-
sition of diminutives in a number of typologically 
different languages ranging from languages rich in 
morphology and use of diminutives to languages 
poor in morphology and lesser use of diminutives. 
I. Savickienė and W. Dressler provide a broad cross-
linguistic perspective including 12 languages in their 
work. A very brief summary of the studies allows for 
a conclusion that not only do diminutives pervade 
child-directed speech, but they also provide helpful 
cues for children, prompting language acquisition. 
For example, in Russian and Dutch, diminutives aid 
word segmentation and morphology acquisition 
because they increase regularity in word-ending and 
stress patterns.

This entry would not be complete without men-
tioning the role of frequency in morphological devel-
opment. Considering that, as John Du Bois stated, 
“Grammars code best what speakers do most,” the 
question is to what extent the input frequency of a 
given form or grammatical category affects the speed 
and path of acquisition. On the one hand, a strong 
nativist account denies any role of frequency in the 
acquisition process; on the other hand, there is evi-
dence that children most successfully acquire the 
constructions that are used most frequently in child-
directed speech. However, many studies also indicate 
that frequency alone does not explain why certain 
forms or constructions appear earlier than others. The 
semantic complexity of a given form or construction 
and the morphological richness of a particular lan-
guage also need to be taken into account. Moreover, it 
has been suggested that it is the semantic and gram-
matical complexity and not the frequency of a given 
form or construction that determine the approximate 
order and the cross-linguistic invariance in morpho-
logical development.

Conclusion
To conclude, morphological development exhibits 
both strong cross-linguistic similarities as far as the 
approximate order of acquisition of certain morpho-
logical forms is concerned as well as variation in the 
speed of development of the grammatical categories 
of nouns and verbs. Whereas in morphological devel-
opment of English, researchers assume the appear-
ance of rudimentary morphology at about 30 months 
of age, in morphologically rich languages, such as 
Slavic languages, the first inflectional oppositions are 
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used productively by about 24 to 26 months of age 
and even earlier.

Despite this difference in age range, cross-linguis-
tics similarities are evident in, for example, number 
and case inflection on nouns with singular forms 
preceding the plural and nominative case preceding 
the accusative. Also, verb inflection seems to obey a 
general order of development with the third-person 
singular present inflection appearing prior to the 
second-person forms. Thus, the milestones of mor-
phological development seem to follow a general path 
across languages, but vary in timing dependent on the 
frequency of use and transparency of the morpholog-
ical category being acquired.

In sum, because morphological development in 
children proceeds differently from adults, the richness 
of morphological marking does not impede this pro-
cess; on the contrary, it stimulates acquisition.

Natalia Gagarina
Zentrum für Allgemeine Sprachwissenschaft
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Motion	Expression
The representation of motion and space is a funda-
mental human cognitive ability. All languages encode 
motion through a variety of devices including verbs 
(enter and roll) and prepositions (into, out, and of). 
Motion terms are acquired early by language-learning 
children around the world, often on the basis of very 
few exposures. As detailed below, the acquisition of 
motion expressions is characterized by both universal 
and language-specific features.

Languages analyze motion as the displacement of 
an object (figure) with respect to a reference object 
(ground). Additionally, languages may specify the 
path of motion (to the forest or up) and the manner 
of motion (rolling or spinning). It is widely recognized 
that these and other linguistic-motion primitives cor-
respond to a set of prelinguistic, probably universal, 
conceptual-motion primitives that constrain both 
the nature and the acquisition of motion vocabulary 
across languages. Several sources of evidence support 
this position. First, some basic motion concepts are 
already available early on: Infants in the first year of 
life can reason about paths and manners of motion 
and know quite a lot about several types of motion 
events (such as moving into containers and behind 
occluders). Second, children’s earliest motion expres-
sions such as up and down are rapidly generalized to 
a wide range of events that share an abstract spatial 
similarity in a way that suggests preestablished under-
lying cognitive categories. 

Third, there are specific cases in which the way 
children acquire motion terms has been shown to be 
closely tied to the way children process motion non-
linguistically. For instance, children across different 
languages tend to use fewer path expressions referring 
to the source of motion (out and off) compared to the 
end point of motion (into and onto); relatedly, chil-
dren tend to make more specific meaning distinctions 
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when they acquire new path–end point expressions 
compared to source expressions. This asymmetry is 
closely tied to a cognitive–attentional bias that pri-
oritizes end points over sources in both children and 
adults: For instance, children are more likely to notice 
changes in a motion event if the change involves the 
end point (going into a box versus a pot) compared to 
the source (going out of a box versus a pot). Fourth, 
categories such as figure, ground, path, and manner of 
motion characterize the spontaneous gesture systems 
(home sign) of deaf children from different cultures, 
even though these children have not been exposed to 
a conventional language system. This fact suggests that 
broad motion concepts precede and guide the acquisi-
tion of the expression of motion.

Despite being rooted in a shared conceptual inven-
tory, the encoding of motion varies considerably cross-
linguistically. A prominent example is the encoding of 
path and manner of motion. Some languages such 
as English, German, Russian, and Chinese prefer to 
encode manner information in the verb and path 
information in prepositions or other elements outside 
the main verb (e.g., The bottle floated into the cave). 
By contrast, other languages such as Modern Greek, 
Spanish, French, or Turkish often encode path infor-
mation in the verb and express manner of motion in 
optional modifiers (The bottle entered the cave [float-
ing]). These cross-linguistic differences have implica-
tions for the way motion language is acquired because 
children quickly grasp and follow language-specific 
patterns for the expression of motion. 

For instance, English learners encode path concepts 
in prepositions such as in and out, while Greek and 
Spanish learners encode them in verbs with meanings 
such as enter and exit. Furthermore, language-specific 
preferences for encoding motion information affect 
how newly encountered motion terms are interpreted. 
When presented with a novel intransitive motion verb 
(She’s kradding), English-speaking children and adults 
interpret it as a manner verb, but Greek-speaking 
children and adults interpret it as a path verb, thereby 
following the verb lexicalization biases of their lan-
guage. These language-specific verb biases are present 
as early as the age of 3 and have been documented in 
a variety of languages.

Lexicalization biases in the domain of motion 
are subject to syntactic constraints in guiding the 
interpretation of new predicates: When presented 
with a novel transitive motion verb (She’s kradding 
the tree), very young children from diverse language 

backgrounds interpret the verb as encoding path. 
Thus, the semantic (relational–path) implications of 
the transitive frame trump verb lexicalization biases. 
In more mature learners, verb lexicalization biases 
interact with syntax to produce motion verb conjec-
tures: Transitivity leads adults to reliably adopt path 
conjectures in languages such as Greek or Spanish, 
where the transitive syntactic frame is consistent with 
the path-oriented verb lexicalization biases of the 
language, but in a language such as English, where 
the transitive frame contradicts the manner-oriented 
verb biases, adults are ambivalent between manner- 
and path-based verb construals.

The presence of cross-linguistic variation in motion 
encoding raises the question of whether the way 
motion concepts get expressed in language affects non-
linguistic cognition. If so, children’s attention might 
be guided toward those motion categories that are 
systematically encoded in their native tongue. Existing 
evidence argues against this possibility. For instance, 
despite the cross-linguistic differences in the encod-
ing of manner and path of motion described above, 
memory and categorization of motion events proceed 
identically in children (and adults) from different lin-
guistic communities. The precise relationship between 
children’s linguistic and cognitive representation of 
motion remains a fruitful avenue for future research.

Anna Papafragou
University of Delaware
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Multiple	Cues	in	Language	
Acquisition
The poverty of the stimulus argument has been cen-
tral to debates over the nature of language acquisition. 
The poverty of the stimulus, originally articulated by 
Noam Chomsky, contends that the language to which 
children are exposed does not contain sufficient infor-
mation to account for their ability to acquire language 
because there are an indefinite number of possible 
grammars that are consistent with their experience 
of the language. A consequence of this argument is 
that language-specific, innate constraints are neces-
sary to explain language development. An alternative 
perspective is in the empiricist tradition, whereby 
general-purpose learning mechanisms are seen to be 
sufficient for learning. Poverty of the stimulus, then, 
is viewed as mistaken because it underestimates the 
general-purpose learning mechanisms or because it 
underestimates the constraints available in the child’s 
language environment.

Studies of multiple cues have emerged as a primary 
argument instead for the richness of the stimulus and 
have proceeded by demonstrating the presence and 
informativeness of multiple cues in children’s lan-
guage environment and also through testing children’s 
sensitivity to these simultaneously available sources of 
information. Proponents of multiple cues suggest that 
the poverty of the stimulus argument is valid when 
only a single aspect of language input is considered, 
but when multiple sources are taken into account, the 
task of language acquisition is substantially simplified 
due to multiple constraints, each introduced from dis-
tinct, interacting sources of information. 

Multiple	Cues	for	Speech	Segmentation
Multiple cues for language acquisition have been dis-
cussed at numerous levels of language structure. Iden-
tifying words in continuous speech is a substantially 

difficult task facing the child because, even in child-
directed speech, there are no reliable pauses between 
words, and the speech stream is presented against a 
background of noise. Consequently, numerous infor-
mation sources have been proposed to assist the child 
in solving this task. In a now-famous series of stud-
ies, J. Saffran and colleagues showed that transitional 
statistical information between syllables in continu-
ous speech was used by children in determining word 
boundaries. Allophonic variation (different realiza-
tion of phonemes at word edges compared to word 
medial segments), phonotactic constraints (certain 
phoneme transitions usually occur within words, and 
others tend to occur between words), and prosodic 
information (stress position and syllable lengthen-
ing) have also been shown to contribute to segmenta-
tion performance. Studies of the prevalence of cues 
in natural language for speech segmentation have 
shown that single cues are at best partial in their abil-
ity to indicate word boundaries, so multiple cues are 
required in order to identify word boundaries to a 
useful level of accuracy.

Multiple	Cues	and	Learning	Word	Meanings
Another domain of language acquisition in which 
multiple cues are vital is forming mappings between 
words and their referents in the environment. How 
children determine which aspects of the environment 
are being referred to by words in the language—the 
so-called Gavagai problem of the indeterminacy of 
translation, posed by the philosopher W. V. O. Quine 
in 1960—appears to be intractable when the com-
plexity of the utterance, the environment, and the 
social pragmatics of the speech act are taken into con-
sideration. Yet, multiple cues can assist in resolving 
this mapping problem by contributing constraints. 
For instance, cross-situational statistics provide infor-
mation about the intended referent, where particular 
words and particular referents tend to co-occur across 
multiple learning situations, even if from a single 
learning situation it would be impossible to constrain 
the word–referent mapping sufficiently. Artificial lan-
guage studies that implant cross-situational statistics 
for acquisition of word–object mappings show that 
learners are able to utilize cross-situational statistics 
to learn the intended meaning of a word.

However, co-occurrence statistics are frequently 
inaccurate. Children often hear the word read in the 
presence of a book, yet they must learn that this cor-
respondence is functional rather than referential. 
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Function words also co-occur frequently with objects 
and actions in the environment; thus, the child must 
also learn that the is not the label for a book. Multiple 
cues assist in the process. Distributional information 
within the utterance constrains the possibilities for 
mapping words onto referents in the environment 
by providing cues to the grammatical roles of words 
(for example, words following the are likely to refer 
to objects, and words following you are likely to refer 
to actions). Artificial language learning studies and 
computational models of cross-situational learning 
demonstrate that including such distributional cues 
to grammatical roles in utterances improved word 
learning compared to when distributional cues were 
absent from utterances. 

Multiple	Cues	to	Grammatical	Categories
These previous studies have shown that multiple cues 
within the language constrain the range of possible 
mappings considered by the learner and facilitate 
language acquisition. A variety of other cues have 
also been noted as useful for constraining the range 
of possible referents that children may consider by 
directing their attention to the intended referent. 
Social cues (pointing with a finger or eye-gaze direc-
tion) have been shown to be critical for acquisition of 
word–object mappings. In a series of studies, R. Wu, 
N. Kirkham, and colleagues have investigated how 
such cues combine in constraining attention for word 
learning. In these studies, social cues directed infants 
to spatial locations where objects and sounds co-
occurred. Early in development (4 months), infants 
learned the spatial locations from social cues but did 
not learn the referents associated with each sound. By 
8 months, social cues were used in combination with 
sound and vision to form the mappings. Without 
the social cues, learning was substantially reduced. 
In related studies, multiple cues from sound and 
vision were necessary for infants to learn to predict 
sequences of shapes. Without the presence of multiple 
cues, infants failed to acquire the statistical structure 
of the sequences.

Poverty of the stimulus arguments have not been 
used to characterize the difficult tasks of speech seg-
mentation or word-to-world mappings because it 
is understood that the types of information used to 
resolve these tasks are necessarily dependent upon 
language experience. However, the traditional stomp-
ing ground for the poverty of the stimulus debate 
has been over grammatical category learning and, 

relatedly, syntax acquisition. From the child’s expo-
sure to the language, it is claimed that grammatical 
categories and their dependencies in syntactic struc-
ture cannot be accurately acquired. There is a consen-
sus that grammatical categories can be to a certain 
degree distinguished in terms of their usage in senten-
tial contexts, though these categories are not perfectly 
reflected by their distributional patterns. In a seminal 
paper, M. Redington and colleagues demonstrated the 
power of distributions of words for reflecting words’ 
grammatical categories. Using the co-occurrence of 
two words before and after, words could be clustered 
together in terms of grammatical category. These 
clusters respected grammatical category distinctions 
among nouns, verbs, adjectives, and adverbs and also 
nuanced distinctions within each category, such as 
animate versus inanimate nouns, or transitive versus 
intransitive verbs. Such work has since progressed to 
determine exactly what contexts are most accurate 
for reflecting grammatical categories and, in tandem, 
what contextual information children are able to uti-
lize for category acquisition. As in the other domains 
of language acquisition, using a single cue—in this 
case, distributional information—results in accurate, 
but not perfect, classification of words into gram-
matical categories. However, additional information 
regarding the phonological information of words can 
improve categorization further.

Morphology is an obvious candidate for phono-
logical information reflecting grammatical categories 
as it provides a direct correspondence between the 
grammatical category of a word and its phonological 
expression. In English, for instance, the suffixes –ing 
or –ed are frequently attached to verbs but only rarely 
to nouns (i.e., most often resulting in a gerund). Lan-
guages other than English, with richer morphological 
systems, will contain a greater abundance of phono-
logical information about grammatical categories. Yet, 
more subtle phonological information also provides 
information about a word’s grammatical category. M. 
Kelly first demonstrated that grammatical categories 
of words were distinct in terms of segmental and pro-
sodic phonological cue distributions. In English, for 
instance, nouns are more likely to contain nasals and 
low vowels and have first-syllable stress than verbs. In 
French, as another instance, nouns tend to contain 
more plosives and fewer reduced vowels than verbs. 
Individual phonological cues to grammatical category 
are language specific, but their presence appears to be 
a language universal: They have been demonstrated as 
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marking grammatical categories with high statistical 
significance in dialects from Altaic, Indo-European, 
Japonic, and Sino-Tibetan language families. 

Interaction	of	Cues
How cues interact is a key issue in explaining the role 
of multiple cues in language acquisition. In terms of 
grammatical category learning, the sources of infor-
mation for marking categories are largely complemen-
tary. Across the world’s languages, there is an inverse 
relationship between the richness of morphological 
information and the extent to which word order is 
constrained. For free word order languages, the syn-
tactic role of a word tends to be indicated by morphol-
ogy, whereas for languages with fixed word order, the 
syntactic role is reflected in relative position in the sen-
tence, and such languages tend to have depleted mor-
phological systems. Thus, grammatical category infor-
mation is stored to varying degrees in distributional or 
morphophonological information across languages. 

Within a language, there is also evidence of inter-
activity among different cue types. For nouns, distri-
butional information provides rich and reliable infor-
mation about category membership, whereas verbs 
tend to occur in more variable contexts, such that dis-
tributional information more weakly defines category 
membership. However, phonological information is 
a stronger cue for indicating the verb category than 
the noun category. Indeed, children appear to rely 
more on phonological cues when guessing the refer-
ent for actions (verbs) but not objects (nouns). For 
both grammatical categories, both distributional and 
phonological information is valuable and important, 
but the relative value of each stands in a serendipitous 
relationship in terms of cue availability to assist in 
language acquisition, an observation that is consistent 
across languages.

One outstanding question in multiple cue use 
is how cues interact for learning. S. Mattys and col-
laborators proposed a hierarchical model for multi-
ple cues operating in speech segmentation, whereby 
allophonic and phonetic information is only used 
to indicate word boundaries if lexical information is 
unavailable to the listener, and prosodic information, 
such as stress or speech rhythm, is only used when 
finer-grained phonetic information is unavailable. 
Such a theoretical model is consistent with data from 
the changing dominance of statistical and stress cues 
with age for speech segmentation: Older children 
learn to override general transitional information 

with abstracted knowledge about the distributions of 
cues in their language. An alternative view is that all 
cues operate simultaneously, contributing cumula-
tively to identification of the language structure, and 
that even redundancy across cues may be required for 
learning as in the intersensory redundancy hypothe-
sis, where multiple overlapping cues assist children to 
learn auditory and visual perceptual discrimination. 
Such models require weighting of cues according to 
their relevance to the current situation or their gen-
eral utility in indicating the structure of a particular 
aspect of language learning—whether it is identify-
ing words from continuous speech, forming word-to-
world mappings, or determining grammatical catego-
ries within the language. Yet, such cue weighting can 
be conceived as being formed from information in the 
environment alone by the learner detecting second-
order structural relations across cues—that is, condi-
tional probabilities that are not present in the statisti-
cal patterns for each cue individually. 

Computational models of acquisition of gram-
matical categories, for instance, have shown how 
multiple cues can facilitate the tasks of grammati-
cal categorization when considered interactively, but 
comparable models of hierarchical cue use have not 
yet been explicitly tested. Analogous models of mul-
tiple cue use in other domains, such as depth percep-
tion in visual processing, currently favor models of 
relative weighting of cues in simultaneous operation. 
Such models of perception draw on both innate and 
acquired constraints to assist in visual processing; 
however, models of language acquisition are not yet 
in a position to specify the relative contributions of 
internal and external structure for learning.

Padraic Monaghan 
Lancaster University 

Morten H. Christiansen 
Cornell University

See	Also:	Computational Models of Language 
Development; Cross-Modal Perception of Speech; Cross-
Situational Word Learning; Distributional Knowledge 
and Language Learning; Grammatical Categories; Sound 
Symbolism; Speech Processing; Statistical Learning; Word 
Segmentation; Word-to-World Mapping.

Further	Readings
Chomsky, Noam. Rules and Representations. New York: 

Columbia University Press, 1980.



392 Multiple Cues in Language Acquisition

Fitneva, S. A., M. H. Christiansen, and P. Monaghan. 
“From Sound to Syntax: Phonological Constraints 
on Children’s Lexical Categorization of New Words.” 
Journal of Child Language, v.36 (2009).

Kelly, M. H. “Using Sound to Solve Syntactic Problems: 
The Role of Phonology in Grammatical Category 
Assignments.” Psychological Review, v.99 (1992).

Lickliter, R. and L. E. Bahrick. “The Development of Infant 
Intersensory Perception: Advantages of a Comparative 
Convergent-Operations Approach.” Psychological 
Bulletin, v.126 (2000).

Mattys, S. L., L. White, and J. F. Melhorn. “Integration of 
Multiple Speech Segmentation Cues: A Hierarchical 

Framework.” Journal of Experimental Psychology: 
General, v.134 (2005). 

Monaghan, P., M. H. Christiansen, and N. Chater. “The 
Phonological Distributional Coherence Hypothesis: 
Cross-Linguistic Evidence in Language Acquisition.” 
Cognitive Psychology, v.55 (2007).

Monaghan, P. and K. Mattock. “Integrating Constraints for 
Learning Word–Referent Mappings.” Cognition, v.123 
(2012).

Wu, R. and N. Z. Kirkham. “No Two Cues Are Alike: 
Depth of Learning During Infancy Is Dependent on 
What Orients Attention.” Journal of Experimental Child 
Psychology, v.107 (2010).



393

Narrative	Development
Narrative development, a crucial domain of pragmatic 
development, is the emergence and gradual sophistica-
tion of the ability to form extended discourse by chil-
dren. In their seminal work, William Labov and Joshua 
Waletzky provided a minimal definition of narrative 
as two clauses about past events joined by a temporal 
juncture. Narratives constitute a central component of 
children’s daily experiences, beginning with the early 
exposure to conversational stories by their caregivers, 
storybooks, oral tales, or movies. Although, children’s 
earliest talk is about the here and now, they start form-
ing narratives at about 2 to 3 years of age, with devel-
opment lasting well into adolescence. 

Different from the language about the here and now 
relying on the immediate context, narrative involves 
the use of decontextualized language about the there 
and then and requires the ability to talk about memo-
ries or thoughts in longer stretches of discourse. As 
summarized by Ana M. Carmiol and Alison Sparks, 
in narrative development, children need to learn to 
(1) structure their narratives in a way that will be 
informative for their listeners, (2) orient their listen-
ers by providing appropriate contextual information 
about the narrative events, and (3) provide their own 
evaluative comments about the narrative events that 
will keep their listeners engaged. Understanding these 
three sets of challenges for children’s developing nar-
rative ability is important, given that early narrative 

skill predicts later literacy development, reading com-
prehension, and school achievement. The goal of this 
entry is to describe and explain current knowledge 
about children’s developing ability to structure, ori-
ent, and evaluate their narratives during preschool 
and early school years.

Narrative	Structure
Producing stand-alone narratives presents the first 
challenge for children, calling for the production of 
well-structured and well-communicated narratives 
about their memories, thoughts, or fictional events. 
Children slowly master this form of extended dis-
course that focuses on the there and then using syntac-
tically connected and semantically explicit language, 
which is structured at both micro- and macro-levels. 
The end point of development is narratives with 
coherence and cohesion, thus informative and easy to 
follow by listeners. Coherence, or the organization at 
the macro-level, refers to the underlying global struc-
ture that gives the narrative content a schematic orga-
nization and relates the different parts of the narrative 
to each other in a meaningful way. 

A well-known system by Labov and Waletzky 
defines a coherent narrative as being structured 
around an initial orientation (i.e., introduction of the 
setting and the characters), a complication (i.e., high 
point or problem in the story), and a resolution (i.e., 
reaching of a final state in the problem). Cohesion, 
or the organization at the micro-level, refers to the 

N



linguistic, local relations that tie the span of idea units 
in the narrative together and create a text. Two sys-
tems of cohesion as defined by Michael A. K. Halliday 
and Ruqaiya Hasan are interclausal conjunction (e.g., 
using connectives such as then, but, and because) and 
pronominalization (e.g., using pronominal or nomi-
nal forms for referents depending on whether a newly 
mentioned or a previously mentioned entity is being 
talked about). 

Developmental	Changes	in	Narrative	Structure
With regard to coherence, that is, macrostructure, 
precocious 2- to 3-year-olds already combine clauses 
to talk about past experiences with their caregivers; 
however, in these early narrative interactions, struc-
turing is mostly provided by caregivers’ prompts 
and elaborations. Four-year-olds can produce short, 
independent narratives by combining more than two 
events together, but they tend to narrate events out of 
sequence. Preschool children often omit the crucial 
components of a story line, such as the resolution, and 
fail to include goals of the characters into their stories. 
Along the developmental trajectory, major changes 
occur around 5 to 6 years of age. Starting from 5 years 
of age, children can more reliably, but not consistently, 
create stories involving longer chains of events and a 
central character, including the main components of 
a story line. Almost half of 5-year-olds are also able to 
produce stories that refer to the goals of the characters. 

Most 6- to 7-year-old children can produce classic 
Labovian narratives with a complete structure, pro-
viding an orientation, sequencing events to build a 
complication, and providing a resolution by describ-
ing how things turn out. The length of the narrative 
and the number of episodes increase during the early 
school years. Within a narrative, one episode consists 
of one orientation event, complication events, and 
one outcome event. Older children are more likely to 
linguistically mark episode boundaries. Overall, the 
knowledge of narrative structure and the use of lin-
guistic means to mark this narrative structure emerge 
around 5 years of age; children’s narratives continue 
to become better organized and achieve higher levels 
of coherence with age.

With regard to cohesion, that is, microstructure, 
around 5 years of age, children start to link their 
utterances using cohesive devices. However, these 
devices are simpler than those used by older chil-
dren and adults and are not always used appropri-
ately. In terms of pronominalization, 5-year-olds do 

not always clearly indicate the referents of the pro-
nominal forms they use in their narratives. In retell-
ing a story from a picture book, for example, 5- to 
6-year-olds interpret each picture as though it were 
in isolation. They use pronominal forms to refer to 
contextually present objects and pictures without 
attempting to create cohesion by linking the anteced-
ent and subsequent pronominal forms. Starting from 
6 years of age, children use a thematic subject strat-
egy as proposed by Annette Karmiloff-Smith, where 
personal pronouns are used mostly in utterance-ini-
tial positions and exclusively for the central character 
of the story. 

Although not common, some 5- to 6-year-olds start 
using nominal forms appropriately for switching ref-
erence to new characters and pronominal forms for 
maintaining reference to the same character in sub-
sequent clauses. By 8 to 9 years of age, children use 
pronominal forms much more flexibly for a variety of 
characters and use nominal forms for referent intro-
duction and reintroduction. Significant changes are 
also observed in children’s use of interclausal conjunc-
tion during preschool and early elementary school 
years. Children’s use of sequential conjunctions, for 
example, then, after, and that, to encode narrative 
connectivity increases between 5 to 7 years of age. At 
earlier ages, such markers are used for a local level of 
organization and not for connecting larger chunks 
of utterances. Children at and under 5 years of age 
use causal and temporal conjunctions, for example, 
because, while, and when, less frequently than school-
aged children.

A wide host of factors influence children’s ability 
to provide well-structured narratives. Early parent–
child conversations about decontextualized topics, 
such as past events, predict how structurally complex 
their children’s autonomous narratives become later 
in development. For example, when parents elabo-
rate on what children have said at young ages and 
ask open-ended questions, their children produce 
lengthier and structurally more complete narratives 
compared to when parents repeat the same content or 
ask the same questions. In institutional contexts such 
as preschools, participating in teacher-guided rounds 
of narration allows children to model their own nar-
ratives on their teachers’ or peers’ narratives as well. 
A positive response by a teacher to a previously told 
narrative by a peer leads the subsequent narrator to 
emulate the themes and the structure of the previ-
ous narrative with some expansions. Children tell 
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narratives with social functions in peer groups, such 
as justifying a request, entertaining, displaying a cer-
tain type of self-image, or enacting a certain scenario, 
in addition to co-constructing shared events and fic-
tional narratives.

What is considered a well-structured story var-
ies depending on children’s cultural background. A 
majority of the previous literature is on middle-class, 
Caucasian children who are primarily exposed to nar-
ratives that include events that follow a linear path 
and conform to a narrative structure similar to that 
described by Labov and Waletzky. Children from other 
cultural groups, such as Latino or African American 
children, are exposed to and relate narratives that 
are organized differently. Specifically, their narratives 
might place less emphasis on the temporal features of 
a narrative, and they might introduce departures from 
the story line by using flashbacks and foreshadowing.

Children manifest different developmental paths 
in different types of narrative elicitation settings, with 
some types of skills appearing earlier. For example, 
children produce better-structured stories when they 
are familiarized with the story beforehand or when the 
story they are asked to retell was originally told by a 
storyteller using accompanying gestures. Asking chil-
dren to retell picture books leads to narratives with a 
sequence of dynamic action earlier than films. When 
given a theme to talk about, children find providing 
generalized information about a theme easier than 
providing a personal narrative about specific experi-
ence. When asked to talk about certain themes such 
as birthday parties or visits to the doctor, young chil-
dren provide scripts, or generalized representations 
of what is involved in a birthday party or a doctor’s 
visit. Only later do they provide narratives of person-
ally specific and unique experiences, such as their last 
birthday party. Children gain mastery of fictional sto-
ries even later. 

Narrative	Orientation
Children’s earliest conversations are about objects, 
events, and people that are present in the current 
context. As children become more competent users 
of language, they face the challenge of describing 
the there and then to listeners who do not necessar-
ily share the same experiences as them. Narratives are 
often about events currently inaccessible to listeners, 
bringing about the need to include appropriate infor-
mation about the context of these narrative events. 
Information that is appropriate varies depending on 

how much background information can be assumed 
and how much of it should be made explicit for the 
listener. Thus, the second challenge facing children 
in creating narratives is to convey information about 
the background of the narrative that is not known to 
their listener and avoid providing information about 
the background that is already known. The ability to 
provide sufficient information about the context is 
essential for a good narrative, and this is fulfilled by a 
crucial narrative function: orientation (i.e., contextu-
alizing). Orientation information consists of informa-
tion about the location, time, and characters of narra-
tive events and is provided primarily at the beginning, 
preparing the listener for the events to be related in 
the narrative. It is the orientation component of nar-
rative that decontextualizes it from the social context 
in which it is told, also setting the scene for what is to 
follow in the rest of the narrative.

Developmental	Changes	in	Narrative	Orientation
Providing a proper orientation requires the child to 
plan the rest of the narrative events in addition to 
tuning the listener’s knowledge and attention to the 
background for these narrative events. Young chil-
dren have substantial difficulties in planning and ori-
enting their listener to upcoming events. With age, 
there is increasing use of information that orients 
the listener to the spatial and the temporal context 
of narrated events. Although young children’s narra-
tives primarily consist of recapitulations of narrative 
events, they start providing information about narra-
tive background at around 4 years of age. The nature 
and the amount of the orientation information they 
provide change over time. Initially, young children 
mainly focus on who information, and even then the 
identifying information they provide about the story 
characters is limited, such as only character names. 
Around 6 to 7 years of age, children start using a 
wider variety of orientation devices, for example, 
including other information about the characters 
or about the specifics of time or location. It is only 
in later elementary school ages that children consis-
tently provide background information at the begin-
ning of their narratives, like adults do, and provide 
why information about the characters’ motivations, 
circumstances, and moods.

The nature of the orientation information chil-
dren provide greatly varies. Parents differ in what 
kinds of orientation components they prompt while 
listening to their children’s narratives; some highlight 
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event participants by asking who questions, and oth-
ers emphasize location by asking where questions. 
Children’s use of different orientation devices in their 
independent narratives is associated with the kinds 
of questions their caregivers ask to elicit orientation 
information during caregiver–child co-constructed 
narratives. When mothers ask more orientation ques-
tions such as when and where early on, children use 
more descriptions of the location and the time of the 
narrated events in their later narratives. Cultural dif-
ferences have also been noted in the extent and style 
of background information children provide. The 
orientation information middle-class Caucasian chil-
dren provide serves to support the narrative structure, 
for example, to establish background for the narra-
tive events. Children from other cultural groups, on 
the other hand, have been shown to provide differ-
ent kinds of orientation information to highlight the 
values of their own cultural group. Latino children, 
for example, provide more detailed orientation infor-
mation than their Anglo-Saxon peers, and impor-
tantly, the information they provide is specifically 
about story characters and especially family members, 
reflecting the importance of the family group.

Narrative	Evaluation
The third challenge facing children in creating good 
narratives is to learn how to convey their own per-
spectives, interpretations, and attitudes on the events 
being communicated through the use of evaluative 
devices. Evaluative devices serve both to mark the 
significance of events from the perspective of the 
narrator and to sustain the listener’s attention until 
the point of the story is made. There are various eval-
uative devices narrators can use to provide their own 
subjective perspective on the narrative events and to 
keep their listener engaged. Evaluative devices can be 
divided into those that are for social engagement and 
those that involve cognitive and affective inferences 
about story characters. Social engagement devices 
include using phrases or exclamations to capture a 
listener’s attention, for example, sound effects, char-
acter speech, and audience hook. Cognitive infer-
ences concern character motivation, causality, and 
mental states. Affective inferences include references 
to characters’ affective states or behaviors. Other lin-
guistic tools such as intensifiers that indicate certain 
parts of the narrative as important and hedges that 
indicate a level of uncertainty are also considered as 
evaluation devices.

Developmental	Changes	in	Narrative	Evaluation
Starting from early on, children use evaluation in 
their narratives, but similar to other narrative func-
tions, the nature and the variety of the evaluative 
devices they use change with age. Around 3 to 4 years 
of age, children rely on paralinguistic devices such 
as prosody, contrastive stress, and gesture to convey 
affective information. Linguistic evaluation is often 
absent in preschoolers’ narratives; narratives often 
look like a list of characters or events without the 
expression of the narrator’s subjective point of view. 
Age 7 to 8 years marks a transitional stage where chil-
dren use neither paralinguistic devices nor linguis-
tic devices to keep their listeners engaged and thus 
produce affectively flat stories. Around 9 years of 
age, children start using a variety of complex linguis-
tic devices, such as cognitive inferences, and include 
abundant references to internal cognitive and affec-
tive states of characters. 

At these ages, the use of evaluative devices becomes 
more flexible in that children can switch to using 
paralinguistic devices if these are more effective in 
keeping their listeners’ attention, such as when tell-
ing stories to preschoolers. Throughout the elemen-
tary school years, both the frequency and the diversity 
of the evaluative devices increase, especially cognitive 
inferences and reported speech. Furthermore, chil-
dren become better able to use evaluations to mark 
the importance of not only the local events but also 
the global and hierarchical relationships in the nar-
rative. At later ages, they use devices such as explicit 
remarks about the point of the narrative or stating a 
moral conclusion, tying the narrative events to their 
implications for the current context in which the nar-
rative is embedded.

Differences have been observed in children’s ability 
to use evaluative devices depending on the kind of nar-
rative they relate. Children are better able to integrate 
evaluations into personal narratives as compared to 
fictional narratives using a broader range of evaluative 
devices in the telling of a personally relevant experi-
ence. Children’s ability to evaluate narrative events in 
two different genres does not necessarily go hand in 
hand in development. For example, children as young 
as 3 begin to use direct and indirect quotations that 
mark a character’s perspective in personal narratives, 
often in dramatically enacted prosody. However, these 
quotations are absent in their fictional narratives. Chil-
dren’s use of evaluations is affected by parental input. 
Parents’ use of evaluations in conversational narratives 
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with their children predicts the children’s later use of 
evaluations in their own narratives as well. The use of 
evaluative devices also varies depending on children’s 
cultural background. Recent literature on narrative 
development of Latino and African American children 
and children in other cultures suggests that these chil-
dren might place a different emphasis on evaluation. 
Latino children include more evaluative devices in their 
stories than their Caucasian peers, starting at an early 
age, and the evaluations take place at the level of global 
narrative structure rather than at a local level. Use of 
specific devices might vary across linguistic communi-
ties as well. For example, Japanese and Turkish narra-
tors use less causal explanations that involve references 
to characters’ mental states than American children. 
Overall, socialization during talk about past events 
plays a critical role for children’s learning of all three 
sets of challenges in narrative development (structure, 
orientation, and evaluation), preparing the way for cul-
turally specific ways of constructing narratives. 
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Natural	Pedagogy
Communication comes naturally to children. At the 
same time, it emerges over the course of childhood 
as a complex, multifaceted developmental achieve-
ment. Children’s communicative abilities blossom 
developmentally in the context of natural pedagogy, 
that is, with myriad forms of support and guidance 
on the part of the skilled communicators peopling 
children’s lives. Two dimensions of such assistance are 
worth distinguishing: assistance that fosters children’s 
emerging understanding of what the communicative 
enterprise is and how to be skillful at it and assistance 
that fosters children’s acquisition of the details of a 
given communicative system, such as language or ges-
ture. Natural pedagogy in communicative develop-
ment often manifests as more experienced communi-
cators modifying communicative signals (consciously 
or unconsciously) to make them more learnable and 
the messages they convey more readily discernable. 
The extent to which assistance from natural pedagogy 
is necessary or even influential in children’s com-
municative development is a continuing source of 
debate, in part because mechanisms of developmental 
change are not as yet fully understood. Nevertheless, 
such assistance is convincingly documented in a host 
of instances, examples of which are showcased below.

Fostering	Communicative	Understanding
Inherent to communication is the message. A mes-
sage is informational content that one individual 
intends to provide to another. Questions of inter-
est include when children begin to interpret mes-
sages, when they begin to appreciate what messages 
are, and what role natural pedagogy plays in foster-
ing these achievements. There are important nuances 
to answering these questions. On the one hand, 
there is reason to believe that children from early in 
infancy readily extract content from others’ com-
munications. Cross-culturally, there is a tendency for 
adults to exaggerate intonation in systematic ways 
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for particular infant-directed messages (e.g., using 
long, low-pitched, fluid intonation to soothe infants 
versus high-pitched and high excursion changes in 
intonation when voicing approval to infants); this 
consistency likely helps infants to learn correlations 
between utterance types and their underlying mes-
sages. Research by Anne Fernald and colleagues bears 
this out: Voice approving tones to an infant, and one 
is likely to be gifted with a smile, whereas one will be 
greeted by an infant’s puzzled frown if producing the 
short, sharp, staccato intonation indicative of prohi-
bition or anger.

On the other hand, children’s ability to discern 
the message in such cases doesn’t necessarily entail 
fully fledged communicative understanding; that 
is, it is possible to interpret a message while not yet 
understanding what a message is or what it means to 
understand a message. As researchers such as Michael 
Tomasello and colleagues have noted, the latter com-
ponent of communicative understanding requires an 
ability to appreciate what communicative intentions 
are. This means understanding that one individual 
intends, by virtue of the message, to in some way 
alter the mental life of the message’s recipient. Thus, 
to understand this, one must first not only have a 
conception of mental life but also a theory of mental 
life sophisticated enough to encompass the notion of 
intentions that are specifically directed toward influ-
encing others’ mental lives. Children appear to acquire 
such a theory of mind on an extended schedule, with 
core aspects of such understanding emerging in early 
infancy. Precisely when children achieve an under-
standing of communicative intentions, specifically, 
remains a matter of debate, but researchers typically 
agree that it emerges after they have come to appre-
ciate intentions of a simpler sort, such as those that 
concern making direct causal changes in the world 
(e.g., intentions to grasp or move an object). One 
intriguing possibility, foreshadowed by Jerome Brun-
er’s seminal work, is that adults’ natural pedagogy 
capitalizes on infants’ fledgling attempts to speak, ges-
ture, and engage in joint action to help advance their 
understanding of communicative intentions. Infants’ 
early attempts in these arenas are frequently difficult 
to interpret, and adults characteristically engage in 
a negotiation-of-failed-messages process described 
by Roberta Golinkoff and colleagues in which adults 
indicate confusion or incomprehension and query 
the message. Infants progressively alter the message in 
response to such queries, and comprehension is often 

ultimately achieved. Infants thus receive rich informa-
tion in the form of natural pedagogy regarding com-
munication failure and what it takes for communica-
tive intentions to be discerned, which likely facilitates 
their increasing recognition of the communicative 
goals at the heart of social exchange.

Fostering	Knowledge	of	a	Communicative	System
In addition to supporting children’s developing 
understanding of the communicative enterprise 
generally, adults’ natural pedagogy appears to facili-
tate children’s acquisition of the details of specific 
communicative systems, such as language. There is 
evidence that natural pedagogy supports children’s 
acquisition of the specifics of their linguistic system 
at several levels, with the strongest evidence showing 
a relationship between natural pedagogy and (1) the 
learning of speech sound categories (phonemes) as 
well as (2) word learning. One of the most pervasive 
forms of natural pedagogy in language acquisition 
is the use of infant-directed speech, also colloquially 
called motherese. Most adults naturally modify their 
speech in a variety of ways when talking to infants, 
and many of these modifications have the potential 
to assist infants’ language learning. These infant-
directed modifications are not limited to auditory 
speech—deaf parents using sign language with their 
infants show analogous modifications in their lan-
guage production, and a similar set of modifications 
accompany adults’ infant-directed actions (motio-
nese), such as when showing an infant how to use an 
object, as compared to actions used to show an adult 
addressee the same object.

One fundamental learning task infants face is to 
identify the meaningful categories of speech sounds in 
their native language. The adjustments speakers natu-
rally make when talking to infants serve two impor-
tant functions in this regard. First, they help to capture 
and hold infants’ attention. When addressing infants, 
speakers tend to produce speech with higher overall 
pitch and exaggerated prosody (a singsong voice), 
often accompanied by exaggerated facial expressions 
and gestures as well as increased eye contact and posi-
tive affect. Typically developing infants show a prefer-
ence for this type of speech from early in life, display-
ing more smiles and positive affect when listening to 
infant-directed than adult-directed talk. The modifi-
cations that come naturally when speaking to infants 
help to draw their attention to the linguistic stream, 
potentially increasing the learning opportunities 
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available to them. This attentional enhancement is 
perhaps especially effective because modifications 
characteristic of infant-directed speech appear to also 
simplify and clarify the speech signal. Infant-directed 
speech is slower than adult-directed talk, with length-
ened vowels and pauses in particular, and impor-
tant characteristics of the speech sounds are magni-
fied, making phonemic categories more distinct. For 
example, vowels produced in infant-directed speech 
are exaggerated, so they are more dissimilar from each 
other than when they are produced in adult-directed 
speech, highlighting the difference between minimal 
pairs (e.g., bat and bought) and potentially facilitating 
infants’ construction of phonemic categories. These 
helpful features of infant-directed speech do not 
operate entirely on their own, however—actual social 
contact appears to be important to infants’ register-
ing of the speech sound information contained in the 
language input they receive. 

For example, Patricia Kuhl and colleagues found 
that 9-month-old English-learning infants exposed 
to a Mandarin speaker in several short sessions over 
four weeks showed language-learning benefits of that 
exposure only if they interacted with the speaker per-
sonally; watching a video or hearing an audio track of 
the speaker interacting with a different baby for the 
same amount of time did not produce learning ben-
efits. It appears that there is something special about 
personal social interactions that increases infants’ 
ability to take advantage of the rich information avail-
able in the speech they hear. Similarly, Michael Gold-
stein and Jennifer Schwade found that 9½-month-
old infants increasingly approximated their mothers’ 
phonological patterns in their own productions only 
when the mothers’ utterances were contingent on 
infant vocalizations, not when the mothers’ utterances 
were yoked to a different infant’s responses. This sug-
gests that contingent social interactions with infants 
are an important aspect of the natural pedagogy that 
shapes phonological development.

Natural pedagogy continues to support and guide 
children’s language acquisition as they begin to iden-
tify words in their native language and discern con-
ventional meanings. As in phonological develop-
ment, the ways in which adults naturally modify their 
speech to infants have the potential to facilitate word 
learning. Infant-directed speech features more words 
presented in isolation, more repetition of words, and 
a lower type–token ratio (fewer unique words used) 
than adult-directed speech, potentially aiding in the 

segmentation of individual words from the speech 
stream and providing more examples of each word 
in use. Of course, phonological development and 
word learning are just two examples of domains in 
which pedagogy likely plays a role in shaping language 
acquisition. The modifications adults make in their 
communications to infants likely influence commu-
nicative development at many levels, including syn-
tactic and pragmatic development in addition to the 
examples discussed here.

Natural pedagogy can vary in the degree to which it 
arises from conscious intentions to instruct. For exam-
ple, most adults spontaneously and unconsciously 
produce infant-directed speech when addressing 
infants regardless of the content of the speech, but 
when speakers are intentionally teaching new words 
to infants, they tend to produce a set of more special-
ized modifications: They often emphasize the target 
word, producing it at the end of the utterance, accom-
panied by a peak in pitch and volume, all while pro-
viding associated actions, such as showing, pointing, 
or object manipulation. These speech modifications 
presumably draw infants’ attention to the target word, 
helping them to extract it from the auditory stream 
and encode it. The concomitant gestures and actions 
likely assist infants in identifying which things in the 
world might be the referent for a highlighted word.

Natural pedagogy may also facilitate infants’ learn-
ing in a different manner: The presence of pedagogical 
cues themselves may signal to infants that something 
important is occurring. Recent research spearheaded 
by Gergely Csibra and György Gergely suggests that 
infants respond to pedagogy by adopting a pedagogi-
cal stance that alters their interpretation of events in 
appropriate ways. The precise ways in which adopt-
ing a pedagogical stance reshapes infants’ processing 
are not yet clear, and it is likewise unclear what level 
of understanding is operating in infants’ propensity 
to adopt the stance. Perhaps natural pedagogy sim-
ply triggers a different mode of processing for infants 
without their possessing much understanding as 
to why it should do so. Alternatively, infants might 
recognize that pedagogy exemplifies a special class 
of communicative intentions—intentions to guide 
learning—and shift their processing of events accord-
ingly. If so, natural pedagogy may not only facilitate 
children’s growing understanding of communicative 
intentions as suggested earlier; children’s receptive-
ness to it may represent an early manifestation of such 
understanding.
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As children’s communication skills become more 
sophisticated with development, natural pedagogy typ-
ically changes in complementary ways. Children’s mas-
tery of a particular communicative system, for instance, 
enables caregivers to more explicitly communicate 
what they want children to attend to and remember 
(e.g., “Watch this!”) and provides richer information 
for children about the language they’re learning and 
how to use it (e.g., “Really, that’s a bear, not a doggie.” 
“Remember to say ‘thank you’ when someone gives you 
something.”). In this way, adults capitalize on natural 
pedagogy to continually and adaptively tailor their 
messages to effectively support children’s communica-
tive development in an ongoing fashion.

Dare Baldwin
Rose Maier

University of Oregon
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Neonatal	Preference		
for	Speech
Across the animal kingdom, different species show 
biases for the vocalizations of their conspecifics; 
humans are no different. Human neonates are born 
with biases that allow them to orient to specific 
sounds, such as speech relative to certain nonspeech 
sounds or a mother’s voice over a stranger’s voice, 
which helps organize their auditory environment. 
Preferences during the neonatal period are not lim-
ited to sounds heard prenatally. Moreover, neonatal 
biases become rapidly tuned to privilege speech rela-
tive to other sounds over the next few months of life. 
Early speech biases and rapid attunement may pro-
vide a means of organizing information in the neo-
nate’s auditory world. Preferences for conspecific 
stimuli such as speech and faces have been proposed 
to be evolutionarily derived biases that orient infants 
to the members of their species.

Early studies from the 1960s through the 1980s 
revealed that neonates respond positively to speech 
sounds. Neonates oriented to speech by opening their 
eyes, mouthing, hand sucking, and crying; they consis-
tently produced approach behaviors that suggested that 
speech is an attractive stimulus. Body, hand, and head 
activity were greater to speech than to pure tones. Elec-
tromyograms measuring muscle activity showed that 
neonates produce the highest responses to sine waves 
and square waves that were in the fundamental fre-
quency range of the human voice. Moreover, neonate 
movements were found to be synchronized with adult 
speech (even nonnative speech) more than discon-
nected vowels and tapping sounds. Some theories sug-
gest that neonatal response patterns are organized and 
even entrained by adult speech and that this rhythm 
contributes to infant communicative development.

In current work, neonatal behavior is commonly 
assessed by a high-amplitude sucking procedure in 
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which newborns’ sucking on a nonnutritive pacifier 
elicits the presentation of different sounds. Neonates 
tend to adjust their behavior in order to hear more 
of the sounds they prefer. From birth, neonates prefer 
to listen to certain types of speech sounds that have 
become familiar through prenatal exposure. They 
prefer listening to their mother’s voice rather than 
an unfamiliar female’s voice. They prefer listening to 
their native language over nonnative languages, and 
they recognize stories and songs that had been pre-
sented to them while in the womb. Some neonatal 
preferences for particular speech stimuli are based on 
prenatal exposure to specific sounds.

When speech is contrasted with nonspeech sounds, 
neonates prefer listening to speech. They listen longer 
to speech compared with complex synthetic sounds 
and white noise. Neonates also listen longer to natural 
speech compared with filtered and reversed speech, 
manipulations which remove or distort many of the 
spectral and temporal properties of natural speech. 
Filtered speech is very similar to what fetuses can hear; 
neonates’ preference for natural speech over filtered 
speech suggests that preferences are not restricted to 
familiar sounds. Remarkably, neonates show no pref-
erence for speech over rhesus monkey vocalizations. 
This further suggests that neonatal preferences for 
speech are not limited to sounds heard prenatally.

The degree to which experience with specific 
sounds contributes to neonatal speech preferences is a 
matter of debate. Because the fetus’s auditory system 
is functional by the sixth month, the fetus is exposed 
to some sounds, in particular maternal sounds at low 
frequencies. Clearly, some neonatal preferences, for 
example, for the mother’s voice, are experience based 
and contiguous with the preference for the maternal 
voice shown by fetuses. Other preferences for novel 
speech sounds and rhesus monkey vocalizations are 
not based on direct experience with those sounds.

Studies on auditory perception in nonhuman ani-
mals suggest that many organisms may have an audi-
tory template for the calls of their conspecifics. This 
template would specify the general spectral and tem-
poral characteristics of the vocalizations of that spe-
cies and allow the organism to orient and learn con-
specific calls. A useful distinction has been proposed 
between experie165nce-expectant and experience-
dependent processes. Experience-expectant processes 
respond to information that is common to all mem-
bers of a species with a shared environment. Very little 
if any exposure to specific stimuli is required for the 

organism to process experience-expectant informa-
tion. Experience-dependent processes respond to 
information that is specific to an individual’s unique 
environment. The organism requires exposure to spe-
cific stimuli to process experience-dependent infor-
mation. In this framework, speech sounds would be 
considered a shared aspect of the common environ-
ment and subject to experience-expectant processes, 
while Spanish would be specific to a smaller number 
of individuals’ environments, and a particular moth-
er’s voice would be specific to an even smaller number 
of individuals.

The neonatal speech bias is tuned further in the next 
few months of life. By 3 months, infants prefer listening 
to speech over rhesus monkey vocalizations and also 
prefer speech—even unfamiliar nonnative speech—to 
familiar, human-produced vocalizations such as laugh-
ter. Infants’ rapid tuning to human speech parallels the 
rapid tuning that is observed in human face perception; 
however, infants become tuned to speech earlier and 
faster than they become tuned to human faces. Early 
preferences may reflect evolutionarily derived biases 
for particular vocal and visual stimuli.

Athena Vouloumanos
New York University
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Neonatal	Speech	
Perception
Newborns’ ability to perceive speech has been the 
focus of experimental investigations since the late 
1960s. Research into neonatal speech perception is 
particularly relevant for the understanding of lan-
guage development as it provides an understanding of 
the initial state from which speech and language sub-
sequently develop. The characterization of this initial 
state has been of particular interest for the nature–
nurture debate, that is, for the question of whether 
human knowledge, in general, and language, in par-
ticular, is mostly innate (nature) or learned (nurture). 

This question was mostly raised in the form of a 
clear-cut dichotomy in the second half of the 20th 
century, but in the last 10 to 15 years, it has become 
evident that both genetically endowed and experi-
ence-driven mechanisms play an important role, and 
today’s research mainly focuses on the relative con-
tributions as well as the interactions of the two types 
of mechanisms. Indeed, newborns’ speech perception 
abilities show both a genetically based, broad, and 
universal preparedness to perceive a large number 
of linguistic features found in the languages of the 
world, and there is evidence of prenatal learning of 
certain aspects of the mother tongue. 

The broadly based, universal abilities have been 
extensively described in the last 30 to 40 years, at least 
in a few key domains, for example, phoneme percep-
tion, but a more complete understanding of prenatal 
learning is only now starting to emerge, mainly due 
to obvious methodological and practical difficulties 
in assessing fetal perceptual abilities and because an 
adequate characterization of what speech sounds like 
to the fetus in the womb is still lacking. Indeed, the 
recent advancement of brain imaging techniques par-
ticularly suitable for testing full-term and even pre-
mature newborns, such as near-infrared spectroscopy 
(NIRS) and high-density electroencephalography, 
have allowed researchers to probe the developing 
brain, thus ideally complementing existing behavioral 
methods, such as nonnutritive (also known as high-
amplitude) sucking.

Speech	Is	Special
For language development to begin, newborns need 
to recognize and selectively attend to speech as com-
pared to other sounds in their environment. Indeed, 

speech appears to be a special stimulus for newborns, 
preferred over equally complex sine wave speech ana-
logues. Interestingly, until 3 months of age, babies 
also prefer rhesus monkey vocalizations over other 
nonspeech sounds and show an equal preference for 
speech and monkey calls; by 3 months, an exclusive 
preference for speech emerges. This suggests that 
the initial preparedness for speech is broad, extend-
ing to at least those primate vocalizations that are 
acoustically similar to human speech. (Rhesus mon-
keys have vocal tracts resembling those of humans, 
resulting in certain similarities between speech and 
rhesus monkey calls, in particular the presence of a 
formant structure.) As a result of experience with 
spoken language, this preparedness narrows down 
to human speech.

Language	Discrimination
Hearing becomes operational some time between 
the 20th and 28th week of gestation, and while some 
aspects are not fully adultlike before adolescence, expe-
rience with speech begins prenatally. What spoken 
language sounds like in the womb is not fully known, 
but existing intrauterine recordings in humans and in 
animal models suggest that maternal tissues act as a 
low-pass filter, transmitting most of the prosody and 
rhythm of spoken language but much less of the indi-
vidual phonemes (possibly some aspects of the vowels 
but not the consonants).

This prenatal exposure is sufficient for monolin-
gually and bilingually exposed newborns to prefer 
the language(s) spoken by their mother during preg-
nancy over languages that have a different rhythm. 
Traditionally, three different rhythmic classes are dis-
tinguished: syllable-timed (e.g., French, Italian, and 
Spanish), stress-timed (e.g., Russian, English, and 
Dutch), and mora-timed (e.g., Japanese and Tamil). 
This clearly suggests that at least certain aspects of 
the prosody and rhythm of the native language(s) are 
learned prenatally.

In addition, newborns also show universal lan-
guage discrimination abilities as they are able to dis-
criminate between rhythmically different languages 
they never heard before. French-exposed newborns, 
for instance, readily discriminate between Japanese 
and Dutch. Importantly, this discrimination ability is 
also present in cotton-top tamarin monkeys, suggest-
ing that it is driven by acoustic (and not language- 
or speech-specific) properties of the signal. Indeed, 
speech rhythm has been operationally defined as the 
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relative proportion and variability of vowel and con-
sonant clusters in the speech signal.

The ability to discriminate languages is particularly 
important for bilingual development as bilinguals face 
the challenge of constructing two language systems, 
the first step of which is to be able to assign each utter-
ance heard to one of the two languages. Bilingually 
exposed newborns can indeed discriminate between 
their two languages, for example, English and Tagalog 
(and both from a third, rhythmically different lan-
guage), and they show no preference for one over the 
other if the languages belong to two distinct rhythmic 
classes. (For language pairs within the same rhythmic 
class, e.g., Spanish and Catalan, successful discrimina-
tion has only been shown at around 4 months, once 
infants are familiar with additional aspects of the two 
languages’ phonologies, such as their syllable struc-
ture and phonotactics.)

Recent NIRS imaging research has also investigated 
whether, underlying these early perceptual abilities, 
the newborn brain exhibits functional specializa-
tion for speech similar to the adult brain. The exist-
ing results are not unequivocal, with some studies 
finding left-lateralized and others bilateral response 
to the native language. But, most studies converge 
on the fact that the activation pattern in response 
to the native language is different from the response 
to unfamiliar languages (a more left-lateralized or a 
more intense bilateral response is typically found for 
the native language), implying that prenatal experi-
ence already starts shaping the developing brain. In 
addition to familiarity, the spectral and temporal 
properties of speech might also drive functional spe-
cialization and lateralization. Indeed, the right hemi-
sphere in newborns selectively responds to slowly 
modulated sounds, with time windows correspond-
ing to the syllable and larger units. Such a specializa-
tion might explain the right hemisphere advantage 
for the processing of speech prosody observed in 
older children and adults.

Language	as	a	Social	Cue:		
Voice	and	Face	Perception
The prosody of speech heard in utero also plays a 
key role in the onset of social cognition. Newborns 
recognize and prefer their mother’s voice over other 
female voicing, suggesting that voice identity, at least 
of the most frequently and most saliently heard voice, 
is learned prenatally. Interestingly, the prosody and 
voice quality of maternal speech is also a cue for the 

recognition of the mother’s face. Newborns recog-
nized and preferred to look at their mother’s face over 
other female faces only if the mother had talked to 
the newborn. If the mother refrained from talking to 
the newborn (but held, nursed, and smiled at the baby 
normally), the recognition of her face was delayed.

Phoneme	Perception
A very important aspect of newborns’ broad-based, 
universal preparedness for speech is their ability to 
discriminate almost all the phonemes of all the world’s 
languages, including those contrasts that will not be 
part of their native phoneme repertoire. Thus, while 
Japanese adults find it hard to discriminate between 
the English /r/ and /l/ sounds, as the distinction is not 
present in Japanese, Japanese newborns can readily 
make the distinction, just like their English peers. The 
ability to discriminate nonnative phoneme contrasts 
is lost for many contrasts and strongly reduced for 
many others during the second half of the first year 
of life (with only a few salient contrasts remaining 
easily accessible) as infants get attuned to their native 
language. There are only a few known cases whereby 
phoneme discrimination is refined over development; 
for example, an initial phoneme boundary is sharp-
ened or realigned, but no new category is introduced 
through experience even in these cases. Thus, pho-
neme development starts from a universal basis and 
proceeds by selectively maintaining some of the initial 
sensitivities and weakening others.

Recent results suggest that even fetuses are able to 
discriminate vowels, although not consonants, if a 
strongly amplified sound is delivered to their moth-
ers’ abdomens. This asymmetry between vowels and 
consonants is probably due to the fact that the former 
carry more pitch information and energy than the lat-
ter, allowing better identification even when low-pass 
filtered by the womb. Interestingly, when exposed 
to certain drugs (e.g., serotonin reuptake inhibitors, 
used to treat maternal depression during pregnancy), 
fetuses can also discriminate consonants, suggesting 
a change in the developmental course and plasticity 
of speech perception induced by the drugs. It is also 
impossible that fetuses can identify at least some vow-
els even when the sound level is not amplified, that 
is, under normal speech conditions. Indeed, English- 
and Swedish-exposed newborns seem to recognize at 
least some native vowels (English: /i/ and Swedish: 
/y/) and prefer to listen to the unfamiliar, that is, non-
native vowel.
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The	Basic	Units	of	Speech	Perception		
and	Representation
Phonemes constitute an important speech unit that, 
according to the above results, newborns are able to 
represent. In adult speech processing, several other 
linguistic units, such as the mora, the syllable, or the 
word, play roles—depending, in part, on the language. 
Newborns’ representations of these units are not fully 
explored; particularly little is known about the lan-
guage-specific aspects, but the existing evidence sug-
gests that newborns might be able to perceive many 
of these units. French infants, for instance, readily dis-
criminate between words that have two versus three 
syllables and might use the syllable as a preferred 
unit to represent speech as they do not discriminate 
between words that have the same number of syllables 
but a different number of phonemes. Because French 
is a syllable-timed language, further research will be 
needed to clarify whether this is a universal or a lan-
guage-specific effect.

Newborns also show sensitivity to the word level. 
They can discriminate between two identical phoneme 
sequences, one of which was extracted from within 
a word (/mati/ from the French word mathématicien 
[mathematician]) and the other from two adjacent 
words, thus spanning a word boundary (/mati/ from the 
French phrase panorama typique [typical panorama]), 
indicating sensitivity to very fine-grained acoustic cues 
associated with word boundaries in certain phonologi-
cal contexts. Further, they can discriminate between 
two broad categories of words that, universally, all 
natural languages distinguish—grammatical functors 
(e.g., articles, pronouns, prepositions, particles, etc.) 
and semantically rich content words (e.g., nouns, verbs, 
adjectives, etc.)—on the basis of their different phono-
logical properties (functors are phonologically reduced 
or minimal as compared to content words).

Fetal learning studies suggest that fetuses and 
newborns are even able to represent larger linguistic 
units such as utterances and complete passages, as 
newborns differentially respond to stories that their 
mothers repeatedly read to them during pregnancy 
as compared to other similar stories, most probably 
based on global prosodic properties.

Structural	Generalization
It is clear from the above that newborns have a rich 
repertoire of perceptual skills related to the sound 
patterns of speech and language. In addition, they are 
also able to extract some simple structural regularities 

from speech. In particular, they are able to learn reg-
ularities based on adjacent syllable repetitions (e.g., 
ABB: mubaba, penana, etc.), and they show sensi-
tivity to the position of the repetitions, readily dis-
criminating initial and final repetitions (AAB versus 
ABB). While both the detection of immediate repeti-
tions and the sensitivity to edge positions might in 
themselves be low-level perceptual sensitivities, the 
discrimination of initial and final repetitions implies 
a certain level of abstraction, as relational informa-
tion (repetition) and positional information need to 
be combined. Interestingly, newborns cannot learn 
regularities that contain nonadjacent repetitions (e.g., 
ABA), an ability that emerges by 7 months of age.

Memory
We know very little about how newborns store the lin-
guistic information they learn in memory. However, 
recent findings suggest that a speech-specific memory 
component, akin to the phonological loop in adults, 
might already be in place at birth. Indeed, when 
exposed to a word for several minutes, newborns dis-
criminate this word from a novel one if a short period 
of time is allowed to elapse between the familiariza-
tion and the recognition test. If this time period is 
silent or filled with music, that is, a nonspeech audi-
tory stimulus, discrimination is successful, but if it 
is filled with speech, newborns can no longer dis-
criminate the heard and the novel words. They also 
fail if testing is immediate, that is, if no time period 
is allowed to elapse. This suggests that the consolida-
tion of memory traces is operational and necessary in 
newborns and that it is mediated by a speech-specific 
phonological-loop type mechanism.

In conclusion, newborns have an initial broad and 
universal perceptual bias for speech, allowing them 
to flexibly learn any language or languages spoken in 
their environment. In turn, this environmental experi-
ence starts to shape speech perception from the begin-
ning, starting as soon as hearing becomes operational 
during the fetal period. This synergistic learning based 
on the epigenetic interaction of genetically defined 
and experience-driven processes remains flexible and 
plastic during the first years of life. Some time around 
the beginning of puberty, after a complete attunement 
to the native language or languages, it becomes no lon-
ger possible to return to this plastic initial state.

Judit Gervain
Paris Descartes University
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Neural	Basis	of	Language	
Development
In the majority of the adult population, the language 
network typically involves the left inferior frontal 
and the bilateral temporal areas of the brain, with 
two neural pathways (ventral and dorsal) connecting 
them. The investigation of the neural basis of language 

development provides a unique window into the ori-
gins of this brain specialization, allowing us to tease 
apart the contributions of our genetic endowment, 
experience, and their interactions. The existing find-
ings suggest that paralleling perceptual attunement to 
the native language at the behavioral level, the neural 
correlates of speech and language processing show 
increasing specialization and lateralization during the 
first years of life.

The	Adult	Language	Network
The recent advancement of brain-imaging techniques 
in the last decades has dramatically increased the 
understanding of the neural correlates of speech and 
language processing in the adult brain. The current 
view holds that the brain areas most important for 
spoken language processing are located in the infe-
rior frontal regions, including Broca’s area, as well as 
the middle and superior temporal regions, including 
the primary auditory cortex, with a left-hemisphere 
advantage for speech in general in the majority of 
the right-handed adult population. These areas are 
connected by ventral and dorsal pathways. The for-
mer are usually believed to be involved in sound-to-
meaning mapping and syntactic processing, while 
the latter is responsible for sound-to-motor mapping 
as well as syntactic processing. Research is currently 
underway into a more detailed functional analysis of 
the pathways and whether, and if yes, how, they can 
be further divided into functionally or structurally 
distinct parts.

Theoretical	Questions	and	Approaches	to	the	
Study	of	the	Developing	Language	Network
More recently, several imaging techniques have been 
successfully adapted to the youngest developmental 
populations, including premature babies, newborns, 
and young infants. This has opened up the way for 
investigations into the origins and development of the 
above-described neural specialization for language 
observed in adults. The question has been approached 
from two related and complementary perspectives.

The first seeks to explore whether the brain is hard-
wired to process language in a specialized manner or 
whether it is sculpted by experience with the native 
language(s) over development. This issue is related to 
the more general nature-versus-nurture debate, that 
is, the age-old query about whether human knowledge 
is biologically endowed or derives from experience. 
While the question had been raised in a dichotomous 
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fashion in the past, more recently, a new integrative 
view has emerged arguing for a synergistic interaction 
of the two factors. Current research into the neural 
basis of language thus increasingly investigates the 
relative contributions and interplay of genetic and 
experiential factors as they unfold over development 
instead of searching for a single cause.

The second approach to the study of the neural 
specialization for language seeks to determine what 
properties of the physical signals instantiating lan-
guage, for example, speech and sign, trigger special-
ized neural processing, what brain areas and networks 
are involved, and how they process these privileged 
signal characteristics.

The	Initial	State:	Language	Networks		
in	Newborns
The first studies to address the question of the devel-
opment of the neural basis of language sought to 
investigate the initial state in an attempt to explore the 
extent to which the brain is hardwired to process lan-
guage in a specialized way. While this is a very excit-
ing and highly relevant question from a theoretical 
point of view, given the experimental methods avail-
able today, it is actually quite challenging to address in 
practice. Hearing is operational from about the 24th 
to 28th week of gestation, so infants’ first experiences 
with language occur in utero. Maternal tissues and 
the amniotic fluid dampen the speech signal trans-
mitted to the fetus, suppressing higher frequencies 
necessary for the identification of most phonemes 
and hence words, but enough information is trans-
mitted for the melody and rhythm of the speech sig-
nal to be perceptible. Indeed, newborns recognize the 
prosody and rhythm of their native language(s) and 
reproduce them in their communicative cries, sug-
gesting that learning about the native language starts 
prenatally. While behavioral (e.g., heart rate) and 
imaging (magnetoencephalography [MEG]) meth-
ods do exist to test fetuses, their application remains 
limited. Consequently, the initial state of the language 
network, prior to any experience, remains challenging 
to explore. Nevertheless, investigating the newborn 
brain can provide relevant information about the ini-
tial state if prenatal experience is taken into account or 
experimentally controlled for. That is, several decades 
of behavioral research has clearly established that, 
despite very early experience with their native lan-
guage, newborns show a broad-based, universal pre-
paredness for speech and language in general, which 

subsequently narrows down to the native language 
over the first years of life.

One central question regarding the earliest brain 
specialization for language concerns the presence or 
absence of the left-hemisphere advantage for speech 
and language processing typical of right-handed 
adults. Several studies using near-infrared spectros-
copy (NIRS) have looked at how the neonate brain 
responds to speech. NIRS is a noninvasive and rela-
tively motion-tolerant technique that uses near-infra-
red light to measure the concentration changes in 
oxygenated and deoxygenated hemoglobin related to 
local brain activity. The earliest studies reported left 
lateralization in response to speech as compared to 
silence and speech played backward—stimuli com-
monly used as controls because they have the same 
physical and acoustic properties as speech, but are 
nonlinguistic in nature. Specifically, a greater increase 
in the concentration of oxygenated hemoglobin was 
found in the left temporal areas when 3-day-old new-
borns listened to passages from a children’s story 
presented forward as opposed to backward (or when 
listening to silence). Similar results were obtained 
using functional magnetic resonance imaging (fMRI), 
another brain-imaging technique relying on the 
metabolic correlates of brain activity, in 3-month-
old infants, who activated the superior temporal 
gyrus, the angular gyrus, and the prefrontal cortex in 
response to speech, with the angular gyrus showing 
differential activation for forward versus backward 
speech. These findings suggest that left lateralization 
may be present early on.

However, these studies tested infants’ responses to 
their native language, Italian in the case of the NIRS 
study, French for the fMRI study. It is thus not clear 
whether the left lateralization observed is the result 
of a predisposition of the left hemisphere to prefer-
entially process language in general or whether it is a 
consequence of (prenatal or early postnatal) experi-
ence with the native language. Subsequent NIRS stud-
ies trying to tease apart the two possibilities obtained 
mixed results. One study replicated the left-lateralized 
forward speech advantage in the temporal areas for 
the native language, which was Japanese, and not for 
a rhythmically different nonnative language, Eng-
lish, which activated the temporal areas bilaterally. 
Another study, however, found bilateral temporal 
activation for low-pass filtered stimuli in both the 
native language, English in this case, and a rhythmi-
cally different nonnative language, Tagalog, as well as 
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for normal, nonfiltered stimuli in the native language 
English and another rhythmically different nonna-
tive language, Spanish. Even these studies found an 
advantage for the native language, but this manifested 
itself in the intensity of the response, not in its later-
alization. Independently of the laterality of the activa-
tion, however, the areas that responded to native and 
nonnative speech were found in the temporal cortices 
in all of these studies, paralleling the adult language 
circuitry. This suggests that the brain is specialized for 
speech and language processing already in the initial 
state. This readiness is then modulated by experience 
with the native language early in development, most 
probably already in the womb. Further research will 
be needed to explore whether the differences observed 
in lateralization in the above-mentioned studies are 
due to the acoustic, phonological, and other linguistic 
differences among the languages tested, to method-
ological differences among the studies, or to the fact 
that hemispheric lateralization is still immature or 
not fully stable at birth.

How specific is this initial readiness? Does every 
linguistic signal activate the dedicated brain areas 
irrespective of the modality, that is, not only spoken 
but also whistled or signed language, and do only 
linguistic signals or some other stimuli also activate 
these areas? While speech has long been considered 
a special signal for the human mind and brain, as 
it is our species-specific communicative signal only 
producible by the human vocal tract, recent behav-
ioral work suggests that the initial preparedness for 
language might be so universal and broadly based 
that it includes other primate vocalizations as well. 
Indeed, until about 3 months of age, infants prefer 
both human speech and monkey calls over equally 
complex nonspeech analogues. Recent work in devel-
opmental neuroscience has also started to explore the 
specificity of the initial neural specialization for lan-
guage, with some very interesting results.

Specifically, these issues were addressed in a series 
of studies that compared newborns’ brain responses 
to their native language, English; a spoken nonna-
tive language, Spanish, which is rhythmically differ-
ent from English; and a whistled nonnative language, 
Silbo Gomero, a whistled surrogate of Spanish used 
for long-distance communication. Silbo maps Span-
ish phonemes onto whistles in a many-to-one fash-
ion, so in order to understand or produce it, a speaker 
needs to know Spanish as well as the mapping. Silbo 
is thus a linguistic signal in terms of its organization 

and structure, but it is not carried by speech as its 
medium. Silbo activates the usual language areas in 
adults who are familiar with it but not in those who 
don’t know it. Whether the initial preparedness for 
language is broad enough to include a linguistically 
organized, but whistled, signal was tested by com-
paring brain activation in response to forward and 
backward English, Spanish, and Silbo in English new-
borns in an NIRS study. The results indicated bilateral 
temporal activation for English and, to a somewhat 
lesser extent, Spanish but not for Silbo; this suggests 
that, at least in newborns who were not exposed to 
a whistled language prenatally, the initial specializa-
tion for language does not include whistle as a poten-
tial carrier signal, even when it is linguistically orga-
nized. This finding is consistent with the fact that the 
approximately 70 existing whistled languages are not 
primary languages—that is, they are not the only lan-
guage used by any speech community—rather they 
are whistled surrogates of spoken natural languages.

Linguistic signs, by contrast, constitute a non-
speech and nonauditory modality in which natural 
languages readily emerge in the absence of spoken 
language. Indeed, infants not exposed to spoken lan-
guage invent their individual communicative ges-
tures, known as home sign. When such children form 
a community, in just a few generations a full-blown 
natural language emerges, as the well-known case of 
the Nicaraguan Sign Language illustrates. To date, 
no study has investigated the processing of linguistic 
signs in the newborn brain (whether exposed to spo-
ken language prenatally or not), but this is a highly 
relevant and very exciting issue that future research 
will need to address.

Another line of research probing the initial brain 
specialization for language has sought to identify the 
physical and acoustic properties of speech that trig-
ger specialized processing. In adults, the spectral and 
temporal modulation typical of speech is believed to 
underlie lateralization and to differentially activate 
the brain areas known to belong to the language net-
work. In particular, fast-modulated or spectrally sim-
ple sounds (in the 20–50 millisecond [msec] range, 
roughly corresponding to the temporal modulation 
of phonemes) have been shown to activate the left 
or bilateral temporal areas, while slowly modulated 
(above 150 msec, roughly equivalent to the syllable) 
or spectrally complex sounds (such as those charac-
teristic of speech prosody) trigger activation in the 
right temporal areas. This signal-driven model has 
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recently been tested in newborns and young infants 
in an attempt to understand whether this division of 
labor between brain areas might be responsible for 
the origin of the brain specialization for language. 
Two recent studies using simultaneous electroen-
cephalography (EEG) and NIRS measures in new-
borns and 6-month-olds found bilateral temporal 
and temporo-parietal activation for fast-changing 
(12 msec and 25 msec) stimuli and right frontal and 
temporo-parietal activation for slowly changing (160 
msec and 300 msec) stimuli. Another study tested 
the effects of both temporal and spectral modulation 
in newborns using NIRS. For the temporal modula-
tion, the results partly confirmed the findings of the 
other two studies, showing bilateral activation in the 
frontal, temporal, and temporo-parietal areas to the 
fastest-changing stimuli (21msec), although slowly 
modulated stimuli did not evoke a right-lateralized 
response in this study. Spectrally modulated stimuli, 
by contrast, did not give rise to activation in any brain 
region. Taken together, these studies suggest that fast 
and slow temporal modulation evoked bilateral and 
right-lateralized responses, respectively, in newborns 
and young babies, just as they do in adults. Whether 
spectral modulation is processed preferentially or not 
in the newborn is less clear. Further research will be 
needed to elucidate the reasons for the observed null 
results in the only study that addressed the issue so far.

The studies discussed above investigated how the 
newborn brain processes the signals carrying linguis-
tic stimuli, in particular speech. Recent studies have 
also started to investigate whether, and if yes, how, 
the brain processes structural, abstract information 
encoded in linguistic signals at initial state. In par-
ticular, a series of NIRS studies have shown that the 
newborn brain is already sensitive to basic structural 
information, such as sequential order and relations 
between elements. In particular, it has been found that 
the left inferior frontal and bilateral temporal areas 
of newborns respond preferentially to structured as 
opposed to random linguistic stimuli. The structured 
stimuli consisted of trisyllabic sequences generated 
by an artificial grammar with an ABB structure (e.g., 
mubaba, penana, etc.), that is, containing an identity 
relation between the second and third element in the 
sequence, whereas random sequences conformed to 
an ABC pattern, for example, all syllables were differ-
ent (e.g., mubage, penaku, etc.). It needs to be noted 
that, while immediate repetitions, that is, ABB, were 
successfully distinguished from the random ABC 

sequences, nonadjacent ABA repetitions were not. 
Thus, there seems to be a limitation on the distance 
at which the newborn brain can encode relations 
between elements. Further, these studies have shown 
that neonates are not simply sensitive to the pres-
ence of identity or repetitions but can also combine 
this information with information about sequential 
order as they can discriminate between AAB and 
ABB sequences, a task that necessitates more abstract 
structural representations. Interestingly, this dis-
crimination activates the left inferior frontal regions, 
possibly involving Broca’s area, showing considerable 
similarities with the adult brain.

Memory is a key cognitive ability in language 
acquisition. Currently, very little is known about its 
initial state or development during the early years. 
But, recent findings suggest that a speech-specific 
memory component, potentially akin to the pho-
nological loop in adults, might be in place at birth. 
Indeed, newborns show increased brain activity 
in the temporal, frontal, and parietal areas upon 
hearing a novel word after having been repeatedly 
exposed to another word for several minutes. This 
novelty detection is observed if a short time period 
filled with silence or music is allowed to elapse 
between the familiarization and the test phase, when 
the novel word is presented, but not if no consoli-
dation time is allowed to elapse. Furthermore, right 
frontal activation was found, which was comparable 
to that of adults during retrieval of verbal material, 
when newborns listened to a novel word that had the 
same vowel as a previously heard word. In contrast, 
a novelty response was found when a test word had 
a vowel different from the familiarized word, despite 
having the same consonants. Thus, the newborn 
brain is better able to encode information carried by 
vowels than the information carried by consonants, 
in conformity with earlier behavioral findings.

In sum, the newborn brain already appears to show 
a broad and general readiness for language processing, 
with a brain specialization in place that is at least in 
part similar to the adult language network, although 
further work is needed to fully understand its origins 
and the specificity. This initial specialization is already 
modulated by language experience prenatally.

Attunement	to	the	Native	Language:		
Critical	Periods	and	Neural	Plasticity
After birth, once infants are exposed to broadcast 
speech in the native language(s), learning proceeds 
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fast. At the behavioral level, acquiring the sound sys-
tem of the native language during the first year of 
life has been described as a process of attunement, a 
developmental trajectory observed in several other 
perceptual domains as well, whereby the initial broad 
specialization narrows down to sound categories and 
contrasts found in the native language. During this 
process, sensitivity to native categories is strength-
ened or refined, whereas sensitivity to most nonnative 
sound patterns is lost or weakened. Attunement to the 
native language has been observed for a number of 
different sound phenomena, most prominently pho-
neme perception, but also the perception of lexical 
stress, lexical tone, phonotactics, or prosody.

Perceptual attunement at the behavioral level is 
paralleled by increasing specialization and lateraliza-
tion for the native language at the neural level. The 
initial broad-based processing, which is often acous-
tic in nature, develops into a more linguistic process-
ing attuned to native sound patterns, which is often 
increasingly left lateralized for individual sound con-
trasts along with the structural aspects of language and 
right lateralized for language prosody. Several studies 
conducted with infants and children between 2 and 3 
months to 4 and 6 years of age document this transi-
tion from a more universal and more general process-
ing distributed broadly in the brain toward a more 
linguistic and more native language-related process-
ing, which is more focal or specialized in the brain. 
For instance, 5-month-old Parisian infants show a 
left-lateralized activation in response to their native 
Parisian French accent but a bilateral and generally 
more distributed response to Québec French, a mutu-
ally understandable but phonologically different and 
unfamiliar variant of French. Likewise, using NIRS, 
Japanese infants have been shown to discriminate a 
vowel duration contrast (short and long /a/) tran-
siently at 6 to 7 months of age, followed by a decrease 
in discrimination between 8 and 12 months, and then 
more stably from 13 months onward. Importantly, 
the discrimination response was observed bilater-
ally in the younger infants, and it started to lateralize 
to the left temporal areas at 13 months of age, when 
stable, fully native-like discrimination emerged. Simi-
larly, for Japanese pitch accent, a pitch contour dis-
criminating words that are identical in terms of their 
phoneme sequences, 4- and 10-month-old infants 
have both been shown to behaviorally discriminate 
low–high and high–low tones, but this discrimina-
tion was observed in the bilateral temporal areas in 

the younger infants and in the left temporal areas in 
the older ones. Similar patterns have been observed 
for the processing of prosody in the right hemisphere 
using NIRS. One study compared the processing of 
natural spoken sentences with that of their hummed 
equivalents (in which prosody was preserved, but 
syntactic, semantic, and phonemic information was 
suppressed) in 4-year-old children. The intact stimuli 
elicited greater left-hemispheric activation, mostly 
in the fronto-temporal areas, whereas the hummed 
stimuli evoked greater right-hemispheric responses, 
suggesting an adultlike lateralization pattern. When 
normal speech was compared to flattened speech, 
lacking any variation in pitch, in a study testing 
3-month-old infants, greater activation was observed 
for normal than for flattened stimuli in the right pari-
eto-temporal regions. Compared to a silent baseline, 
both conditions produced bilateral activation.

It is clear from the above-discussed work that the 
acquisition of the sound patterns of the native lan-
guage is accompanied by increasing specialization 
at the neural level, allowing a more focal and more 
efficient processing of native categories and a loss of 
sensitivity to nonnative ones.

This attunement process has a well-documented 
critical or sensitive period at the behavioral level, that 
is, a specific time window, during which the plasticity 
of the nervous system allows experience to have last-
ing effects on development. In particular, sensitivity to 
nonnative vowel contrasts starts to weaken around 4 
to 6 months, while sensitivity to nonnative consonan-
tal contrasts diminishes around 6 to 8 months. Expo-
sure to a phoneme contrast after the first few years 
of life results in nonnative-like discrimination abil-
ity, whereas exposure prior to the end of this critical 
period gives rise to native perception and production. 
Similar results have been observed for other aspects 
of language, for example, morphology, syntax, and 
to a lesser extent vocabulary, with the critical period 
necessary to achieve native competence, closing some 
time during early childhood. Later learners of a lan-
guage typically perform less well, with the age of first 
exposure correlating negatively with performance.

Such critical periods have been described and well 
documented for different perceptual functions, for 
example, ocular dominance, and so on, in animal and 
human development in the last decades, but we are 
only now beginning to understand the precise cellu-
lar and molecular mechanisms driving them. In ani-
mal models, it has recently become possible to shift 
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critical periods in time and to reopen neuroplasticity 
by administering specific drugs known to act on the 
molecular brakes that bring about the closing of critical 
periods. A pioneering study has recently taken advan-
tage of a natural experiment, examining the effects of 
serotonin reuptake inhibitor (SRI) drugs, commonly 
given to pregnant women as antidepressants, on the 
exposed fetuses and infants’ speech perception abili-
ties. The study has found that SRI-exposed babies 
showed an accelerated developmental trajectory, with 
the critical period for nonnative sound discrimination 
closing earlier, whereas babies of depressed but not 
medicated women exhibited a delayed critical period. 

SRI-exposed babies were able to discriminate non-
native vowels and consonants at 36 weeks of gestation, 
that is, while still in the womb, but already failed at 
6 months, whereas nonexposed babies of depressed 
mothers showed discrimination at 6 as well as at 10 
months. As expected, normal control infants (not 
exposed to SRIs and not having a depressed mother) 
did not yet discriminate nonnative consonantal con-
trasts at 36 weeks of gestation, succeeded at 6 months, 
when speech perception is still universal, and failed at 
10 months, once their perception has narrowed down 
to their native language. Much further work will be 
needed to understand how experience and maturation 
change the initial brain specialization for language 
during the critical period, but these initial findings 
open up a new avenue in the research on critical peri-
ods and brain plasticity for language.

In an attempt to tease apart the relative contribu-
tions of two key factors regulating neural plasticity, 
maturation, and experience, a recent study has looked 
at the development of the brain mechanisms underly-
ing the ability to discriminate languages. It has been 
found behaviorally that newborns are able to discrim-
inate two languages from one another if their rhyth-
mical properties are sufficiently different, for exam-
ple, Japanese and Russian, even if both languages 
are unfamiliar to them, and they can also use this 
rhythmic discrimination to distinguish their mother 
tongue from other languages. As discussed earlier, the 
left or bilateral temporal areas play important roles in 
this discrimination ability from birth on. It has also 
been shown at the level of behavior that infants start 
to discriminate two familiar languages having similar 
rhythmic characteristics, such as Spanish and Catalan, 
at around 4 months of age, most probably based on 
knowledge about the different phoneme repertoires 
and phonotactics of the languages. A recent EEG 

study has explored how experience and neural mat-
uration contribute to the emergence of this ability. 
Four groups of infants were tested: 3- and 6-month-
old full-term as well as 6- and 9-month-old preterm 
infants, born at approximately 6 months gestational 
age (i.e., 3 months preterm). This way, the groups 
were matched pairwise on amount of experience with 
the native language or level of neural maturation. 
Specifically, 3-month-old full-term infants matched 
6-month-old preterm babies in neural matura-
tion, while 6-month-old full-term infants matched 
9-month-old preterm babies in neural maturation 
but also 6-month-old preterm infants in amount of 
language experience. 

The infants were presented with speech in their 
native language, Spanish; in a rhythmically different 
nonnative language, Japanese; and in a rhythmically 
similar nonnative language, Italian. Behaviorally, typi-
cally developing full-term infants are able to discrimi-
nate Spanish from Japanese at birth and Spanish from 
Italian by 4 months of age. Thus, if the amount of expe-
rience with the native language plays an exclusive role, 
then only infants with 6 months’ or more experience 
with the native language should be able to discriminate 
the rhythmically similar pair, Spanish and Italian; that 
is, 6- and 9-month-old premies as well as 6-month-
old full-term babies, but not 3-month-old full-term 
babies, should succeed. If, by contrast, maturation is 
a decisive factor, then infants with a neural matura-
tion level corresponding to at least 6 months full term, 
that is, 6-month-old full-term babies and 9-month-
old premies, should be able to do the discrimination. 
Using induced gamma-band power, the power found 
in the 40 to 80 Hertz (Hz) range of the EEG signal, 
the study has found that all infant groups showed sig-
nificant gamma-band activity for the native Spanish 
stimuli and none for Japanese, and the 3-month-old 
preterm and 6-month-old full-term infants, but not 
the other two groups, did for Italian. This pattern of 
results suggests that the extra 3 months of experience 
with the native language that 6-month-old premies 
have as compared to 3-month-old full-term babies 
does not benefit them in terms of language experience. 
Because they are both at the same level of neural mat-
uration, they cannot discriminate their mother tongue 
from a rhythmically similar language.

The question of language separation is particularly 
important for infants exposed to more than one lan-
guage. How multiple languages are represented in the 
brain is still not fully understood even in adults. Even 
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less is known about the developing brain. One existing 
NIRS study suggests that, globally, phoneme percep-
tion involves similar areas in bilingual and monolin-
gual infants, including the left superior temporal gyrus 
and the left inferior frontal cortex, corresponding to 
the adult brain network. However, one important dif-
ference was found between the two infant populations: 
Bilingual babies remained sensitive to nonnative pho-
neme contrasts for longer periods than monolingual 
ones. This differential sensitivity manifested itself in 
different activation patterns to native and to nonna-
tive contrasts in the monolingual but much less in the 
bilingual infants in the inferior frontal cortex.
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Nonliteral	Language	Use
Nonliteral language is the term given to language that 
conveys altered or indirect meaning. This kind of lan-
guage is also known as figurative language or figures of 
speech. The speakers intend a meaning that is different 
from that which could be derived from a direct, literal 
interpretation of the words; they do not mean what 
they say. Nonliteral language forms include metaphor, 
simile, idiom, proverb, hyperbole, understatement, and 
irony (including sarcasm). In general, these language 
forms present a challenge for children to begin to use 
and understand because they require complex infer-
ences. As such, nonliteral language use and appreciation 
develop over quite a long period in middle childhood. 
This is particularly true for those forms of nonliteral 
language where literal and nonliteral meanings differ in 
strength or valence and that are used to convey speaker 
belief or attitude, such as hyperbole, understatement, 
and irony. These latter forms are the focus here.

Nonliteral	Language	Forms
Hyperbole is an exaggeration of facts, as when a child 
says, “I’m starving,” two hours after breakfast. The 
child is, of course, not literally starving but rather using 
exaggeration for emphasis to make the point that he 
or she is very hungry. With understatement, a speaker 
presents a restrained or diminished version of facts. 
Saying, “She seems a little upset,” when a child is hav-
ing a full-blown temper tantrum is a deliberate under-
statement of the situation. Irony is a statement that 
highlights the discrepancy between what is expected 
and what actually happens, achieved by a deliberate 
contrast between what is said and what is meant. The 
intended meaning can be negative, as when a speaker 
says, “Great day for the beach,” in a rainstorm, or posi-
tive, as when a speaker says, “Play better next time,” to 
a teammate who has had a fantastic game. 

Sarcasm is irony with a victim (as when a child 
says, “Smooth move, Mom,” after his or her mother 
drops all the cards in a deck), although the term is 
often used to refer to a broader class of utterances, 
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including any statement in which the speaker means 
the opposite of what he or she has said. Further, the 
categories of nonliteral language are not exclusive; 
several of the figures can be used ironically, as when a 
child who is disappointed about a rained-out soccer 
game says, “This is the best day ever!” In this case, the 
statement is both hyperbole and irony.

Production	of	Nonliteral	Language
Some typically developing children produce 
instances of nonliteral language as early as age 4 or 
5 years, but there is much variability in this aspect 
of language development. Early productions tend to 
be highly lexicalized exemplars, such as thanks a lot 
or nice going used sarcastically. Generally, these more 
familiar exemplars are produced before more novel 
nonliteral remarks. Children’s early productions can 
often be attributed to mimicry (using utterances they 
have heard before) rather than to context-sensitive 
production. That is, production of novel, context-
appropriate instances of nonliteral language requires 
sophisticated assessment of various contextual fac-
tors (parties present, conversational tone, and recent 
events and remarks) as well as appreciation for the 
words chosen and how those words will be perceived 
by others, and this may not be demonstrated until 
much later in middle childhood. As a result, children 
may use nonliteral language long before they can 
explain why and how it is used.

Where comparative data are available, they suggest 
that children tend to produce hyperbole at an earlier 
age than either understatement or irony. This early 
tendency to use hyperbole may be attributed to the 
fact that this form involves simple exaggeration (of the 
gap between expectations and reality), which could be 
an easier cognitive operation than that demanded by 
other forms. That is, sarcasm and irony require nega-
tion in the form of counterfactual inferences as the 
child speaker must plan a statement that has the oppo-
site to intended valence. Similarly, understatement 
requires attenuation or restraint, and the cognitive 
control this involves could be challenging for children 
who are just developing their inhibitory control skills. 
Further, hyperbole functions to make a statement more 
dramatic or playful, and these are likely very appeal-
ing functions for children, who may be less concerned 
with appearing to be in control (a function achieved 
by use of understatement and irony). Hyperbole may 
also be more compatible with the kind of one-upman-
ship that occurs in children’s conversations (e.g., one 

child says, “My Dad is the strongest guy in the world,” 
and then another responds with, “Well, my Dad is the 
strongest guy in the universe”).

Given these cognitive and functional advantages, 
it is not surprising that hyperbole is used earlier and 
more frequently in child speech than are irony or 
understatement. In contrast, data from adult pro-
duction studies show that in adult speech, irony 
(especially sarcasm) is more frequent than hyper-
bole or understatement. There are also differences 
in the overall tendencies to use nonliteral language 
(of all types) in child and adult conversation. That 
is, nonliteral language use is less common in family 
conversations with children than in conversations 
among adult friends. Children are in general less 
likely to produce nonliteral language than are adults, 
and adults are less likely to use nonliteral language 
when speaking with children than when speaking 
with other adults. This difference may be attributed 
to the sensitivity that adult speakers have to the fact 
that children are less likely to understand nonliteral 
language. In order to avoid misunderstanding, adults 
may adjust their speech tendencies accordingly.

Children’s production is sensitive to the principle 
of mode adoption. This is a characteristic of ironic 
speech whereby a speaker responds to irony with irony. 
For instance, the ironic thanks a lot might be followed 
by the also ironic you’re welcome. By responding to an 
ironic remark with irony, a speaker can participate 
jointly in the pragmatic functions of irony and also 
signal comprehension. Children as young as age 7 
have shown sensitivity to this convention. 

Comprehension	of	Nonliteral	Language
By age 5 or 6, many typically developing children 
begin to appreciate nonliteral language. This appre-
ciation, however, is not usually adultlike and may 
simply involve recognition that the speaker does not 
mean what he or she said; the speaker’s words are not 
consistent with the speaker’s belief. This detection is 
usually present before the ability to infer the speaker’s 
motives for speaking nonliterally. These motives might 
include teasing, humor, and criticism and are not usu-
ally inferred correctly until 8 years of age or later.

Children who are just beginning to detect non-
literal language tend to make systematic errors of 
interpretation for these remarks. When children 
misunderstand hyperbole and understatement, they 
usually take these remarks literally. In contrast, when 
children misunderstand ironic remarks, they tend to 
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take these as instances of deception, as white lies; for 
instance, if the speaker says, “Nice going,” to a snow-
boarder who has just fallen, the child might misin-
terpret this as a deliberately false but noncritical 
statement intended to make the target feel better. The 
difference is one of speaker belief: When hyperbole 
and understatement are misunderstood, the child 
usually assumes the speaker means what he or she 
has said, whereas when irony is misunderstood, the 
child often assumes the speaker does not mean what 
he or she has said.

While the speaker’s tone of voice is not important 
to children’s comprehension of hyperbole or under-
statement, there is evidence that children are sensi-
tive to the speaker’s tone of voice as a cue to ironic 
intent. There does not seem to be a sarcastic tone of 
voice per se but rather a change or contrast in the 
manner of speaking for ironic remarks and a ten-
dency to use intonation that does not match the lit-
eral meaning of the remark, for instance, a mocking 
tone with a positively worded statement. Further, the 
relationship of the statement to preceding context is 
a strong cue to irony; ironic statements tend to be 
incongruent with context. For instance, a sarcastic 
interpretation is probable when a speaker comments 
on a negative event (falling on one’s face while ski-
ing) with a literally positive statement (“You are so 
graceful”). Children can also use their knowledge 
of the speaker (e.g., the speaker is a mean person) 
to infer ironic intent. While none of these specific 
cues seem to be necessary or sufficient conditions 
for irony appreciation, there is some evidence that 
incongruity with context might be particularly 
important for children’s irony interpretation. In 
sum, consideration of these cues can help children 
to distinguish irony from lies.

Several theories have been proposed to explain 
adults’ abilities to understand ironic language, but 
none of these have attempted to explain development. 
Although not a developmental theory per se, there is 
evidence that many children go through two stages 
of irony appreciation, which Brian Ackerman termed 
detection and inference. Detection is the ability to judge 
that the literal form of the utterance does not match the 
speaker’s meaning. Inference is the ability to judge the 
social purpose of an ironic remark. It has been argued 
that detection usually precedes inference because the 
two stages are related to different mental state reason-
ing skills. That is, detection is related to first-order 
theory of mind (the ability to recognize the speaker’s 

belief about the topic on which he or she is comment-
ing), while inference is related to second-order theory 
of mind (the ability to recognize the speaker’s belief 
about how the statement will be perceived by the lis-
tener). This latter, more-advanced form of mental 
state reasoning does not usually develop until age 6 or 
7. The link between irony understanding and second-
order mental state reasoning has also been established 
for populations who have difficulty with both abilities, 
such as children with autism and individuals with a 
closed head injury.

In addition, there are developmental differences 
in children’s appreciation of different forms of irony. 
Sarcasm and negative irony (statements like, “Smooth 
move, Mom,” that are literally positive but intended 
to convey negative meaning) are usually understood 
before positive irony, which is also known as ironic 
praise or ironic compliments (statements that are lit-
erally negative but intended to convey positive mean-
ing, as in the aforementioned, “Play better next time”). 
There are several potential explanations for this asym-
metry. One is that positive irony is less common in 
adult speech than negative irony. That is, irony is usu-
ally used to comment on the fact that events have not 
unfolded as expected. 

People tend to have positive expectations, and 
when expectations are not met, it means that things 
have not gone as well as hoped. Thus, when com-
menting on this state of affairs, the irony used is usu-
ally of the negative form. Given this tendency for neg-
ative irony to be more common in everyday speech, 
children will have more experience with this form and 
less experience with positive irony. This exposure is 
likely important to children’s developing comprehen-
sion skills, and with less frequent use of positive irony, 
there is less opportunity to learn about it in a social 
context. Beyond the difference in everyday use, how-
ever, there are other aspects of positive irony that may 
make it a particularly challenging form for children 
to appreciate. In particular, the mental state reasoning 
associated with understanding this type of utterance 
may be particularly difficult because of the represen-
tations and operations involved. 

With positive irony, the surface or literal mean-
ing is negative. The listener must negate the negative 
meaning to infer the speaker’s positive intent, and 
this negation of negative meaning could be more 
difficult than the reasoning involved in understand-
ing negative irony (where the listener must negate 
a positive meaning). A final issue associated with 
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ironic praise involves the absence of echoic mention. 
Echoic mention is a characteristic of irony whereby 
the ironic remark echoes or repeats an earlier state-
ment or event. For instance, if a child declares, “I’m 
really good at soccer,” and then later misses an easy 
scoring opportunity, a teammate might say, “You sure 
are good at soccer.” Here the ironic remark involves 
echoic mention, and this has been shown to be an 
effective cue for irony detection and appreciation. 
Frequently, however, ironic statements are made 
without any explicit echo. 

For negative irony, this is not much of a problem 
because, as mentioned, expectations are typically for 
positive outcomes. Thus, there is often an implicit 
echo involved in negative irony. For positive irony, this 
is less often the case, and the presence of an explicit 
echo has been shown to be particularly important for 
ironic praise; children appreciate ironic intent more 
readily when positive irony involves echoic mention. 
For instance, if a child declares, “I’m really bad at soc-
cer,” and later scores a game-winning goal, a team-
mate might say, “You sure are bad at soccer.” When 
this echoic mention is present, children will usually 
detect ironic intent more accurately.

Children’s skills at irony appreciation continue to 
develop through middle childhood. By age 9 or 10, 
many children can distinguish between sarcasm and 
irony in the sense that they recognize sarcasm can be 
more critical (of the target) than irony. By this age, 
children also seem to appreciate that indirect irony 
(e.g., “Some people are natural-born golfers”) can be 
perceived as funnier than direct irony (e.g., “You are a 
natural-born golfer”), a perception shared by adults. 
This form of circumlocution may be funnier because 
it is perceived as less critical, and children seem to 
struggle with appreciation of speech acts that are 
simultaneously funny and critical.

One matter of some debate in the adult irony liter-
ature is the nature of irony processing. That is, while 
some researchers argue from a modular position 
that, in comprehension, an ironic interpretation can 
only be considered once the literal meaning has been 
rejected (the literal-first account), other research-
ers take a more interactive position to explain com-
prehension and argue that an ironic interpretation 
is considered along with a literal interpretation in 
the earliest moments of processing (the interactive 
account). This issue has begun to be examined in 
the developmental literature in recent studies using 
the visual world paradigm. In this work, children 

judge speaker intent using response objects. That 
is, children are trained in advance that, if a speaker 
says something nice, they are to put the nice duck 
in the answer box, and if a speaker says something 
mean, they are to put the mean shark in the answer 
box. During comprehension, children’s eye gaze to 
those objects is tracked in order to make inferences 
about their processing of literal and ironic mean-
ing. Results to date show no evidence for literal-first 
processing; when judging speaker intent for ironic 
remarks, children tend to consider the ironic mean-
ing early in processing, consistent with an interactive 
account. 

Factors	That	Influence	Nonliteral		
Language	Development
Children’s abilities to use and understand nonliteral 
figures of speech unfold over a long developmental 
window, with initial productions as early as age 4 and 
appreciation growing more sophisticated through 
middle childhood and even into early adolescence. 
There are certain factors that seem to be related to 
these developments.

Generally, the more complex the inferences 
required, the later the form tends to be acquired. 
Children’s ability to comprehend nonliteral language 
has been linked to their vocabulary size, with larger 
vocabularies associated with more accurate nonliteral 
language appreciation, and to their conceptual knowl-
edge, as this is required in order to understand the top-
ics and relationships referenced in figures of speech. 
For irony in particular, children’s theory of mind 
skills (ability to understand others’ mental states) and 
metarepresentational competence (a representation 
of a representation, or thinking about one’s own and 
others’ thoughts and utterances) are linked to their 
abilities to infer speaker belief and intent.

In addition, social experience is associated with 
development of children’s production and appre-
ciation of nonliteral language. For instance, there 
are strong differences between families in tenden-
cies to use nonliteral language, and these are related 
to development of children’s nonliteral language 
skills. Parents’ rates of nonliteral language produc-
tion are positively correlated with children’s produc-
tion of nonliteral language. Further, parents’ self-
reported tendencies to use ironic language, especially 
in risky contexts where others might not choose to 
use irony, have been associated with children’s rela-
tive proficiency in irony appreciation. Some of these 
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relationships may be explained by mode adoption 
(children may tend to respond to a parent’s irony with 
irony of their own), but parents’ nonliteral language 
use also provides children with opportunities to prac-
tice interpretation and to learn which cues and con-
ditions tend to be associated with nonliteral speech. 
This experience helps children to develop knowledge 
of indirect language, which is important to both pro-
duction and appreciation of these forms.

Further, there is evidence that, in the family set-
ting, children are more likely to demonstrate produc-
tion and understanding of nonliteral language. That 
is, production and comprehension may be demon-
strated earlier in the family context than in laboratory 
settings. This may be attributed in part to the func-
tion that nonliteral language (especially hyperbole) 
serves as verbal play and to the tendency for verbal 
play in family conversations. In addition, children are 
more familiar with the attitudes and speech tenden-
cies of family members, and this insight may facilitate 
irony appreciation, providing support to children as 
they develop the ability to understand this complex 
aspect of everyday language. 

Penny M. Pexman
University of Calgary
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Noun	Bias	in	Word	Learning
The term noun bias is used to describe a common pat-
tern exhibited in children’s early vocabularies in which 
the number of nouns exceeds the number of other 
word types. In general, studies have shown a domi-
nance of nouns in typically developing children’s lan-
guage development before 18 to 24 months, which may 
or may not persist. As Katherine Nelson suggests, the 
noun advantage should not be construed as predicting 
that all nouns precede all verbs or that no verbs are 
learned in the earliest stages of language development. 
Instead, it merely characterizes a greater proportion 
of nouns as compared to verbs, most strongly seen in 
production, especially in these early stages.

There are two main methodologies that have been 
used to study early vocabularies: vocabulary checklist 
measures (particularly the MacArthur–Bates Com-
municative Development Inventories [CDI]) and nat-
uralistic observation. An advantage to using a check-
list to obtain parental reports of children’s receptive 
and productive vocabularies (described by Julian Pine 
and colleagues) is that the researcher can sample a 
range of words that includes words that may not be 
relevant in a particular sampled context. A disadvan-
tage is that there are often more nouns than verbs on 
the list, and thus a noun bias can emerge partially in 
response to the number of words of each type that are 
available for report. Naturalistic observation in the 
home or lab allows the researcher to sample both the 
parent’s and child’s speech and thus can be useful for 
studies seeking to link patterns in the input to chil-
dren’s language development. 

Additionally, researchers using this method can 
measure both word types (e.g., number of differ-
ent nouns) and tokens (e.g., number of total nouns, 
including repetitions of the same form); the noun 
bias describes differences in the use of types and not 
necessarily tokens. Observational studies have shown 
that the contexts that are sampled are important, with 
book reading linked to the sampling of more noun 
uses than toy play. 
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Overall, using both of these methods, a noun bias 
has been found in most languages that have been stud-
ied, though there is some debate about this bias in 
some languages (particularly Mandarin Chinese and 
Korean). Also, the extent to which the advantage for 
nouns is found varies across languages, with English 
being a language in which the bias is particularly high. 
Even so, typically developing children begin to emerge 
from this early stage and may begin to focus on the 
acquisition of verbs in earnest around the age of 2.

Researchers studying this bias have posited sev-
eral key factors that may contribute to this pattern. 
As described by Dedre Gentner as part of her natural 
partitions hypothesis, one factor concerns the cogni-
tive ease with which concrete objects are perceived 
as cohesive whole objects apart from language. This 
contrasts with events that consist of elements that are 
distributed across time and space. Linking a verb to 
just those elements of a dynamic, ongoing stream of 
action appropriate to that verb’s meaning is a more 
cognitively complex problem than is linking a new 
noun to a concrete object. 

Similarly, children may have some early word 
learning biases they use to learn nouns in particular. 
They may expect nouns to map onto whole objects, 
as found by Ellen Markman, they may expect nouns 
to refer to categories, as found by Sandra Waxman, 
and they may expect nouns to extend to other objects 
based on shape, according to Linda Smith; whether 
similar biases are recruited in verb learning is less 
clear. Another factor that influences the noun bias is 
the presence and extent of morphology required for 
nouns (e.g., in English, the ending –s) as compared 
to verbs (e.g., –ed), as well as the predictability of 
morphological patterns (or morphological transpar-
ency). If one word type is more highly inflected than 
another, words in that category could be more diffi-
cult to acquire because words are heard in different 
forms. In many languages in which a noun bias has 
been documented, the verb category requires more 
inflections than the noun category. 

One mitigating factor is the predictability of these 
patterns, with children learning languages with 
highly regular morphology (e.g., Turkish) showing 
robust word learning. A related linguistic consider-
ation concerns differences in the noun and verb cat-
egories themselves across language, with the noun 
category being organized more similarly across lan-
guages than is the verb category. Additionally, the 
ease by which a word can be segmented from the 

sentence may influence acquisition such that lan-
guages with noun ellipsis or with verbs in final posi-
tion (for example) may show less of a noun bias than 
other languages. Last, researchers have considered the 
cultural or social contexts in which verbs and nouns 
are used. For example, the extent to which caregivers 
label objects and repeatedly utilize naming routines 
(as in picture-book reading) is linked to a greater 
noun bias, whereas a focus on actions to prepare 
the child to participate in an interconnected social 
world appears to promote the acquisition of verbs. 
Most studies of nouns and verbs in early vocabularies 
measure aspects of each of these factors, and typically 
multiple factors interact to promote the acquisition 
of nouns as compared to verbs. 

Jane B. Childers
Trinity University
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Numerical	Cognition	and	
Language	Development
The term numerical cognition refers to the knowl-
edge and mental representation of number words, 
of numerical quantities, both discrete (integers) and 
continuous (real numbers), and of the systemic rela-
tions encoded in basic principles of arithmetic. Num-
ber words are words. And so, like any other words, 
they must be learned by a process of mapping form to 
meaning. In addition, children must learn the appro-
priate syntactic–distributional properties so that they 
are used appropriately and grammatically. Children 
must also learn how the meanings of the constituents 
of numerical constructions combine to form holis-
tic constructional meanings based on phrasal-level 
meaning and pragmatic inference. 

With regard to the syntactic distributional prop-
erties, number words are in the category of quanti-
fier, which share syntactic properties of determin-
ers, adjectives, pronouns, and nouns. In addition to 
numerals, other words classified as quantifiers in Eng-
lish are those operators that specify degree and man-
ner of quantification without necessarily denoting a 
specific numerical quantity. Thus, terms such as some, 
few, many, several, each, and every are also classified as 
quantifiers but do not specify exact quantities. Some 
of these terms are more determiner-like, and some 
are more adjective-like, and they each show idiosyn-
cratic distributional properties in linguistic construc-
tions; there is no unique set of constructions that 

accommodate all and only the quantifiers in English. 
Numerals, such as one, two, three, and so on, can func-
tion like determiners (three blind mice), or like adjec-
tives (Fred’s three mice), sometimes like pronouns (I 
have three or Three will do for now), and sometimes 
like nouns (Bad things come in threes or It’s just the 
three of us). 

Acquisition of syntactic–distributional properties 
of numerals has received relatively little attention, 
although it is quite rare to find systematic errors in 
the use of number words in natural speech. In gen-
eral, children also seem to use appropriate singular 
or plural agreement with numerals, so long as they 
have command over plurality by around the third 
year of age. Semantically, numerals differ from other 
quantifiers in denoting exact rather than approximate 
quantities. For example, even though a and one have 
similar meanings, differences arise when exactness is 
at stake. So, for example, if Fred has three balls, it fol-
lows that he has a ball but not that he has one ball. In 
fact, the implications of how many items are denoted 
by specific numerals are sometimes ambiguous, espe-
cially when both distributive and collective readings 
are possible. Children must also learn that, when 
objects are numerically quantified, a holistic interpre-
tation of the object is implied. That is, three Xs entails 
that one is quantifying over whole objects rather than 
parts or collections. Contrary to this principle, Eliza-
beth Shipley and colleagues found that children will 
say that a fork that has been broken into two pieces is 
now two forks, thus violating the holistic presupposi-
tion in numerical quantification.

How	Children	Learn	Number	Words
To understand how children learn the meanings of 
number words, we must first understand how mean-
ings are represented in general, which has proven to 
be a challenging question for linguistics. Many the-
oretical accounts of meaning representation entail 
breaking down meanings into more primitive seman-
tic elements, sometimes referred to as features in the 
same vein as phonological features that represent the 
basic building blocks for representing speech sound. 
However, for semantics, such representations are 
almost never successful. Everyday concepts like dog 
and thief and courage and virtue are almost impossible 
to adequately define by feature representations, and it 
is often necessary to take into account the more gen-
eral context in which terms are used, how they relate 
to other concepts, and the structure of the semantic 
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space within which the concept resides. Dogs are not 
only things that have four legs and bark, but they also 
are animals that have roles within a certain biologi-
cal, behavioral, and social system that they inhabit. 
In the case of number words, the mental spaces that 
these terms inhabit are fairly well circumscribed. In 
this regard, the number word domain represents an 
interesting model system for studying semantic devel-
opment in general.

Meanings of number words seem to be represented 
in something like a mental number line. Stanislas 
Dehaene has shown that people consistently show a 
distance effect based on the number-line representa-
tion. Number–word pairs that are further apart in the 
count sequence (e.g., 12, 86) are more quickly judged 
to be either lesser or greater than number–word pairs 
that are close together (e.g., 12, 18). It is as if some 
kind of mental–visual acuity is at play in inspecting 
the mental image of the number line when making 
such judgments.

Mapping form to meaning for number words is not 
like mapping for regular concepts. Concepts consist 
of the semantic information of a word meaning and 
allow discrimination of one concept from another. 
Concepts associated with number words cannot be 
identified directly and discriminated in the same way 
as concepts that distinguish, say, a fire truck from a 
tractor. Imagine comparing numerical quantities 
such as 186 and 191. There is no possibility to hold 
such concepts directly in mind as one might hold, say, 
the image of a fire truck. Even for smaller quantities 
like three versus five, which are more tractable, the 
representation is still ephemeral and depends on the 
item being quantified. There are as many physical rep-
resentations of numerical quantities as there are indi-
viduated entities to be counted, and it seems unlikely 
that one kind of object would be privileged as a kind 
of prototype for representing numerical concepts. In 
other words, it is unlikely that the concept of four is a 
mental image of, say, four eggs, or trucks, or whatever. 

And so, the child’s meaning for number words must 
be instantiated over abstract and variable representa-
tions. In experiments on number learning, children 
and infants might be presented with arrays of black 
dots as if these were semantically empty, content-free, 
numerical forms, but the actual format for numeri-
cal meanings is unlikely to be visually concrete in 
anything like that format. Because number concepts 
have no representation independent of the arguments 
that they operate on (i.e., things being counted), the 

only possibility would seem to be that quantities are 
represented as pure symbols in the form of the dig-
its in the count sequence that we use in writing and 
speaking about numbers. In addition, the glue that 
holds them together appears to be the count sequence 
itself. Unlike objects that can stand independently as 
concepts, numerical concepts can only be instanti-
ated when quantifying over other concepts or as rep-
resented within a count sequence that indicates the 
iterative function of adding one counted object for 
each additional member of the sequence. 

Learning	the	Count	Sequence
One part of learning about the meanings of number 
words, then, is learning the count sequence itself. It is 
crucial that learning the meaning of number words 
includes learning how to count. Psychologists Rochel 
Gelman and Randy Gallistel proposed that children 
acquire a set of such how-to-count principles that 
guide their ability to represent numerical quantities. 
These include the following: the cardinality prin-
ciple—the idea that the final digit that is listed in a 
count sequence represents the cardinality, or numer-
osity, of the set as a whole; the one-to-one principle—
the idea that one object must be associated with one 
count word; and the stable order principle—the idea 
that words in the count sequence must always appear 
in the same order, regardless of whether they are the 
same conventional numerals that are used in the adult 
language. Studies of how children acquire these prin-
ciples have suggested that the principles are, in fact, 
present in some of the earliest counting behaviors 
of preschoolers. This early apprehension of numeri-
cal cognition has led some researchers to suggest that 
primitive counting principles are part of an innate 
number representational system.

As noted previously, one problem for representation 
of numerical concepts is the vastness of the domain. 
The number line is infinite, but even at relatively 
modest scales, it is difficult to keep track of as a men-
tal entity that is independent of the symbol itself. It is 
almost impossible to pin down the meaning of, say, 19 
that is independent of the word nineteen or of its posi-
tion within the number line. One aspect of numerical 
cognition that has been observed since the late 19th 
century is the phenomenon of subitizing. This occurs 
when people are presented with small quantities of 
objects, such as three black dots, and they are able to 
enumerate them quickly and without error. Generally, 
there is no difference between performance on a set 
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size of one and a set size of three dots. Beyond three, 
performance begins to show correlations between set 
size and reaction time or error rate. Subitizing, then, is 
the ability to immediately perceive the numerosity of 
a set without signs of counting. Beyond this small set 
size, it appears that some form of implicit or explicit 
counting is required. In recent years, this phenome-
non has been linked to working memory limitations, 
object files, and the idea of parallel individuation—
the limit on how many representations of individuals 
one can hold in mind at the same time.

Learning	Larger	Sets
Beyond the representation of these small number 
sets within the one-to-three range, the representation 
of larger sets is analog in nature exhibiting familiar 
psychophysical properties of magnitude estimation 
described by the laws of E. Weber and G. Fechner. 
When people perceive continuous, analog magni-
tudes like weight, loudness, and temperature, their 
judgments of magnitude show a direct relationship 
between the size of the stimulus and the error in esti-
mation of its magnitude. This also applies to magni-
tude differentiation, whereby a 2-pound (lb.) weight 
is more easily discriminated from a 3-lb. weight than 
is a 22-lb. from a 23-lb. weight. The required distance 
for discrimination increases in proportion to the 
base quantity being estimated or compared. Likewise, 
when people are asked to estimate the number of 
items in a set and explicit counting is not permitted, 
people exhibit a similar relationship between set size 
estimation and error rate. The ratio of set size to stan-
dard deviation of the estimate is known as the coeffi-
cient of variation, which is constant across quantities.

In young infants, large number quantities are dis-
tinguished when the difference between set sizes is 
roughly 1:2 (8 versus 16) but not when it is 2:3 (8 versus 
12). Mark Strauss and colleagues suggested that young 
infants do discriminate small numerical differences, 
between one and two, one and three, and two and three 
but not beyond. In further studies, Lisa Feigenson and 
colleagues showed that toddlers can represent hidden 
quantities of one, two, and three but not four or greater. 
When infants were shown one, two, three, or four gra-
ham crackers, which were placed in an opaque box, 
they were happy to reach into the box to retrieve the 
crackers. If they had seen three crackers placed in the 
box, and one was surreptitiously removed, they would 
keep searching for the missing cracker with their hands. 
Search times were much longer for the missing cracker 

if they had seen three and retrieved only two than if 
they had see two crackers put in the box and retrieved 
two. On the other hand, if this task was done with four 
crackers, toddlers did not continue to search for the 
missing cracker after they retrieved three. They were 
not able to represent the missing cracker, presumably 
because four was beyond their ability to hold numer-
osities in memory. 

What allows the infant to move beyond the repre-
sentation of threeness and to encode fourness? One 
possibility is that numerical cognition in this case is 
given a boost by learning bits of language that require 
discrete quantification in the form of primitive count-
ing. In this case, it is not actual count words that are 
required but the idea of counting in the grammar that 
is indicated by plural marking of nouns with the –s 
suffix. David Barner showed that, at about 2 years 
and 2 months, toddlers begin to show expectations of 
fourness in the cracker task (above) at almost the same 
time that they begin to use –s plurals consistently on 
count nouns. This relationship between the acquisi-
tion of linguistic devices for indicating individuation 
and the representation of number beyond the small 
quantities has been referred to by Susan Carey and 
others as bootstrapping. This is an idea, originally 
developed by the philosopher W. V. O. Quine, that 
progress in one domain can be assisted by informa-
tion from another domain.

In early studies exploring how meanings of num-
ber words are acquired, Karen Wynn developed some 
simple tasks in which she asked young preschoolers to 
either name a quantity of objects presented in front 
of them or else to give her a stated number of objects. 
Using this procedure, she identified a sequence of 
development whereby young children started out 
as one knowers, followed by two knowers, and then 
three knowers. Being in these categories meant that 
the words one, two, and three, respectively, were con-
sistently applied to the correct set sizes, whereas larger 
set sizes were responded to randomly. 

Cross-Cultural	Variation
One question concerning the origins of numbers and 
counting in humans is whether there could be some 
innate knowledge of number specified in the human 
genome. To address this question, it is crucial to con-
sider not only development but also cross-cultural 
variation. Counting systems vary greatly across cul-
tures. Some cultures use 10-based systems, and some 
use five-based systems, both of which are presumably 
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derived from finger counting. Some extend body-
part counting to up to 33 different regions of the 
body, but some do not use bodily referents as a basis 
for the count system. These are the so-called one-
two-many systems. 

One culture with such a system that has been 
studied in depth is the Pirahã, a small tribe of indig-
enous river dwellers in Lowland Amazonia in Bra-
zil. The tribe is monolingual in the Pirahã language 
and has almost no exposure to the count systems of 
Portuguese. Explorations of this system suggest that 
the one-two-many designation is a bit generous. The 
word for one (hói) is the same as the word for two 
(hoí), except for the direction of the tone (falling ver-
sus rising respectively). Hói can also be used to mean 
small in opposition to igo, meaning big, suggesting a 
lack of distinction between discrete and continuous 
quantification for these terms. In fact, when tested 
for the meanings of these “number words,” their ref-
erence was clearly not linked in meaning to English-
language concepts of one and two, and these terms 
could be used to pick out quantities of five, six, or 
more objects. Therefore, it has been suggested that 
this language lacks a real counting system at all. Such 
a situation presents a rare case study of how concepts 
develop in humans in the absence of clear names to 
pick out exact numerosities. When tested on tasks 
requiring the matching of arrays of objects in vari-
ous configurations, Pirahã adults performed at near-
perfect levels for small quantities up to two or three 
but decreased steadily as set size increased. In fact, 
when the coefficient of variation is computed on their 
responses to larger set sizes, they showed a constant 
value indicative of a Weberian magnitude estima-
tion function. The value of the coefficient was almost 
exactly the same as that found in experiments with 
undergraduate students in number estimation tasks 
in which counting was suppressed experimentally. 

Conclusion
These studies provide evidence of lack of consistent 
number words in the Pirahã language, along with a 
lack of representation for exact numerical quantities, 

except within the very small range that corresponds 
to the subitizing range. The absence of numerical lan-
guage in this culture is associated with a lack of exact 
numerical concepts of medium- to large-sized groups. 
However, what is preserved is the numerical estimation 
function that is observed in all humans when count-
ing is prevented. This suggests that the acquisition of 
number words in one’s native language promotes the 
ability to conceive of numerical quantities that extend 
beyond the small number range. In this way, one can 
think of the language as bootstrapping the system of 
numerical cognition in development.

Peter Gordon
Teachers College, Columbia University
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Otitis	Media	and	Language	
Development
Otitis media (OM) includes all conditions involving 
fluid or inflammation in the middle-ear space. The 
fluid causes temporary hearing loss, and there is con-
cern about subsequent language impairment because 
OM is most likely to occur early in life during criti-
cal periods for auditory system and speech perception 
development. Research indicates that the relationship 
between OM and language development is complex: 
OM impacts are mediated by the child’s access to the 
language environment via pathways that are both 
direct (i.e., child hearing and auditory function fac-
tors) and indirect (i.e., child attentional and parental 
input factors). Furthermore, there may be interac-
tions with genetic risk for OM itself as well as speech 
and language disorders.

Research regarding these complex pathways is ham-
pered by the difficulty describing a given child’s his-
tory of OM exposure. When there is inflammation 
and infection, the child may have pain or fever and be 
otherwise unwell, prompting a request by the parent 
for medical investigations leading to detection and 
treatment. More commonly, the child will have otitis 
media with effusion (OME), a subcategory that refers 
to fluid in the middle ear without evidence of infec-
tion; in this case there may be no overt symptoms, and 
the condition may go undetected. Fluid in the middle 

ear, regardless of the presence of infection, is associ-
ated with significant hearing loss. Hearing thresholds 
can vary from 20 to 50 decibels (dB), with the degree 
of loss not linearly associated with the various stages of 
an OM episode (i.e., negative pressure, fluid in the ear, 
infection, glue ear, or resolution); therefore, the sever-
ity of the hearing loss associated with a child’s episodes 
of OM will not be known without direct audiologi-
cal testing. OM and the effects on hearing are usually 
not equal across the two ears, and thus, there is a risk 
of impacts on central auditory functions that involve 
integrating information that is received at slightly dif-
ferent times from the two ears; these differences in 
binaural processing of sound may interfere with the 
processing of speech in noisy conditions even after the 
OM and the attendant hearing loss has resolved. 

OM is common, with two-thirds of all children 
experiencing at least one episode in the first year of life 
and almost half experiencing recurrent OM during 
the first thre years. Five to 10 percent of infants expe-
rience chronic OM, often leading to the placement of 
tympanostomy tubes in the ear drum to relieve pres-
sure or drain fluid from the middle ear. Risk factors 
for recurrent or chronic OM include very early age of 
first episode, male sex, close proximity to other chil-
dren at home or in day care, and passive exposure to 
cigarette smoke. Patterns of family aggregation sug-
gest that the risk for OM may be heritable. Use of pac-
ifiers and bottle feeding are less certain as risk factors. 
Breast-feeding is a possible protective factor. 

O



Efforts to detect long-term effects of OM on lan-
guage development in children have involved both 
retrospective and prospective investigations in which 
children who suffered relatively few episodes of OM 
during the first few years of life were compared to 
children who suffered many more episodes or a high 
percentage of days with middle-ear effusion (i.e., fluid 
in the ear) during this period. Studies have reported 
that children with recurrent OM demonstrate com-
paratively poorer performance on measures of speech 
perception and babbling in infancy; vocabulary skills 
in toddlers and preschoolers; articulation skills in pre-
schoolers; receptive language skills in toddlers and 
preschoolers; expressive language skills in toddlers, 
preschoolers, and school-aged children; and academic 
achievement in school-aged children. Other studies 
have reported significant correlations between time 
with OM and measures of vocabulary, syntax, recep-
tive language, and expressive language in toddlers and 
preschoolers. These findings have been reported for 
children from middle-class and low-income back-
grounds, for majority and minority children, and for 
children speaking a variety of languages in developed 
and developing countries. 

Despite these many positive findings, many studies 
have not found such relationships, and therefore, there 
is no consensus in the literature regarding the role of 
OM in language development. The state of confusion 
in this literature can be attributed to the complex-
ity of the relationships among the many mediating 
and moderating variables as well as the difficulty of 
achieving sufficient statistical power to detect small 
effects in studies requiring long-term prospective 
monitoring of large samples. The first factor to con-
sider is that OM is a normal event affecting virtually 
all children; it has its impacts by reducing the child’s 
access to language inputs in a fashion that is difficult 
to predict given that the severity of the hearing loss 
varies greatly within and between children, and the 
amount of language input that children receive from 
the environment also varies enormously from child 
to child. For these reasons, it is most prudent to con-
clude that OM contributes to normal variation in lan-
guage outcomes within any given population of chil-
dren. The contribution is small and interacts with all 
other variables that influence the child’s access to and 
processing of language inputs. A particularly impor-
tant moderating variable is the severity of the hear-
ing impairment that is experienced by the child with 
OM, which explains why relationships between OM 

and language outcomes are more likely to be detected 
when hearing impairment is carefully documented 
alongside the child’s history of middle-ear function. 
Socioeconomic status is associated with differences in 
the amount and quality of language input received by 
the child and thus interacts with OM to impact out-
comes; specifically, the correlation between OM and 
language outcomes is likely to be larger among sam-
ples with higher socioeconomic status. On the other 
hand, it has been reported that high-quality commu-
nicative interactions between adults and children may 
compensate for the effects of OM-related behavioral 
changes in children (i.e., less attention to speech and 
fewer verbal and nonverbal initiations of communi-
cative exchanges). In this case, a high-quality environ-
ment may serve to buffer against the negative impacts 
of OM on language development. Timely and appro-
priate medical intervention to prevent or cure OM 
might act as a moderator variable, but in fact, medical 
treatments such as antibiotics have not been shown to 
be effective in the resolution of middle-ear effusion, 
which is primarily responsible for hearing loss and 
therefore may play no positive or negative moderat-
ing role in the relationship between OM and language 
outcomes. Tympanostomy tubes are more effective in 
restoring hearing, but effects on language develop-
ment have not been established; in these studies, the 
tubes were not typically placed during the first two 
years of life, however.

Notwithstanding the many research findings of 
weak or nonexistent relationships between OM and 
language outcomes, it is probable that OM plays 
a role in the etiology of language impairment in a 
small minority of children. In these cases, very early 
age of onset and long-term chronicity will be impor-
tant mediating factors due to critical periods for the 
development of certain central auditory functions; in 
particular, auditory deprivation in the first 6 to 12 
months of life impacts on speech perception in noise 
over the long term; furthermore, this is an important 
period for the formation of language-specific percep-
tual knowledge of phonetic categories. There is also 
evidence for gene-by-environment interactions: Spe-
cifically, OM has been shown to be associated with 
poorer language functioning in children with high 
genetic risk for speech disorders than those with low 
genetic risk. These interactions of environmental 
and genetic factors mean that OM might frequently 
be a causal factor when considering clinical popu-
lations of children referred for speech or language 
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assessment even though the relationship between 
OM and language outcomes is weak in the general 
population. Furthermore, given that OM-related 
hearing impairment will limit the child’s access to 
language inputs that are essential to the treatment of 
language impairment, attention to the detection and 
treatment of OM-related hearing loss in these chil-
dren will be essential.

Susan Rvachew 
Christina Tausch
McGill University

See	Also:	Assessment of Language Abilities; Child-
Directed Speech (Effects of Variation in Quality); Critical 
Period in Language Development; Genetic Basis of 
Language Development and Impairment; Language 
Development in Deaf Children; Neural Basis of Language 
Development; Pediatric Audiology; Speech Perception and 
Categorization.

Further	Readings
Daly, K. A., et al. “Recent Advances in Otitis Media. 2. 

Epidemiology, Natural History, and Risk Factors.” 
The Annals of Otology, Rhinology and Laryngology 
Supplement, v.188 (2002).

Paradise, J. L., et al. “Tympanostomy Tubes and 
Developmental Outcomes at 9 to 11 Years of Age.” New 
England Journal of Medicine, v.356 (2007).

Roberts, J. E., R. M. Rosenfeld, and S. A. Zeisel. “Otitis 
Media and Speech and Language: A Meta-Analysis of 
Prospective Studies.” Pediatrics, v.113/3 (2004).

Whitton, J. P. and D. B. Polley. “Evaluating the Perceptual 
and Pathophysiological Consequences of Auditory 
Deprivation in Early Postnatal Life: A Comparison of 
Basic and Clinical Studies.” Journal of the Association for 
Research in Otolaryngology, v.12 (2011).

Over-Extension	and	Under-
Extension	in	Word	Learning
The meanings of children’s first words do not always 
correspond to the meanings of the same words in 
adult language. Early words may be extended to a 
broader class of referents, some of which fall out-
side of the conventionally agreed-upon category for 
that word in adult language—a phenomenon termed 

over-extension. Alternatively, words can be used 
restrictively in a single context or for a very limited 
subset of instances in the corresponding adult cate-
gory—a phenomenon termed under-extension. For 
example, the word dog would be an over-extension 
when used by the child to refer to other animals (e.g., 
gerbil, fish, or horse); the same word would be an 
under-extension when used to refer to a particular 
dog (i.e., the family dog) but neither to pictures of 
dogs nor to other dogs in the neighborhood.

The first systematic study of over-extensions was 
conducted by Eve Clark, whose analysis of several 
diary studies revealed that over-extension exists in the 
productive lexicons of children between the ages of 1 
year, 1 month, and 2½ years, and may still be found 
when children are much older. Over-extension is uni-
versal and pertains to approximately 30 percent of the 
words acquired by young children. Over-extension 
usually appears after a few weeks of uttering a word in 
acceptable contexts, and it ceases to exist as the pro-
ductive lexicon becomes larger and more specified. 
Over-extension has been documented for both nouns 
and predicates. Examples include the use of ball for 
round hanging lampshades, oranges, cookies, light 
switches, doorknobs, and the moon; or, as Melissa 
Bowerman indicated, the use of kick for turtles danc-
ing in a cartoon, objects moving forward, sitting on 
the lap of another child, and a picture of a cat looking 
at a ball of wool.

The bases for children’s over-extensions are per-
ceptual, functional, and emotional; they are also 
related to taxonomic organization. Most often, over-
extensions result from a combination of a shape bias 
and a categorical inference. Classic over-extensions 
are based on stable features (e.g., pocket for any con-
tainer), where the basis for associative over-extensions 
are more dynamic (e.g., moon for a pita bread and a 
hanging, mobile object).

Detailed analyses of the context in which a child 
initially utters a new word, as well as examination 
of the subsequent uses of the same word in various 
contexts, have been used as a heuristic for comparing 
the child’s extensions to the adult’s scope of mean-
ing for the same words. Esther Dromi’s diary study 
is an example of such an investigation. Experimental 
studies, in which children are asked to label pictures 
and objects or select the corresponding referent for 
a target word, provided additional support for the 
existence of over-extension and also shed light on 
theoretical explanations for the phenomenon. More 
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recently, the preferential-looking paradigm, which 
facilitates the study of comprehension in very young 
children, proved the existence of over-extension in 
comprehension.

On the basis of a number of methods for testing 
over-extension in comprehension, it is safe to con-
clude that over-extensions are much less observable 
in comprehension than in production. When over-
extension occurs in both production and in compre-
hension, it is more stable and is also sustained over 
time. These findings led to the conclusion that differ-
ent over-extensions may have different causes.

Several explanations were given for the phenome-
non of over-extension: It reflects an immature seman-
tic category associated with the word; it reflects a per-
formance error due to a small vocabulary; it represents 
a retrieval problem due to a limited memory span or 
limited processing capacity; or it reflects a communi-
cative strategy guided by the pragmatic principle of 
relevance (i.e., the child is using a closely related word 
to indicate analogy). Empirical data support the view 
that, in some cases, over-extension is indeed the result 
of an incomplete lexical entry, and that, in other cases, 
it results from a communicative strategy of using the 
best linguistic term compatible with the child’s abili-
ties at the moment of production.

Under-extension has received relatively less atten-
tion in the literature. Several reasons could explain 
this. Under-extensions are less prevalent than over-
extensions; they exist for a relatively shorter period of 
time, and they are harder to notice because they carry 
conventional meanings. Four types of under-exten-
sions were identified: (1) using a word for one entity 
only, such as uttering the word elephant for only a spe-
cific stuffed elephant toy while failing to say the word 
for other toy elephants or for photos of real elephants; 
(2) uttering a word in only one context, such as say-
ing shoes for mother’s shoes, solely at the time when 
the child is wearing them; (3) using a word in a spe-
cific place only, such as uttering the word light when 
turning the lights on or off only in the parents’ bed-
room, but never in other rooms; and (4) using a word 
while performing an action (a restriction that seems to 
be connected with action words), for example, using 
the word down only while performing the action and 
never when requesting parents’ help to get down or 
following the completion of the action.

The first category of under-extension involves 
expressions that are not yet fully specified in the child’s 
semantic system and, therefore, currently function as 

proper names with a unique reference. The other three 
types result from apparent misclassifications of expe-
rience, such that the child’s semantic category under-
lying word usage differs from the adult category by 
including nonrelevant features. Thus, a child might 
fail to label a hairless monkey with the term monkey 
simply because he or she has the feature [+furry coat] 
in the underlying semantic category for that word. 
Subsequently, when this feature is deleted, the use of 
the term will become more flexible and adultlike.

In summary, over-extension and under-extension 
are linked phenomena, which together shed light on 
the most intriguing question of how children acquire 
the conventional meanings of words in relation to 
their abilities to conceptualize the world, map words 
onto referents, and be aware of the pragmatic inten-
tions of adults.

Esther Dromi
Tel Aviv University
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Over-Generalization	of	
Grammatical	Constructions
An over-generalization of a grammatical construction 
occurs when a child combines a particular construc-
tion and a particular verb to yield an utterance that 
would be considered ungrammatical by adult native 
speakers. Consider, for example, the English subject–
verb–object transitive–causative construction (e.g., 
The man broke the vase). Children occasionally com-
bine this construction with intransitive-only verbs 
such as laugh or disappear to yield over-generalization 
errors such as *The clown laughed the boy (= made 
the boy laugh) or *The magician disappeared the rab-
bit (= made the rabbit disappear), where * denotes an 
ungrammatical utterance. Melissa Bowerman’s diary 
study, in which she recorded errors produced by her 
two daughters, is largely responsible for drawing the 
attention of the field to this phenomenon.

Such errors are known as over-generalization 
errors because they result from the overapplication 
of the same generalization process that children use 
to produce novel utterances (i.e., to say things that 
they have never heard or said before). Suppose, for 
example, that the child hears a verb such as break used 
in both the intransitive construction (e.g., The vase 
broke) and the transitive–causative construction (e.g., 
The man broke the vase). After hearing several more 
pairs of this type (e.g., The ball rolled and The man 
rolled the ball; The door opened and The man opened 
the door), the child will formulate a generalization 
such as the following: If a particular verb can be used 
with the intransitive construction, it may also be used 
with the transitive–causative construction. This gen-
eralization is useful as it allows children to produce 
novel transitive utterances (e.g., The man moved the 
car) with verbs that they have previously heard in only 
intransitive utterances (e.g., The car moved).

Over-generalization errors (e.g., *The clown 
laughed the boy) occur when this process of combin-
ing a particular construction (e.g., the transitive caus-
ative) and a particular verb (e.g., laugh) is applied to 
items that are—for adults—exceptions to the relevant 
generalization. (This can be described as either the 

over-generalization of grammatical constructions [to 
exception verbs], as in the title of this entry, or the 
over-generalization of particular verbs [to exception 
constructions].)

The examples above relate to cases where the tran-
sitive–causative construction is over-generalized to 
intransitive-only verbs. Further types of over-gener-
alization error attested in the child language acquisi-
tion literature (most notably in seminal analyses by 
Melissa Bowerman and Steven Pinker) are as follows.

• In addition to over-generalizing the transi-
tive–causative construction to intransitive-
only verbs (e.g., *The clown laughed the 
boy), children sometimes (though less often) 
make precisely the opposite error: over-
generalizing the intransitive construction to 
transitive-only verbs (e.g., *It lost [= Some-
body lost it]).

• Verbs such as give may appear in both the 
prepositional–object [PO] dative con-
struction (John gave a present to Sue) and 
the double-object [DO] dative construc-
tion (John gave Sue a present). Children 
sometimes over-generalize the DO-dative 
construction to PO-dative-only verbs (e.g., 
*John suggested Sue the trip, cf. John sug-
gested the trip to Sue).

• Verbs such as spray may appear in the fig-
ure–locative construction (e.g., John sprayed 
water onto the flowers) and the ground–loca-
tive construction (e.g., John sprayed the flow-
ers with water). Children sometimes over-
generalize the ground–locative construction 
to figure–locative-only verbs (e.g., *John 
poured the cup with water, cf., John poured 
water into the cup).

• Conversely, children sometimes over-gen-
eralize the figure–locative construction to 
ground–locative-only verbs (e.g., *John filled 
water into the cup, cf., John filled the cup with 
water).

• Morphological over-generalization errors 
(e.g., *throwed, *unsqueeze) are sometimes 
analyzed as involving the over-generalization 
of grammatical constructions at the level of 
individual words (verb+ed; un+verb).

Although little research has addressed this question 
directly, over-generalization errors presumably reflect 
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children’s failure to have learned (1) the adult restric-
tions on particular construction-plus-verb combina-
tions (e.g., that laugh may not appear in the transi-
tive–causative construction) or (2) an alternative 
construction that expresses the child’s desired mean-
ing. For example, in place of an over-generalization 
error such as *The clown laughed the boy, an adult 
would probably use the periphrastic causative “make” 
construction (e.g., The clown made the boy laugh). A 
child who has not yet learned this construction may 
use the most suitable construction in his or her rep-
ertoire, even if this yields an utterance that he or she 
considers less than fully acceptable.

Most research has focused on the processes by 
which children retreat from (or avoid) over-general-
ization errors. There is empirical support, from both 
elicited production and grammaticality-judgment 
studies, for three mechanisms. Entrenchment is a pro-
cess by which each attested use of a particular verb 
(e.g., The boy laughed; Stop laughing at me; The clown 
made the boy laugh) contributes to an ever-strength-
ening probabilistic inference that nonattested uses 
are not permitted. The inference is that, if one has 
encountered, for example, laugh, hundreds or thou-
sands of times, yet never in the transitive–causative 
construction, then it is extremely unlikely that this 
nonoccurrence is a mere coincidence; most likely, it 
reflects a genuine gap in the system. 

Preemption is similar to entrenchment except that 
nonattested uses (e.g., *The clown laughed the boy) are 
blocked not by any occurrence of the relevant verb 
but only by uses in nearly synonymous constructions 
(e.g., The clown made the boy laugh). The assumption 
is that children are learning the preferred form for 
expressing each particular meaning. 

Finally, children become increasingly sensitive to 
any mismatch between the fine-grained meanings of 
individual verbs and individual constructions. For 
example, under this account, the reason that *The 
clown laughed the boy is ungrammatical is that laugh 
denotes a semi-voluntary, internally caused, single-
participant event, while the transitive–causative 
construction prototypically denotes a deliberate, 
externally caused, two-participant event (e.g., The 
man cleaned the clothes). Under the best-known ver-
sion of this account (proposed by Steven Pinker), 
children create semantic classes of verbs with similar 
meanings that share similar constructional restric-
tions (e.g., The boy laughed/giggled/chuckled versus 
*The clown laughed/giggled/chuckled the boy; The ball 

bounced/rolled/slid versus The man bounced/rolled/
slid the ball).

Ben Ambridge
University of Liverpool 
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Over-Regularization	
in	Morphological	
Development
Children sometimes use morphology differently from 
adults, which may lead to over-generalization of mor-
phemes, as has been observed in many children. For 
example, English-speaking children sometimes say, “I 
bringed the book,” adding the common –ed ending to 
the verb bring. Another example is this: “The wom-
ans are in the next room.” Children’s use of “bringed” 
or “womans” has been called over-regularization 
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under the assumptions that –ed is the regular past-
tense morpheme in English and –s is the regular plu-
ral morpheme in English and that children are using 
these forms where adults use irregular forms (like 
brought and women). One reason over-regularizations 
are of interest to researchers is that they provide evi-
dence that children are not parroting what they have 
heard adults say but are learning underlying proper-
ties of how their language functions.

 Researchers have debated whether over-regular-
izations demonstrate that children have access to 
two mechanisms for processing morphology or only 
one. Proponents of the dual mechanism, or words 
and rules model, have argued that regular verbs are 
processed via a rule (e.g., add –ed to verb stem to 
form past tense) and irregular verbs are processed 
via retrieval of memorized forms like whole words 
(e.g., brought). Over-regularizations occur when 
children fail to retrieve a memorized irregular form 
and process irregular verbs as if rules applied. Pro-
ponents of the single mechanism model have argued 
that children learn morphophonological patterns of 
all words. An over-regularization would be an over-
generalization of a learned pattern. For example, an 
English-speaking child may have learned dinged as 
the past tense of ding and kinged as the past tense of 
king and therefore produce “bringed” as a general-
ization of the pattern. The single mechanism model 
further predicts that children should sometimes pro-
duce irregularizations, that is, over-generalizations of 
irregular forms (e.g., “I brang the book” with brang 
resulting from similarities to forms like sang and rang 
and possibly drank).

The dual mechanism model predicts that children’s 
over-regularizations should be infrequent because 
they result from occasional processing errors. Indeed, 
in an analysis of the spontaneous speech of several 
children, G. Marcus and his colleagues found that 
only a small proportion of children’s verb forms were 
examples of over-regularizations of the past tense. 
However, in another study, S. Kuczaj found that the 
percentage of over-regularizations could be as high 
as 36 percent in the spontaneous speech of several 
preschool children. At least part of the reason for the 
different findings is the researchers’ choice of denom-
inator in calculating a rate. At the moment, how to 
characterize the frequency of over-regularizations in 
children’s language use remains an open question.

Irregularizations have been observed among Eng-
lish-speaking children as well, although researchers 

generally agree that they are less common than over-
regularizations. S. Pinker and his colleagues, propo-
nents of the dual mechanism model, have generally 
argued that children’s use of irregularizations is irrel-
evant to their language acquisition because they are 
low in frequency, so they may simply be speech errors. 
Proponents of the single mechanism model have 
argued that over-regularizations are more common 
in English past tense than irregularizations simply 
because adding –ed to the bare verb is the most com-
mon morpheme to mark the past tense.

If the single mechanism model were correct, chil-
dren might initially treat allomorphs as separate mor-
phemes. For example, in English, there are three allo-
morphs of the plural suffix –s: /s/, /z/, and /Iz/. The 
choice of allomorph depends on the final sound of 
the word. Some research has shown that children are 
initially more accurate with the /s/ and /z/ allomorphs 
than the /Iz/ allomorphs, with analogous results for 
past-tense morphemes as well. These results are con-
sistent with a single mechanism model but do not 
challenge a dual mechanism model. The latter makes 
no predictions about allomorphs.

To date, both the dual and the single mechanism 
models can explain much of the data on English-
speaking children’s use of morphology. However, 
English is often described as having impoverished 
morphology. Identifying regular and irregular mor-
phology is relatively straightforward in English. In 
recent years, researchers have tried to test the gener-
alizability of the dual or single mechanism model in 
languages with richer morphology. One immediate 
challenge in morphology-rich languages is identify-
ing which morpheme(s) are regular and which are 
irregular. For example, in German, there are at least 
eight different ways of marking plurality on nouns. 
In Welsh, there are multiple ways of marking plural-
ity on nouns, with some sound changes required in 
feminine forms that are not required for masculine 
forms. Some researchers have used the morpheme 
with the highest-type frequency (i.e., that applies 
to the most different words). G. Marcus and his 
colleagues argued that a regular morpheme can be 
recognized on the basis of 21 characteristics (e.g., 
what is the morpheme that is used with forms that 
are borrowed from other languages). These charac-
teristics have not, as yet, been generally adopted by 
researchers, in part because it is not clear how to cat-
egorize a morpheme if it possesses some but not all 
of these characteristics.
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A few researchers have argued that the dual mecha-
nism model can be extended to languages other than 
English. For example, H. Clahsen posited that –s is the 
regular German plural morpheme, although –en is 
higher in type frequency. He and his colleagues found 
some psycholinguistic evidence consistent with this 
position. Most research since then has shown that Ger-
man-speaking children may over-generalize –e or –en 
but only rarely –s. These results are inconsistent with 
the dual mechanism model.

Most researchers working on languages other than 
English have found that children over-generalize 
many morphemes, not necessarily based simply on 
regularity, but more commonly based on resemblance 
to similar-sounding or similar-meaning language. For 
example, in French, there are several predictable ways 
for forming a past participle, and preschool children 
make over-generalizations of several different forms, 
depending on the phonological similarity to other 
known forms.

Taken together, the results from languages other 
than English suggest that over-regularizations may be 
over-generalizations of known morphophonological 
forms. In other words, over-regularizations show that 
children are discovering patterns in how their lan-
guage sounds and what it means.

Elena Nicoladis
University of Alberta
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Parental	Responsiveness	
and	Scaffolding	of	
Language	Development

Sensitive parenting is foundational to children’s learn-
ing and development. Although definitions vary from 
study to study, a central feature of parental sensitiv-
ity is responsiveness, which refers to parents’ prompt, 
appropriate, and contingent replies to children’s 
exploratory and communicative initiatives.

Responsiveness has been at the foreground of 
research, practice, and policy for two main reasons. 
First, responsiveness is a common characteristic of 
parenting around the world: It represents the uni-
versal, three-term sequence in everyday interac-
tions of child act, parent reply, and effect on child. 
Indeed, parents from cultural communities around 
the globe—ranging from the Cameroon Nso to 
urban professionals in New York City—respond con-
tingently to their infants’ actions, although they are 
often found to vary in how often they respond to 
particular behaviors in infants (for example, crying 
versus play) as well as in the types of responses they 
provide their children. Second, responsiveness sup-
ports the development of multiple skills in children, 
including emotional security, social competence, and 
language. These benefits are not merely epiphenom-
ena of shared genetics between parents and children, 

as interventions that bolster parental responsiveness 
have beneficial effects on children at biological and 
social risk, including those born prematurely or living 
in low-income households.

One of the most studied developmental outcomes 
of parental responsiveness is children’s language 
development. Even before infants begin to use for-
mal words, parental feedback to infant babbling leads 
to sophisticated phonological forms during ongoing 
interactions, whereas parental feedback that is not 
contingent on infant babbling does not. By the second 
year, responsiveness predicts children’s early receptive 
and productive vocabulary sizes, diversity in the ways 
that children communicate with others, the grammat-
ical complexity of children’s speech, and the timing 
of language milestones, such as when in development 
children produce their first words, show a vocabulary 
spurt in productive language, combine words into 
sentences, and use language to express memories. 
Moreover, these patterns of prediction generalize to 
families from different socioeconomic and cultural 
backgrounds. For example, in a study of Mexican 
American, African American, and European Ameri-
can families in Early Head Start, mothers’ respon-
siveness was associated with children’s cognitive and 
language skills at 2 and 3 years of age across groups. 
Similarly, another investigation with a sample of eco-
nomically diverse African American and European 
American mothers and children found that moth-
ers’ responsiveness predicted children’s receptive and 

P



expressive language across race and socioeconomic 
status. Mothers’ responsiveness also predicted cogni-
tive outcomes in a nationally representative sample 
of Latino mothers and their 9-month-olds after con-
trolling for measures of parents’ English proficiency, 
country of origin, mental health, partner relationship, 
and socioeconomic status in statistical analyses.

The influence of responsiveness on language 
also extends to fathers from diverse ethnicities. For 
instance, in an ethnically heterogeneous sample of 
65 low-income fathers and their 2-year-olds, fathers’ 
responsiveness predicted children’s play and commu-
nicative skills as well as children’s cognitive scores on 
the Bayley Scales of Infant Development (which is a 
measure of cognitive status that also taps into infants’ 
language skills at this age). In a larger sample of 290 
culturally diverse families, fathers displayed lev-
els of responsiveness that were comparable to those 
observed in mothers, and fathers’ responsiveness to 
their 2- and 3-year-olds was uniquely associated with 
children’s cognitive and language abilities within and 
across time.

These studies represent only a handful of examples 
from an impressively large and continually expand-
ing body of evidence on the importance of parental 
responsiveness for children’s language skills. As such, 
the purpose of this entry is not to review the many 
documented parent-to-child associations that exist but 
rather to address the question of why parental respon-
siveness might matter for children’s development. In 
particular, we ask: What possible mechanisms might 
explain the predictive validity of parent responsiveness 
for children’s emerging language skills? We propose 
that responsiveness influences children’s language 
development through several pathways. Specifically, 
responsiveness supports language development by:  
(1) fostering secure attachment, (2) supporting chil-
dren’s growing sense of intersubjectivity, (3) helping 
children map words to objects and events of the world 
(termed word-to-world mapping), (4) increasing the 
likelihood that verbal information will be bound to 
visual and perceptual experiences, (5) offering linguis-
tically rich information to children, and (6) feeding 
into the social transactions between child and parent.

Responsiveness	Fosters	Secure	Attachment
Current conceptualizations of responsiveness can be 
traced to the seminal work of Mary Ainsworth and 
colleagues. They discovered through home visits 
and the strange situation that the quality of infants’ 

attachments to their mothers affected infants’ proxim-
ity seeking and exploratory behaviors. Mothers who 
coders rated as sensitive were those who responded 
promptly and appropriately to infants’ signals and, in 
turn, had infants who developed secure and predict-
able bonds to their mothers.

Securely attached children benefit from their 
responsive caregivers in several ways, two of which 
may have direct relevance for children’s language 
acquisition. First, caregivers provide a comfort base 
from which children venture into the world and 
embark on self-discovery and independent explora-
tion. Such children develop a sense of self-efficacy 
and motivation, which they display through persis-
tent, task-directed exploratory styles. The motivation 
to learn about the world may provide an intrinsic 
catalyst for figuring out what words mean in order to 
communicate and share meaning with others. Second, 
secure attachment supports dyadic connectedness 
or mutuality such that secure children compared to 
insecure children are more likely to seek information 
from their primary attachment figures through social 
referencing and social bids. A child might hold up a 
novel object to the parent, in essence asking for the 
name of the object. When the parent responds to this 
gestural request for information, the infant benefits 
from the expertise of the more knowledgeable adult.

Responsiveness	Fosters	Secondary	
Intersubjectivity
The above example of children’s social referencing 
highlights the importance of parental responsive-
ness for children’s emerging sense of intersubjectiv-
ity. Intersubjectivity refers to children’s understand-
ing that meanings can be shared with others and that 
caregiver communications often refer to objects and 
events in the outside world. To share their experi-
ences, children look where adults look, imitate adults’ 
actions, use communicative acts such as pointing and 
gesturing, and in ambiguous situations, seek social 
cues from adults about how to act. Children are able 
to capitalize on adults’ knowledge using these com-
municative behaviors rather than simply relying on 
their own actions to learn about the world. In this 
regard, early forms of dyadic communication between 
infant and parent become increasingly triadic and 
involve sharing attention to objects or events in the 
world. Moreover, infants display gains in intersub-
jectivity somewhere around the end of the first year, 
at precisely the time when they begin to understand 
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and produce their first words. Parents who respond 
to infants’ communicative initiatives further reinforce 
the intersubjective nature of experiences and high-
light their own roles as interpreters of a shared world.

Responsiveness	Eases	the		
Word-to-World	Mapping	Task
To communicate effectively with others, children 
must learn the names of objects, actions, and events 
in their environments, a task that is greatly facilitated 
in the presence of a responsive parent. When par-
ents verbally respond to children’s actions they ease 
the word-to-world mapping task, particularly at the 
earliest periods of language learning. For example, 
if an infant looks at a novel object (rabbit), and the 
parent responds by saying, “Rabbit,” the infant seren-
dipitously receives verbal information at a moment 
when his or her attention is focused on the object 
being named. In essence, parents who respond con-
tingently and appropriately to children’s exploratory 
and communicative initiatives channel children’s 
interpretations of word meanings. Moreover, parents 
who couple their responsive language with gestures or 
other cues to word meaning—such as saying the word 
apple while pointing to the apple—further clarify how 
words map to specific objects or events in the world.

Responsiveness	and	Time	Windows
A fundamental question in cognitive psychology con-
cerns how two separate events come to be integrated 
or experienced as belonging together. This question 
readily applies to the infant’s task of learning new 
words. Specifically, the auditory event or experience 
(the word that is heard) must be linked to the visual 
event or experience (the object or event to which the 
word refers) if an infant is to successfully learn a new 
word. Researcher Carolyn Rovee-Collier proposes the 
notion of a time window to explain how two discrete 
events—in this example, a word and the object to 
which it refers—come to be associated. A time win-
dow refers to a limited period, starting with the onset 
of an event, during which new information will be 
integrated with the memory representation of that 
event. Information that is encountered outside the 
time window will be treated as unique and will not 
be associated with the initial event. This theoretical 
model of learning suggests that temporal features of 
parental responsiveness might support word learning 
due to limitations in infant memory. By definition, 
responsive verbalizations on the part of a parent fall 

within the time window surrounding infant action—
such as looking to the object described above. The 
idea that parents foster learning by responding within 
a time window of infant attention may be particularly 
important during early phases of language develop-
ment when an infant’s knowledge base is just begin-
ning to be established.

Responsive	Language	Is	Rich	Language
Rich language input, namely language that contains 
a variety of nouns, verbs, adjectives, and adverbs, 
predicts vocabulary growth and cognitive skills in 
children. A parent’s diversity of language is typically 
indexed by the variable of word types, which refers 
to the number of different words that are expressed. 
Word types are calculated from verbatim transcrip-
tions of parent or child language through software 
packages developed to analyze language. Studies of 
parental responsiveness indicate that parents’ con-
tingent speech is typically didactic in nature, mean-
ing it contains more word types than nonresponsive 
language. That is, when parents respond to infants’ 
exploratory or communicative overtures, they typi-
cally do so by verbally labeling, describing, or asking 
about objects, events, and activities, thus engaging 
in a form of natural pedagogy. In turn, contingent 
responses function to inform children of the efficacy 
of their communicative bids. In contrast, parents tend 
to use directive or controlling language (also referred 
to as regulatory language) when infants are off task. 
These regulatory commands or directions often con-
tain a high proportion of pronouns and therefore pro-
vide limited benefit for children’s vocabulary growth 
when contrasted with responsive language.

Responsiveness	Is	a	Transactional	Process
Everyday exchanges between children and parents 
are bidirectional: Parents respond to children, and 
children in turn respond to parents. These real-time 
interactions are catalysts for children’s learning and 
development. In this regard, children play an active 
role in their social experiences because a parent can 
only respond to behaviors that are expressed by chil-
dren. Moreover, as children gain new skills, parents 
change in the responses they provide as well as the 
actions to which they respond. For example, research 
on developmental changes in parental responsiveness 
indicates that parents use simple labels and descrip-
tions in response to the vocalizations of their 1-year-
olds but increase in their responsive questions as 
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children become more skilled at language (and there-
fore more able to reply to the questions of their par-
ents). Parents are also more likely to respond to words 
or phrases that are just appearing in their children’s 
vocabularies (new words) than to words that children 
have been saying for a while. In this regard, parents up 
the ante by responsively scaffolding emerging skills in 
their children. The term scaffolding refers to behav-
iors on the part of parents that encourage children 
to function at a developmental level that is slightly 
more advanced than children would otherwise exhibit 
without such parental support.

Conclusion
Scholars have long acknowledged the vital role of 
parental responsiveness for children’s development. 
This body of literature has consistently shown that 
responsiveness benefits children across a range of 
skills, including language; that the importance of 
parental responsiveness generalizes to families from 
different socioeconomic backgrounds and cultural 
communities; and that interventions that target par-
ents’ responsiveness promote the learning and devel-
opment of children who are at biological or social risk.

This entry proposed various explanations for the 
beneficial effects of responsiveness on children’s lan-
guage development. These explanations point to both 
direct and indirect pathways from responsiveness to 
children’s emerging skills in the first years of life. In 
terms of indirect paths, responsiveness functions to 
foster secure attachment and a growing appreciation of 
intersubjectivity in young children, both of which result 
in children exploring their worlds and seeking infor-
mation from more knowledgeable caregivers. In terms 
of direct paths, responsiveness eases the word-to-world 
mapping task for children as well as the likelihood that 
words will be bound to perceptual experiences due to 
their temporal proximity. Responsiveness also directly 
promotes vocabulary growth as responsive language is 
richer in lexical content than nonresponsive language. 
Finally, responsiveness is a part of a reciprocal feedback 
loop between children and parents. As parents respond 
to children’s actions, they provide further information 
to children, who in turn advance in their language skills 
and aquire broader knowledge about the world. 

Catherine S. Tamis-LeMonda
Lisa Baumwell
Yana Kuchirko

New York University
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Parsing/Sentence	Processing
Sentence processing, also called parsing, refers to the 
moment-by-moment analysis of the speech signal 
involved in language comprehension. Consider the 
processes involved in comprehending a sentence. The 
listener must first identify regularities and structure in 
the speech stream to identify words (e.g., phonemes 
and syllables), which must then be used to build a 
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syntactic and semantic analysis. The sentence must 
also be analyzed for its pragmatic intention as mean-
ing is often nonliteral. Other cues, such as prosody, 
will also influence interpretation.

When deconstructed in this manner, sentence pro-
cessing is a complicated, nontrivial process, a cogni-
tive feat made more remarkable by the fact that, as 
adults, individuals tend to process language so effort-
lessly. However, what about children who are still 
learning their native language? Analyzing speech cru-
cially depends on accessing knowledge of one’s native 
language, yet children are still acquiring this knowl-
edge. Other cognitive systems likely to affect process-
ing, such as short-term and working memory, are 
still developing, which means that children may have 
fewer resources to devote to processing.

These facets of development complicate the study 
of the development of sentence processing and are a 
large part of the reason why most sentence processing 
research is conducted with adult speakers. However, 
sentence processing is essential to successful language 
acquisition: Children must successfully process input 
in order to learn from it. Therefore a thorough under-
standing of the development of sentence processing 
is vital to the understanding of language acquisition.

Methods	for	Studying	Sentence	Processing
Until around 15 years ago, the study of sentence pro-
cessing was largely the domain of adult psycholinguis-
tics. There are several reasons for this, the most obvious 
one being methodological. The majority of sentence 
processing studies involve measuring response times 
during reading. Two methods are most commonly 
used. In self-paced reading, participants press a button 
to reveal the next word in a sentence, and their response 
times are recorded. In eye-tracking while reading stud-
ies, participants’ eye movements are recorded as they 
read text. These techniques are not suitable for study-
ing sentence processing in children for a number of 
reasons. First, the tasks require reading, yet many chil-
dren do not read fluently until they are well into middle 
elementary school (at least). Second, they sometimes 
require overt behavioral responses (e.g., pressing a but-
ton in response to the appearance of a word), which 
young children typically find difficult to execute effi-
ciently enough to yield reliable reaction time data.

Early studies of children’s sentence processing used 
techniques that overcame the first of these problems 
by presenting sentences to children auditorily, but 
they still required overt behavioral responses (i.e., 

button pressing). One of these techniques is the self-
paced listening technique, an auditory analogue of 
the self-paced reading technique used with adults. 
In the task, children press a response button to lis-
ten to a word or phrase and press the button again to 
reveal the next word or phrase until the full sentence 
is heard. The dependent measure is the time between 
button presses, which provides an estimate of com-
plexity at points of interest throughout the sentence. 
For instance, many studies of sentence processing in 
both children and adults have investigated the pro-
cessing of syntactic ambiguities. Consider sentences 
(1) and (2):

(1) The girl hit the boy with the baseball bat.
(2) The girl hit the boy with the blonde hair.

Both (1) and (2) contain ambiguity of preposi-
tional phrase (PP) attachment, where the PPs (with 
the baseball bat and with the blonde hair) can modify 
either the verb (hit) or object noun (the boy). For 
instance, possible paraphrases for (1) are the girl used 
the baseball bat to hit the boy (verb modification) 
and the girl hit the boy who was holding the baseball 
bat (object noun modification). Thus, the sentences 
are syntactically ambiguous (i.e., allow two poten-
tial interpretations); yet, when they contain action 
verbs like hit, there is a preference to resolve them 
by applying the verb modification analysis (com-
pare to the girl saw the boy with the baseball bat). 
Sentence-processing studies exploit this expectation 
by comparing the response times at critical points in 
sentences across sentence pairs that differ on a cru-
cial dimension. In the case of sentences (1) and (2), 
this is the likelihood that the ambiguous PP modifies 
the verb or the object noun. In self-paced listening 
experiments, this amounts to comparing how long 
it takes a participant to listen to with the baseball bat 
(highly predictable) versus with the blonde hair (less 
predictable).

Self-paced listening is a good technique because it 
is similar to self-paced reading, making comparisons 
across child and adult experiments possible. However, 
the technique still requires children to provide an 
overt behavioral response, which means that it is not 
suitable for children younger than about 6 years. This 
is problematic because children acquire so much of 
their native language before this age, a problem that 
has been overcome with the advent of eye-tracking 
methodologies.
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Eye-tracking studies of children’s sentence process-
ing measure where children are looking as they hear 
sentences. The technique is based on the fact that lan-
guage guides our attention, such that we are likely to 
look at referents the moment we hear them referred to 
in language and sometimes even before we hear them. 
For instance, if shown a picture that contains both 
a red and a blue balloon, we are likely to direct our 
attention to the red balloon upon hearing the girl will 
take the red. A big advantage of eye-tracking research 
is that it does not require children to make any overt 
behavioral response besides looking. Therefore, the 
technique can be used with very young children, even 
with infants who are not yet producing many words. 
As children typically understand more than they say, 
this means that we can study how children process 
language from the very beginning of acquisition.

One final technique that has been used in studies of 
children’s sentence processing is event-related poten-
tials (ERPs), a neuroimaging technique that records 
brain activity on the surface of the scalp in response 
to linguistic stimuli. Like eye-tracking, ERPs do not 
require children to make overt behavioral responses. 
However, the technique typically records neural 
responses that index surprisal in response to syntac-
tically or semantically anomalous sentences (e.g., the 
boy walk to school and the pen walks to school). There-
fore, its ability to reveal information about children’s 
processing of the language they typically hear is lim-
ited. Other neuroimaging techniques, such as mag-
netoencephalography (MEG), have the potential to 
reveal crucial new insights into the development of 
sentence processing, but few studies cur-
rently report on the use of the technique 
with children.

Theories
Traditionally, theories of sentence pro-
cessing have been based on research with 
adult participants and so have not been 
overly concerned with how the processing 
system develops. However, one argument 
for the importance of this topic is that an 
explanatory theory of sentence process-
ing should extend to development. As 
such, developmental research on sentence 
processing can act as an important testing 
ground for theories of adult parsing.

There are two major theoretical 
approaches to sentence processing, which 

differ largely on predictions regarding the timing of 
the use of different sources of linguistic information 
during the comprehension process. Although it is 
rarely pointed out, these divisions partially map onto 
similar theoretical distinctions in the field of language 
acquisition.

Syntax-first models of processing assume that syn-
tactic processing takes precedence over the process-
ing of other forms of information (e.g., semantics or 
pragmatics). These two-stage models of processing 
argue that listeners initially build a purely syntactic 
analysis of a sentence during the first stage of process-
ing and only later integrate nonsyntactic informa-
tion into their parse of the sentence. A problem that 
syntax-first models face is that sentences often con-
tain structural ambiguities; therefore, it is impossible 
to build the structure of a sentence using grammati-
cal rules alone. Consider sentences (1) and (2), where 
the ambiguous PP can modify either the verb or the 
object noun phrase. A processing system that initially 
relies purely on syntactic information must have a 
way to deal with these ambiguities without using 
other potentially informative nonsyntactic sources of 
information (e.g., semantics). Syntax-first approaches 
overcome this problem by postulating processing 
heuristics that preference one syntactic option over 
the other. Typically, these heuristics follow the general 
rule of thumb: Build the least complicated analysis. 
Consider how this plays out for sentence (1).

In (1) NP stands for noun phrase and VP stands 
for verb phrase. The least-complex analysis is the PP 
modifies the verb, thereby attaching the PP to the VP. 
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       hit           the boy      
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Figure	1   Structure tree
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Therefore, syntax-first models typically predict that 
verb-modifier analysis of (1). If this initial analysis is 
incorrect (as in sentence [2]), the sentence must be 
reanalyzed using additional sources of information 
(e.g., semantics) during the second stage of processing.

An important question from the perspective of lan-
guage acquisition is this: If children are acquiring lan-
guage, how do they come to parse language in a syn-
tax-first manner? Supporters of syntax-first theories 
typically align themselves with nativist approaches 
to syntactic development, assuming knowledge of 
syntax is innately specified in the form of universal 
grammar (UG). By extension, parsing heuristics are 
also assumed to be innate.

The alternative to syntax-first models is to assume 
that syntax is only one potential cue to interpreta-
tion, such that, when we process language, we inte-
grate multiple cues to interpretation (e.g., syntactic, 
semantic, and pragmatic) in one stage. These inter-
active models of processing are often referred to as 
multiple cues or multiple constraints approaches to 
sentence processing. How might we process sentences 
using multiple cues? Let’s use sentence (1) again, and 
compare this time to sentence (3):

(1) The girl hit the boy with the baseball bat.
(3) The girl saw the boy with the baseball bat.

Sentences (1) and (3) differ on only one dimen-
sion—verb semantics. Sentence (1) contains the 
action verb hit, whereas sentence (3) contains the per-
ception verb see. Action verbs like hit typically require 
(or imply) instruments, whereas perception verbs 
typically do not. The multiple constraints approach 
predicts that this semantic constraint influences 
interpretation, such that we are more likely to expect 
a verb-modifier (i.e., instrument) analysis of the PP in 
(1) but is less likely to do so for (3). Thus, they predict 
that syntactic and nonsyntactic information interact 
during one stage of sentence processing.

An important feature of interactive models of 
sentence processing is that they also predict that fre-
quency information plays an important role in sen-
tence processing, such that the frequency with which 
a particular interpretation has been pursued in the 
past predicts the likelihood that it will be pursued in 
the future. In the context of (1) and (3), the multiple 
constraints approach predicts that the frequency with 
which a particular verb (or verb category) is associ-
ated with a particular interpretation of ambiguous 

V–NP–PP sentences (verb modifier or object noun 
modifier) guides future interpretations in concert 
with other potential cues to interpretation (e.g., con-
text). This probabilistic knowledge must be acquired 
through experience. In this sense, the multiple con-
straints approach to sentence processing is aligned 
with learning-based approaches to language acquisi-
tion, where it is claimed that children acquire gram-
matical knowledge instead of setting grammars from 
options provided by UG.

Empirical	Results
We are still some way off from fully understanding the 
development of sentence processing. However, recent 
progress has been made, which allows us to sketch 
an outline of how this skill develops. The emerging 
picture is one where children are remarkably sophis-
ticated in some instances and considerably nonadult-
like in others. 

With respect to the former, very young children 
appear to be adept at processing simple sentences, 
and their processing speed is predictive of their sub-
sequent language acquisition. From the ages of 15 to 
24 months, children make rapid gains in their abil-
ity to access words from their lexicon. By around 2 
years, they are capable of predicting the upcoming 
content of language. For instance, in eye-tracking 
while listening studies, infants restrict their attention 
to drinkable substances upon hearing a segment such 
as drink the, as revealed by greater looks to a picture 
of juice in comparison to a picture of a nondrinkable 
object, such as a toy. This skill appears to be related 
to their vocabulary knowledge (i.e., vocabulary size 
predicts their speed of processing) and not their age. 
Furthermore, it appears that those children who can 
rapidly access words and interpret sentences online 
also acquire language knowledge at a more rapid rate. 
This result makes sense: If children can rapidly access 
words and integrate them into a sentence, then they 
have more time to learn words that occur later in a 
sentence.

Many studies in adult research use temporarily 
(e.g., sentences 1–3) or fully ambiguous sentences to 
study sentence processing. How do children process 
these sentence types? Do they process these sentences 
in a different manner than adults? Which theory best 
predicts the pattern of data?

The emerging picture is that children appear to be 
sensitive to some cues to interpretation but not oth-
ers. In one classic eye-tracking while listening study, 
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5-year-old children heard sentences like (4) and were 
asked to act them out.

(4) Put the frog on the napkin into the box.

The children were presented with visual scenes like 
Figure 1a and 1b. In Figure 1a, there are two frogs, one 
on a napkin and one not on a napkin, an empty nap-
kin, and a box. This is called the two-referent context 
because there are two frogs. Figure 1b shows the cor-
responding one-referent context, where there is only 
one frog. The two-referent context provides referen-
tial support for a correct analysis of the sentence: The 
PP on the napkin is temporarily ambiguous between 
a correct noun modifier interpretation (i.e., the frog 
that is on the napkin) and an incorrect verb modi-
fier destination interpretation (i.e., Put the frog on the 
napkin). For adults, the presence of two frogs in the 
two-referent context makes the noun-modifier analy-
sis more likely because they see the two frogs as a set 
of entities about which the PP on the napkin serves to 
provide additional information. In contrast, the one-
referent context does not provide this contextual cue 
and therefore often leads to confusion where adults 
initially interpret on the napkin as a destination for the 
frog. Five-year-old children typically show a different 
pattern than the adults, consistently interpreting the 
PP on the napkin as a destination, regardless of the 
additional contextual support provided in the two-
referent context. There was one other striking result: 
Unlike the adults, the children were rarely able to cor-
rect this initially (incorrect) interpretation. That is, 
they were unable to revise their initial analysis.

Because the children consistently made verb-mod-
ifier interpretations of on the napkin, the results could 
be interpreted to be consistent with syntax-first theo-
ries. However, they are also consistent with multiple 

constraints theories because put always requires a 
location (i.e., destination) to be specified. Subsequent 
studies investigated whether different verb types 
resulted in different interpretations, comparing chil-
dren’s interpretations to sentences like (5) and (6).

(5) Tickle the frog with the fan.
(6) Choose the frog with the fan.

Tickle and choose differ in their statistical ten-
dencies to occur with an instrument; with the fan 
in sentence (5) is more likely to be interpreted as a 
verb modifier (i.e., using the fan to tickle), whereas in  
(6) it is more likely to be interpreted as an object noun 
modifier (i.e., choosing the frog that is holding the 
fan). These studies have shown that children as young 
as 5 years interpret ambiguous sentences like (5) and 
(6) according to the individual bias of the verb. This 
is consistent with the multiple constraints approach 
to processing, suggesting that, like adults, children use 
verb information to immediately constrain sentence 
interpretation. This is inconsistent with syntax-first 
approaches, which predict that ambiguous PPs in 
sentences like (5) and (6) will always be interpreted as 
verb modifiers.

The prevailing picture in child sentence-processing 
research is that children are sensitive to many of the 
same constraints to which adults are also sensitive 
but that they differ from adults on some important 
dimensions. For instance, one early developing skill 
seems to be that children soon learn that individual 
verbs tend to occur with specific types of objects or 
instruments. However, other features of sentence pro-
cessing, such as the ability to incorporate nonlinguis-
tic referential information to interpret a sentence and 
the ability to revise incorrect interpretations, do not 
appear to develop until quite late (around age 8 years 
or older). This suggests that children take some time 
to develop an adultlike sentence-processing system. 
Future research is required to investigate development 
during this middle childhood period, when children’s 
processing systems gradually become more adultlike. 

Evan Kidd
Australian National University
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Pediatric	Audiology
Any degree of hearing loss in infancy and childhood 
can have a developmental impact—particularly on 
child language. Early identification of hearing loss in 
infants is essential to initiating timely intervention and 
reducing its impact on speech and language develop-
ment. Exposure to consistent, meaningful sounds dur-
ing the first few years of life is required for auditory 
neural pathways in the brain to develop. Consider that 
infants with significant hearing loss have already failed 
to perceive about 20 weeks of auditory input in utero—
input that contributes to the development of the audi-
tory pathways before birth. Once born, auditory input 
remains unavailable until hearing loss is diagnosed and 
intervention is implemented. Those neural pathways 
that are not stimulated are pruned (reduced in num-
ber), and the neural branches are reassigned to support 
other available senses (e.g., vision). This “reorganiza-
tion” makes it increasingly difficult over time for the 
brain to process auditory information. Therefore, it is 
essential that infants with hearing loss are identified 

and provided intervention as early as possible to pro-
mote auditory neural pathway development. 

Hearing requires the coordinated effort of mul-
tiple structures within the auditory system. Dam-
age to any of these structures or their functions can 
result in hearing loss. The structures of the auditory 
system can be considered as three main components: 
the outer, middle, and inner ears. The outer ear func-
tions to collect and transmit sound to the middle ear. 
The acoustic energy from sound waves is converted to 
mechanical energy as the eardrum sets the bones of 
the middle ear in motion. The middle ear conducts 
mechanical energy to the inner ear, which ultimately 
stimulates the sensory receptors of the auditory 
nerve, brainstem, and the auditory structures within 
the brain. Each component of the ear has a distinct 
embryonic history that can be associated with dif-
ferent kinds of hearing loss if development is inter-
rupted. During gestation, the auditory system begins 
to develop during the third week, becomes well dif-
ferentiated by 9 weeks, and is thought to be functional 
by around 22 weeks. Approximately half of the cases 
of hearing loss in infants are from known causes. Of 
these, about 40 percent are from confirmed genetic 
causes. Genetic factors are thought to underlie many 
of the currently unknown causes of infant hearing 
loss as well. The remainder of known causes of hear-
ing loss in infants results from multiple factors. For 
example, development of the inner ear can be affected 
by pre-natal exposure to viruses, bacteria, and drugs.

For many aspects of auditory development, from 
basic sensitivity (detection of sound) to complex 
activities such as speech perception, it is agreed that 
refinement of the auditory pathways above the level of 
the inner ear has a time course extending for months 
and even years after birth. Newborn infants are much 
less sensitive to sounds than adults, but typical new-
borns can hear sounds in the intensity range of nor-
mal conversational speech. It is cause for concern if 
a newborn infant does not seem to hear sounds of 
moderate intensity, and the goal of newborn hear-
ing screening programs is to identify those infants. 
Post-natal development of auditory sensitivity can 
be characterized by two general trends. First, the pace 
of development is quite rapid during the first 6 to 9 
months after birth, by which time adultlike sensi-
tivity is approached for middle- to high-frequency 
sounds (frequency refers to how fast a sound wave 
moves and the perceptual correlate is pitch). Second, 
the rate of development is faster for high-frequency 
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sounds than for low frequencies. In fact, behavioral 
measures suggest adult-like sensitivity is not achieved 
for low frequency sounds until about 4 to 6 years of 
age. The developmental pattern apparent in the audi-
tory behaviors of children is complicated somewhat 
by observations of relatively mature peripheral audi-
tory system function as measured from the cochlea 
and brainstem. That is, physiologic measures of hear-
ing in infants suggest better hearing than behavioral 
observations of infant responses to sound. Numerous 
reasons have been suggested to explain these differ-
ences between physiologic and behavioral assess-
ment, including infant attention and motivation to 
respond to sounds, increased variability in the neu-
ral representation of auditory stimuli, and high levels 
of self-generated acoustical noise. For these reasons, 
it is important that pediatric auditory assessments 
include physiologic measures from the cochlea (inner 
ear) and brainstem in addition to observing behav-
ioral responses to sound.

Identifying	Hearing	Loss
Identification of hearing loss is possible in newborn 
infants using physiologic tests of hearing—tests that do 
not require an infant to respond behaviorally to sound. 
Nearly 98 percent of newborn infants are screened 
for hearing loss prior to leaving the birthing hospital 
or in the early newborn period. Pediatric audiolo-
gists are responsible for implementing newborn hear-
ing screening programs and thoroughly assessing the 
hearing of those infants who do not pass screenings. 
Screening and assessment of hearing loss in infancy 
is accomplished using technologies that measure the 
function of the cochlea and the brainstem’s response 
to sound. These technologies make it possible to 
accomplish a full assessment of hearing in infancy with 
accurate results. When hearing loss is identified, audi-
ologists select the most appropriate type of hearing 
technology for a child based on degree of hearing loss, 
age, and listening needs. These choices include hearing 
aids, frequency-modulated (FM) systems, and cochlear 
implants. These technologies can provide the develop-
ing brain with access to meaningful sound. 

Hearing assessment establishes the severity of loss 
across a range of frequencies and is quantified on a 
scale that ranges from mild to profound. To illustrate 
the perceptual consequences of hearing loss, a mild 
loss results in a muffling of speech and other environ-
mental sounds whereas a profound loss would ren-
der speech and most environmental sounds inaudible 

without hearing technology. Furthermore, hearing 
loss can occur differentially across frequencies. The 
resulting impairment in audibility, and consequent 
impact on speech and language development, is 
somewhat predictable considering the frequency of 
various speech sounds. For example, one might have 
normal hearing for low and middle frequencies but 
significant hearing loss for high frequencies. A child 
with such a hearing loss would be able to hear low- 
and midfrequency vowels clearly but unable to hear, 
and perhaps not produce, high-frequency consonant 
sounds of speech without amplification. High-fre-
quency consonant sounds (such as /s/) are important 
morphological markers that denote possession (e.g., 
“mommy’s shoes”) and plurality (e.g., “dogs”) and 
could be impacted in this example. 

Permanent	Hearing	Loss
The prevalence of permanent hearing loss with onset in 
gestation or infancy in European and North American 
countries is about 1 to 6 per 1,000, with the lower num-
ber referring to more severe degrees of bilateral loss. In 
addition to these permanent losses, many infants and 
young children experience transient hearing loss as a 
result of otitis media, or ear infections, a condition in 
which there is inflammation and possibly fluid buildup 
in the middle ear typically associated with bacterial or 
viral infection. The degree of hearing loss secondary to 
otitis media is variable but is typically mild, resulting 
in speech being heard at softer-than-normal levels. Evi-
dence for long-term consequences of otitis media for 
hearing and language development does not suggest a 
strong linkage. However, studies suggest that some chil-
dren who have numerous bouts of ear infections dur-
ing the first few years of life have attention problems 
and impaired narrative skills later in childhood even 
after the hearing loss has resolved. It is believed that 
narrative language deficits are the result of inconsistent 
auditory input that leads to poor attention to language. 
Of course, poor attention to language would be par-
ticularly problematic in an educational setting. More 
research is needed to confirm this association between 
otitis media and later attention and language deficits.

Babies who have permanent hearing loss that is 
identified in the first weeks of life and who begin 
using amplification early (prior to 6 months of age) 
have a good chance of being able to develop the neu-
ral connections in their auditory brain pathways that 
are necessary to lay the foundation for spoken lan-
guage development. Language development requires 
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exposure to the specific sound system of one’s lin-
guistic environment. The later hearing loss is iden-
tified and managed in childhood, the less likely that 
language development will follow a typical growth 
trajectory. The best predictors of verbal language skill 
development are the child’s age when full-time use of 
appropriate hearing technology begins, the severity 
of the child’s hearing loss, and the amount of his/her 
exposure to meaningful listening experiences. 

Technology	and	Communication	Modalities
With current technology, such as hearing aids and 
cochlear implants, and under ideal rehabilitative cir-
cumstances, it is possible for young children with 
hearing loss to have access to auditory information 
and develop spoken language skills that approach 
those of normal hearing peers. However, even under 
optimal circumstances, children with profound hear-
ing loss are not likely to have access to sound to the 
degree that they make all phonemic discriminations 
needed for typical speech reception and produc-
tion (e.g., “pat” versus “bat”). A consequence of this 
reduced audibility is reflected in spoken language 
output—in other words, it is difficult to say what you 
cannot hear. For example, reduced audibility restricts 
access to important phonemes in English, resulting in 
delays in expressive phonological development often 
exhibited by children with severe-to-profound hearing 
loss. These deficits typically include fewer multisyl-
labic utterances with consonants, like the word “little.” 

Prelinguistic communication is the only means of 
signaling early intentionality, regardless of hearing sta-
tus, and begins in the first year of life. This prelinguis-
tic communication is an indicator of current linguistic 
and cognitive development and serves as a predictor 
of later language competence. The earliest gestures 
emerge between 7 and 9 months of age (e.g., waving 
“bye bye,” or raising both arms to be picked up). 

Spoken language development appears to depend 
heavily on acquisition of the phonemic elements of 
a language prior to 12 months of age. This requires 
exposure to language for most of a child’s waking 
hours from birth. The consequences of failing to 
establish a pattern of consistent hearing aid use as 
early as possible in a child’s life can have a negative 
impact on later language outcomes. These effects can 
be seen as early as 2 years of age. If hearing aids are 
not adequate to provide auditory access to speech, 
cochlear implants might be an option for children 
with severe-to-profound hearing loss.

Multiple linguistic systems are available to be used 
by children with hearing loss. These modalities are 
broadly distinguished into three main categories:  
(1) an oral approach, or the use of spoken language; 
(2) a manual approach, or the use of sign language; 
and (3) a total communication approach, or a com-
bined use of speech and signs. Most families with 
children who have mild-to-moderate hearing losses 
choose to use spoken language as most speech and 
environmental sounds can be accessed through the 
use of hearing aids. However, the consequences of 
severe-to-profound hearing loss on speech and lan-
guage can be more striking. Therefore, families of 
children with severe-to-profound hearing loss are 
faced early on with making a decision about which 
communication modality to use for teaching lan-
guage to their child. This decision can be complicated 
by the fact that approximately 95 percent of all chil-
dren with congenital hearing loss are born into fami-
lies that use spoken language to communicate. Fami-
lies with strong connections to deaf culture are apt to 
use American Sign Language and will likely introduce 
this manual language to their child. 

Several factors need to be considered when decid-
ing which communication modality to use with a 
child who has hearing loss in addition to the severity 
of the hearing loss. One important consideration is 
the family’s communication preference. In addition, 
consideration should be given to the child’s capacity 
to develop a particular language. Approximately 40 to 
60 percent of children with hearing loss have an addi-
tional disability, some of which could preclude gain-
ing proficiency with some communication modalities. 
Another consideration is the availability of interven-
tions designed to support development of a given 
language modality. Although hearing loss is the most 
prevalent developmental disability present at birth, 
it remains a low-incidence disability. As such, not all 
regions have programs that offer intervention options 
for all language modalities. Ultimately, a family is not 
tied to any modality and may change among them as 
the needs of the child and family shift. Regardless of 
which communication modality a family chooses to 
use with their child, the goal is to facilitate the devel-
opment of a fluent communication system. 

Conclusion
In summary, it is generally the case that the more sig-
nificant the degree of childhood hearing loss, and the 
later it is diagnosed and treated, the more negative 
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impact there will be on spoken language development. 
However, even minimal degrees of bilateral hearing 
loss and unilateral hearing loss have been shown to 
result in listening deficits that put children at risk for 
academic problems. Early identification of hearing 
loss and initiation of intervention, the responsibilities 
of pediatric audiologists, can ultimately result in opti-
mal language outcomes for children with hearing loss. 

Anne Marie Tharpe
Vanderbilt University School of Medicine

Heather Porter
University of North Carolina at Chapel Hill
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Perseveration	and	Speech	
Errors	in	Child	Language	
Production
Errors occur in natural speech throughout the life 
span. Some of these errors are phonological in nature 

and most often involve interference between two words 
that are uttered in close proximity. Native speakers 
are most aware of exchanges (spoonerisms) in which 
two sounds are reversed, and each is produced in the 
wrong word, for example, the child error bolar pairs 
for polar bears. However, other types of errors occur 
as well. In anticipations, one sound is produced both 
in the correct location and in an earlier word, for 
example, the child error fillow fight for pillow fight. In 
perseverations, one sound is produced both in the cor-
rect location and in a later word, for example, the child 
error take Tarah for take Sarah. Such errors occur as 
early in life as seems possible, but the distribution of 
exchanges versus anticipations versus perseverations 
appears to start differently from the distribution in 
adults and becomes adultlike by 4 or 5 years of age.

Perseverations result when a sound produced in a 
word remains too active and replaces a later (usually 
similar) sound. Anticipations result when a sound 
being planned for a later word becomes too active 
and replaces a sound in an earlier word that is being 
planned at the same time; anticipations are only pos-
sible if planning resources are sufficient to plan more 
than one word at a time to such a degree that inter-
ference can occur. Exchanges share this characteristic 
with anticipations, but the unused sound from the 
first word additionally appears in the second word. G. 
S. Dell and colleagues have argued that skilled adult 
systems suppress perseveration and are more prone to 
anticipations and exchanges but that perseverations 
predominate in less skilled systems, both early in devel-
opment and in adults after damage to language areas of 
the brain. They suggest that processing is prone to per-
severation (i.e., when a state arises in the brain, it tends 
to maintain itself) and that the mechanisms (such as a 
refractory period) that are developed to make perse-
veration less likely are damaged in aphasia.

The earliest between-word phonological speech 
errors are perseverations that occur near the end of 
the single-word-utterance period, at which time a 
child may produce vertical sentences, with several 
words produced in a series of single-word utterances 
that appear to be part of a single proposition. For 
example, observing a cat in a pothole on the road, the 
child attempted to say, “Cat. Hole.” as two single-word 
utterances but perseverated the initial consonant of 
cat and then corrected the mispronunciation: “Cat. 
Cole. Hole.” While such errors make up 1 to 2 percent 
of errors in adult corpora, they constitute 100 per-
cent of between-word errors during this early period. 
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These perseveratory errors were originally noted for 
natural speech and then reported for a picture-nam-
ing task in a laboratory setting.

When the child begins producing sentences with 
two or more words, the majority of errors involve two 
words in the same sentence. J. P. Stemberger reported 
elevated rates of perseveratory errors in nontape-
recorded speech for two English-speaking children 
(45 percent, as compared to 33 percent in adult 
speech), dropping to adult levels after age 4. F. Wijnen 
reported a similar figure for a Dutch-speaking child 
in tape-recorded speech (but suggested on the basis 
of a small tape-recorded corpus with only 20 relevant 
errors that perhaps adult English speakers also perse-
verate at that same higher rate). J. J. Jaeger reported 
an elevated rate of perseveration below age 2, but 
suggested that anticipations predominate thereafter; 
however, she did not distinguish between errors in 
which the two interacting consonants are in different 
words versus within the same word (see below).

The percentage of perseveration errors reflects the 
relative strength of the tendency to perseverate ver-
sus the degree of planning for upcoming words (or 
sounds). During the one-word stage, planning of 
upcoming words may be weak at best, so all observed 
between-word errors are perseveratory. In utterances 
with several words, there is some co-planning, which 
increases with age, leading to an early period with ele-
vated rates of perseveration giving way to later peri-
ods (by age 4 or 5) where anticipations predominate.

There is, however, another phenomenon in early 
child speech where anticipations predominate: sys-
tematic sound errors involving the assimilation of one 
consonant to another in the same word, known as con-
sonant harmony; for example, dog (gag). M. Vihman 
reported that children across a variety of languages 
anticipate sounds in consonant harmony about twice 
as often as they perseverate them. This appears to con-
flict with the child’s tendency to perseverate, but the 
two observations are actually quite compatible. The 
co-planning of upcoming sounds in the same word 
is potentially much greater than the co-planning of 
upcoming sounds in later words, which would lead to 
more anticipations when two sounds are in the same 
word than when they are in different words. J. P. Stem-
berger has more recently reported on speech errors 
where the two sounds are within the same word and 
reported that 60 percent of the errors are anticipa-
tions, which is quite similar to what has been reported 
for systematic consonant harmony. (The opposite 

tendencies in between-word and within-word errors 
arguably led to J. J. Jaeger’s failure to find an elevated 
rate of perseveration after age 2, when the two types 
of error are pooled together.)

J. P. Stemberger has also explored a consequence of 
the mechanisms that prevent perseveration. If the sys-
tem prevents perseveration of /b/ by making it more 
difficult to use /b/ again during a certain period, it 
should damage tokens of /b/ that legitimately should 
be produced as part of a later word (such as the sec-
ond /b/ in the phrase big boxes). Error rates are ele-
vated on the second token of a sound, being subject to 
about double the error rate. Children also show this 
effect but at about half the magnitude of the adult 
effect (and the effect is based on the child’s actual sys-
tematic pronunciations, not on the adult target pro-
nunciation), suggesting that they have a mechanism 
to prevent perseveration but that it is not as effective 
as in adult speech.

Joseph Paul Stemberger
University of British Columbia
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Perspective	Taking	in	
Communication
Understanding others’ perspectives is an essential 
skill on which human social interaction and language 
is based, and it is through experience in interaction 
that increasingly complex forms of perspective tak-
ing develop. Human forms of intentional communi-
cation involve learning how others tend to respond 
to our actions and words, as George Herbert Mead 
argued. A form of perspective taking in this sense of 
being aware of others’ attitudes toward one’s actions 
is involved in communicating and learning a lan-
guage. Through experience in early forms of com-
munication, infants learn to take others’ perspectives, 
and such perspective taking makes more complex 
forms of communication possible. Once a language is 
learned, children can engage in further forms of per-
spective taking in more complicated social situations, 
such as understanding how to adapt one’s utterance to 
others’ knowledge. The ability to understand others’ 
perspectives is important in overcoming misunder-
standings in social interaction and communication. 
Research on the development of perspective taking 
has largely been inspired by the work of Jean Piaget, 
through extending his research on visual–spatial per-
spective taking to social perspective taking. Research-
ers designed many tasks to assess perspective taking in 
social situations of varying complexity in attempts to 
determine the age at which this skill develops. How-
ever, it appears that multiple forms of perspective tak-
ing emerge at all levels of development.

Piaget’s	Approach
Piaget’s approach to perspective taking follows from 
his view of knowledge and development. He argued 
against what he called a copy theory of knowledge, 
according to which knowledge consists of acquiring 
an image or representation that matches reality (a 
view now known as a representational theory). This 
view is flawed, he argued, because rather than explain-
ing knowledge, it presupposes knowledge in order to 
form the copy. The problem is that copies or repre-
sentations can never be checked for accuracy because 
they can only be compared to other representations, 
never to reality. Instead, Piaget argued that knowl-
edge does not preexist in the world or in the child but 
rather develops through children learning what they 
can do in interaction with the world—learning the 

interactive potential of various aspects of the world, 
including other people. Infants’ experiences are first 
in terms of their own actions and bodies, not yet hav-
ing differentiated their selves, others, or the world. 
Piaget referred to infants’ initial lack of understand-
ing that they and others have perspectives as egocen-
trism. This term was often misunderstood, however, 
as meaning self-centered or egotistical, so Piaget later 
used the term centration, that is, a focus on one’s own 
perspective. An infant cannot be self-centered in the 
egotistical adult sense of considering oneself of more 
importance than others because the infant has not 
yet constructed an understanding of him- or herself 
as having a perspective. Although infants have a per-
spective in the sense of an orientation to an environ-
ment, becoming aware that they have a perspective 
requires taking others’ perspectives by learning how 
others respond to their actions.

Mead’s	Approach
Responses from others play a key role in George Her-
bert Mead’s approach to perspective taking or role 
taking. For Mead, learning to take others’ perspectives 
is rooted in social activity. Self-awareness is only pos-
sible through experiencing others’ reactions to one’s 
actions. Through such experience, children learn how 
others respond to them and, thus, take into account 
the other’s reaction or attitude toward them. In this 
sense, children learn to take others’ perspectives dur-
ing actual activity. This can be seen in the develop-
ment of patterns of coordinated interactions. A young 
infant’s crying is meaningful to his or her parents, but 
the infant is not at first aware of this and is not yet 
intending to communicate. Infants learn how oth-
ers respond to their actions, and then their action 
includes others’ expected responses. 

For example, when an infant reaches toward a 
desired object, this action is meaningful to his or her 
parents because it is a manifestation of his or her inter-
est and desire. If the infant cannot reach the object and 
the parent gives it to him or her, this pattern of interac-
tion can develop into a routine as the infant begins to 
expect this response, and the action becomes a gesture 
used to make a request. The others’ expected responses 
become part of the activity, and it is through such social 
experience that the child develops self-awareness. This 
involves taking the other’s perspective in a simple way 
through learning about the other’s attitude toward the 
self, and this way of conveying meaning is the founda-
tion on which language can be based.
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Multiple particular perspectives are combined 
into what Mead referred to as the generalized other. 
This is the attitude of the group rather than of sepa-
rate individuals; such a general perspective makes 
language, thinking, and mind possible. Language, in 
turn, creates the possibility of more complex forms 
of perspective taking. Taking the perspectives of 
everyone involved in a moral conflict is Mead’s moral 
method for resolving moral conflicts and formulat-
ing moral norms.

The	Visual–Spatial	Perspective
Piaget’s early work relating to perspective taking 
focused on young children’s difficulties in taking 
others’ perspectives into account in conversation, 
resulting in egocentric speech—speech not well 
adapted to others. But, it was his later work with 
Bärbel Inhelder on the development of visual–spa-
tial perspective taking that inspired much of the 
subsequent research on perspective taking. Piaget 
and Inhelder assessed visual–spatial perspective tak-
ing with a task assessing children’s understanding of 
how the perspectives of others viewing a model of 
three mountains from different points would differ 
from their own perspective. 

Although even the 4- to 6-year-old children in this 
study had some awareness that the mountains would 
be seen differently from different points around the 
mountains, the children did not master the difficult 
task of correctly constructing another’s perspective 
while maintaining the correct relations between the 
mountains until 9 to 10 years of age. Some research-
ers simplified the task by putting the model on a 
turntable. Although younger children passed this 
simplified task, they could do so just by turning the 
table without needing the more complex ability to 
shift perspective while maintaining the spatial rela-
tions among the mountains that the original task was 
designed to assess.

Piaget’s research on visual–spatial perspective tak-
ing inspired work on social perspective taking with 
the goal of discovering the age at which egocentrism 
declines and perspective taking develops. Research-
ers designed many different tasks, and it was found 
that children passed these tasks at a wide range of 
ages. This diversity in findings regarding the age that 
perspective taking develops led to the decline of this 
area of research because it seemed that there was no 
particular age at which perspective taking developed 
and egocentrism declined.

Levels	of	Perspective	Taking
However, perspective taking is not an all-or-nothing 
ability. Instead, this skill develops through many 
forms of increasing complexity. For example, an early 
form of communication that includes others’ per-
spectives may be seen in how 2-year-olds are more 
likely to use a pointing gesture to indicate something 
if their parent has not yet seen it. Another transi-
tion in perspective taking described by John Flavell 
is referred to as Level 1 and Level 2 perspective tak-
ing. Children pass a Level 1 perspective-taking task by 
stating that they see a cat on one side of a card placed 
vertically between them and an experimenter sitting 
opposite to them, but the experimenter, looking at 
the other side of the card, would see the dog on that 
side. In a Level 2 perspective-taking task, the child is 
sitting opposite to an experimenter with a picture of 
a turtle on the table between them. Passing this task 
requires understanding that, although the child sees 
the turtle standing on its feet, the experimenter from 
across the table would see it lying on its back. More 
sophisticated perspective-taking skills are required 
to pass Michael Chandler’s bystander task in which a 
mail carrier delivering a present to a young girl would 
not know that the reason she is sad when receiving a 
toy airplane is that it reminds her of her father leaving 
on an airplane. Passing such a task involves separating 
one’s own knowledge from others’ knowledge.

Referential communication tasks assess children’s 
ability to take perspectives in communication by pro-
viding enough information to enable others to unam-
biguously select an object referred to. Providing suffi-
cient information depends on knowing what the other 
needs to know, which requires being aware of how 
one’s own knowledge differs from others’ knowledge. 
When discrepancies in knowledge emerge, a child 
with nascent perspectival abilities may omit referen-
tial content such as who is involved or what is being 
talked about. In response, parents may initiate repairs 
by posing clarification questions containing terms 
such as who, what, and where. Parents coordinate their 
own perspectives with that of the child, making mani-
fest the content required in order to achieve mutual 
understanding. Repairs are a cooperative set of prac-
tices through which people in conversation attempt 
to resolve misunderstandings and coordinate per-
spectives. Increasing skill in perspective taking is also 
required for understanding the pragmatic dimension 
of language in use such as in jokes, irony, sarcasm, and 
politeness.
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According to Michael Tomasello, the use of lin-
guistic symbols involves perspective taking in the 
sense that they are understood bidirectionally—the 
child learns to use symbols as well as understands 
when others do the same. Language and human 
communication in general, according to Tomasello, 
involves directing others’ attention in various ways. 
Furthermore, empathy and prosocial behavior can 
be conceptualized in terms of understanding others’ 
perspectives.

A further approach to factors that facilitate or 
hinder perspective taking is evident in Piaget’s work 
on moral judgment. According to Piaget, the ability 
to take others’ perspectives may be influenced by the 
nature of the relationship experienced. Perspective 
taking is hindered in relationships of unequal power 
and facilitated in cooperative relationships among 
equals because they are obliged to explain their posi-
tions and listen to each other, which facilitates mutual 
understanding. This point is not about how perspec-
tive taking influences communication but instead 
how communication, when constrained or facilitated 
by social factors, may influence the ability to under-
stand other perspectives.

Understanding others’ perspectives is an essential 
ability for learning languages, navigating our human 
social worlds, and participating in cultures. Perspec-
tive taking at one level makes thinking and self-aware-
ness possible, and these skills, in turn, allow for the 
development of further forms of understanding oth-
ers’ perspectives in more complex situations. These 
multiple levels of perspective taking involve others’ 
emotional reactions as an aspect of the communi-
cation. Thus, perspective taking is an essential social 
skill on which language and culture depend, and it 
develops through the process of social interaction. 

Jeremy I. M. Carpendale 
Sherrie Atwood

Simon Fraser University
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Phoneme	Discrimination
Phoneme discrimination refers to the ability to dis-
tinguish the vowels and consonants, also known as 
phonemes, which form the words of a language. For 
instance, English speakers know that the consonants 
/b/ and /t/ are part of the English consonant repertoire 
and that they distinguish words such as boy and toy.

The importance of phoneme discrimination 
seems obvious when one encounters the vowels or 
consonants of a foreign language, especially those 
that are not present in one’s native language. Anec-
dotes as well as numerous empirical studies show 
that Japanese speakers have great difficulty distin-
guishing the English words rock and lock because, to a 
Japanese speaker, both /r/ and /l/ sound like examples 
of a single Japanese phoneme. Similarly, it has been 
shown that Spanish listeners have substantial diffi-
culty with English sheep and ship because they hear 
them as words containing the same single Spanish 
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vowel. Moreover, certain phoneme contrasts cannot 
be distinguished in a native-like manner even when 
learned early in life, as is the case for the vowels in 
the Catalan words neto (meaning clean, masculine) 
and néto (meaning grandson), which continue to 
be a problem for Spanish–Catalan bilinguals who 
learned Catalan before the age of 4. This is because e 
is a Spanish vowel, while é is not part of the Spanish 
vowel repertoire. 

Mechanisms	Underlying	Phoneme	Discrimination
Given that phoneme discrimination is only effort-
less in one’s native language, how do children acquire 
this remarkable ability? Using experimental tech-
niques developed to investigate infant speech percep-
tion, researchers have shown that, during their first 
6 months of life, infants are able to discriminate the 
phonemes of native and foreign languages. However, 
this universal ability is not long-lasting as at 6 months, 
infants no longer distinguish nonnative vowels with 
the same ease as they distinguish the vowels that are 
part of their native vowel repertoire, while their abil-
ity to distinguish nonnative consonants weakens at 10 
months. That is, within the first year of life, an infant’s 
speech perception becomes rapidly tuned to the pho-
nemes that are meaningful in the native language.

Because all infants seem able to discriminate the 
phonemes of all languages in their first six months of 
life, it may be the case that their ability to do so has 
an innate basis; that is, it is already present at birth. 
This would mean that infants continue distinguish-
ing phoneme contrasts that are relevant for their 
native language, while they simply stop distinguishing 
those that are not relevant. However, researchers have 
shown that phoneme discrimination is an emergent 
property of the infant’s developing perceptual space, 
which is warped to match the acoustic properties of 
native phonemes, suggesting that the ability is not 
necessarily or entirely innate. Specifically, during per-
ceptual development, more common or prototypical 
exemplars of native phonemes exert a so-called mag-
net effect over less common exemplars, which end 
up being perceived as the same phoneme, as demon-
strated by P. Kuhl and colleagues.

More recently, it has been demonstrated that pho-
neme discrimination can be acquired through com-
putation of the statistical properties of native language 
phonemes, which also suggests that infants do not 
need to come to the world equipped with phoneme 
discrimination. Specifically, J. Maye and colleagues 

have shown that infants can discover that two con-
sonants are contrastive through exposure to frequent 
and infrequent examples. Although native speakers 
produce consonants with great variability, and in fact, 
no two repetitions of the same consonant are exactly 
the same acoustically, the most common exemplars 
of two consonants tend to be produced with proper-
ties that place them at the edges of an acoustic con-
tinuum. That is, a consonant contrast tends to form a 
bimodal distribution with frequent exemplars at the 
edges and less frequent exemplars in the middle of an 
acoustic continuum.

In the laboratory, young infants were presented with 
examples of two nonnative consonants in two different 
distribution conditions along the same acoustic contin-
uum: one condition where exemplars at the edges were 
four times as frequent as exemplars in the middle and 
another where the exemplars in the middle were four 
times as frequent as the ones at the edges. The research-
ers showed that only infants in the first condition were 
able to discriminate examples from the edges of the 
continuum and reasoned that the first group learned to 
discriminate two consonants, while the second learned 
that there was only one consonant. In this experiment, 
infants heard the consonants in the two frequency dis-
tributions for just over two minutes prior totesting 
their ability to discriminate the phonemes, which sug-
gests that the computation of frequency distributions 
occurs rather quickly. This type of statistical learning 
can be seen as a general cognitive ability that underlies 
the discrimination of phonemes. Further, adult nonna-
tive listeners can also discriminate difficult vowel and 
consonant contrasts after short exposure to bimodal 
distributions along the relevant acoustic continua, sug-
gesting that phoneme discrimination through statisti-
cal learning can take place in adulthood as well.

Phoneme	Discrimination	and	Early	Word	Learning
While adult native speakers readily apply their pho-
neme discrimination abilities to learn and understand 
new words, J. F. Werker and colleagues have demon-
strated that, although children are remarkable word 
learners, shortly after their first year of life, they have 
substantial difficulty associating new words to new 
objects when the words form a minimal pair, that is, 
when they differ in a single phoneme (e.g., pen and 
ten). For example, Canadian English children find it 
difficult to learn that the new words bin and din corre-
spond to two different new objects (with shapes that 
do not clearly correspond to an object a child would 
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have seen). This is despite the fact that the same chil-
dren have no problems distinguishing this minimal 
pair when their association to two different objects is 
not part of the task.

These findings confirm that, after the first year of 
life, infants can easily discriminate native phonemes 
but find it difficult to utilize this ability when learning 
words. More recent studies have shown that children 
at the same age can learn to associate novel words to 
novel objects when the words differ in one vowel (e.g. 
deet and dit), which suggests a link between native 
phoneme discrimination and early word learning. 
Specifically, because infants become attuned to their 
native vowels earlier than to their native consonants, 
they may be able to utilize their vowel discrimination 
abilities earlier when learning minimal pairs that dif-
fer in their vowels as opposed to their consonants. 

Neurophysiological	Evidence
Most studies examining infant speech perception use 
infants’ overt responses. Specifically, they investigate 
infants’ head turns toward a moving object or their 
looks to a display on a screen when presented with 
exemplars of the target phonemes. It has been sug-
gested that these so-called behavioral measures of 
infant phoneme discrimination may not fully reveal 
the magnitude of an infant’s ability because of pos-
sible cognitive demands when performing the tasks 
that, in turn, limit the cognitive resources available for 
phoneme discrimination. Therefore, researchers have 
recently turned to neurophysiological, pre-attentive 
measures to uncover the development of native and 
nonnative phoneme discrimination.

In many of these studies, infants are presented 
with a so-called oddball detection paradigm, where 
they hear a long stream of exemplars of one phoneme 
(e.g., /d/) and then, suddenly, an exemplar of another 
phoneme (e.g., /t/). A difference in brain responses 
to frequent versus unexpected or infrequent exem-
plars, referred to as the mismatch negativity response, 
indicates that the infant’s brain has detected a change 
in phonemes and that phoneme discrimination has 
taken place. The general aim of these neurophysi-
ological studies is to demonstrate whether or not the 
developmental path observed in pre-attentive brain 
responses to native and nonnative phonemes is the 
same as that shown in previous studies that have used 
behavioral measures.

Using brain measures of phoneme discrimination, 
it has been shown that vowel perception is equally 

good for native as for nonnative vowels at 6 months 
of age. This is at odds with previous studies that used 
behavioral measures, which as described above, have 
demonstrated that the ability to discriminate nonna-
tive vowels weakens at 6 months. Conversely, brain 
measures for consonant discrimination seem con-
sistent with previous behavioral data as infants can 
discriminate native and nonnative consonants at 7 
months, while nonnative consonant discrimination 
is not present in their brain responses at 11 months. 
Importantly, this type of research also shows that 
discrimination for native consonants improves with 
development as brain responses to consonant changes 
are larger at 11 than at 7 months. It has also been 
found that some infants are able to discriminate non-
native consonants at 11 months, which suggests that 
group data may conceal the spectrum of individual 
abilities in phoneme discrimination. Importantly, this 
research also suggests that individual variability in 
phoneme discrimination may be an important mea-
sure for revealing early developmental patterns that 
can be related to typical versus atypical phonological 
development later in life.

Bilingual	Phoneme	Discrimination
A question that has more recently concerned research-
ers in the field of phoneme discrimination is whether 
or not children who acquire two languages from 
birth, also known as simultaneous bilinguals, follow 
the same developmental path as children raised in 
monolingual environments. Some studies show that 
bilinguals may lag behind for some phoneme con-
trasts, while other studies show monolingual-like per-
formance at all ages.

Part of the reason why bilinguals may differ from 
monolinguals is that, with two native languages in the 
environment, input from each language is reduced 
compared to a monolingual environment. Another 
source of variance may be that bilinguals need to 
keep the phonemes of each language separate, which 
can pose an extra challenge. Degree of difficulty 
for bilinguals may therefore depend on how closely 
related their two languages are and, specifically, on 
the number of phonemes and words they share. For 
example, infants raised in a Spanish–Catalan bilin-
gual environment seem to experience more difficulty 
with phoneme discrimination in their two languages 
than infants growing up in a French–English bilin-
gual environment because Spanish and Catalan dis-
play more overlap in their vocabulary and phonology 



 Phonological and Prosodic Bootstrapping 447

than do French and English. Unfortunately, phoneme 
discrimination studies with bilingual infants are not 
abundant, especially those including sensitive meth-
ods such as tracking eye movements or measuring 
brain responses. Research is yet to demonstrate the 
full extent of the differences and similarities in how 
phoneme discrimination develops in bilingual versus 
monolingual children.

Paola Escudero
University of Western Sydney
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Phonological	and	Prosodic	
Bootstrapping
Around their first birthday, most infants start pro-
ducing words. However, it is typically not until chil-
dren have acquired some 50 words in their produc-
tive vocabulary that they start combining words into 
utterances. Early theories of syntactic development—
based primarily on corpus work—were consequently 
developed to account for children’s early (syntacti-
cally deprived) utterances. By contrast, more recent 
work has started to focus on children’s comprehen-
sion of grammatical structures at ages that precede 
productive evidence of syntactic development. Such 
work has suggested that, within their first two to three 
years of life, infants gain sensitivity to many aspects of 
the syntactic structure of their native language. This 
sensitivity is thus in place even before children have 
acquired a rich vocabulary that may help them tune 
into the complexities of the ambient language. 

The relatively early sensitivity to grammati-
cal structure has raised the question of what cues 
enable young, preverbal children to acquire grammar. 
According to one account, prosodic information, and 
phonological cues more broadly, immediately per-
ceivable from the speech signal, may be the key ingre-
dient providing infants’ initial bootstrap into the lan-
guage. The central tenet of this hypothesis, typically 
referred to as the phonological bootstrapping hypoth-
esis, or bootstrapping from the signal, is based on the 
idea that crude structural properties of syntax are sig-
naled by their phonological correlates. That is, chil-
dren can learn certain aspects of the structure of their 
language through an analysis of the surface form of 
the incoming speech signal. Because this approach to 
bootstrapping into one’s native language requires no 
prior linguistic knowledge, it can potentially explain 
the earliest steps of language acquisition.

The notion that prosodic information in the 
speech stream contains cues to syntactic structure 
was first introduced in the 1980s by researchers such 
as Lila Gleitman, James Morgan, Elissa Newport, 
Ann Peters, and Eric Warren and forms the basis of 
the current phonological bootstrapping hypothesis. 
Originally called the prosodic bootstrapping hypoth-
esis, a term introduced by Steven Pinker, the hypoth-
esis mainly focused on infants’ use of prosody (i.e., 
information such as pitch modulation and rhythmic 
variation) to bootstrap into the structural properties 
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of the language. Later accounts also have started 
to incorporate nonprosodic information available 
from the speech signal, such as phonetic and phono-
tactic cues. To integrate this broader view, Morgan 
and Katherine Demuth referred to the phonological 
bootstrapping hypothesis, which is currently the most 
commonly used term. 

The idea that a purely perceptual analysis of the 
speech signal may reveal grammatical structure rests 
on a few critical assumptions: that (1) structural 
properties of sentences are reliably correlated with 
prosodic or phonetic features; (2) infants are sensitive 
to the acoustic correlates of these prosodic features; 
and (3) infants are able to rely on these acoustic cor-
relates of prosodic features during speech perception 
early in life. We here address each of these assump-
tions and discuss the plausibility of the phonological 
bootstrapping hypothesis in more detail.

Relationship	Between	Phonology	and	Syntax
In order for phonology to cue syntax, prosodic and 
syntactic phrases need to reliably coincide, and 
phrasal prosody should provide language learn-
ers with cues that help them divide sentences into 
rudimentary prosodic–syntactic units. Prosodic 
units should furthermore be organized hierarchi-
cally according to the depth of their acoustic mark-
ers. Evidence suggests that this is indeed the case. 
Specifically, phonological words are grouped into 
phonological phrases, which in turn constitute into-
national phrases. Generally speaking, each of these 
levels correlates with syntactic levels of utterances, 
such that the prosodic structure might provide a 
natural bracketing of speech into syntactically rel-
evant phrases and clauses. For example, intonational 
phrases—corresponding to clauses or propositions 
within a sentence—tend to be universally marked by 
phonological cues such as phrase-initial strengthen-
ing, phrase-final lengthening, pitch declination, and 
pauses. Phonological phrases—intermediate pro-
sodic phrases, corresponding to syntactic phrases 
typically consisting of a few function and content 
words—are indicated by similar, but reduced, acous-
tic correlates. Although the exact set of prosodic 
cues that serve to delimit clauses and phrases differs 
across languages, a reliable correspondence between 
the prosodic and the syntactic organization is sys-
tematically found in both adult- and child-directed 
speech across various languages. For example, corpus 
work suggests that, in Japanese, much like in English, 

prosodic cues correctly identify clause boundaries 
approximately 88 percent of the time.

Of course, a correlation between the prosodic 
information and syntactic structure does not imply 
that the two are perfectly aligned. Perhaps one of 
the most frequently raised criticisms of the prosodic 
bootstrapping hypothesis concerns the caveat that 
there is no one-to-one correspondence between pro-
sodic and syntactic phrases. For example, although 
prosodic boundaries typically correspond to syn-
tactic boundaries, the reverse is not necessarily the 
case. More specifically, while clause boundaries are 
fairly reliably associated with prosodic cues in child-
directed speech, intermediate phrasal structure has 
much weaker prosodic prominence. A sentence such 
as He is eating, for instance, is encapsulated in a single 
prosodic unit even though the pronoun is a clear syn-
tactic constituent on its own, leaving the major syn-
tactic boundary separating the subject from the verb 
phrase prosodically unmarked. This suggests that not 
all syntactic boundaries may be learnable from the 
phonological structure. Nonetheless, the phonologi-
cal information can provide children with the first 
step to decode the signal and can, as such, be used 
as a first proxy to syntactic analyses. That is, even if 
some syntactic boundaries will have no clear prosodic 
marker, and will hence not be recovered on first pass, 
a phonological analysis of the speech signal would 
provide learners with at least some reliable cues that 
may guide their early syntactic analysis of sentences. 
Once bootstrapped, such initial syntactic informa-
tion can subsequently be used to analyze the input in 
a more fine-grained fashion.

Prosodic phrase boundaries are not the only source 
of information infants could access in the speech sig-
nal to cue the syntactic structure. Within phonologi-
cal phrases, the position of prosodic prominence is 
correlated with word order and could thus provide a 
perceptually available surface cue to the typology of 
the language. For example, prosodic prominence is 
phrase initial in languages where the object follows 
the verb (e.g., [they] ride

V
 bikes

O
) and the noun fol-

lows the preposition (e.g., in
P
 stores

N
), such as Eng-

lish or French, and is marked by a pitch accent on 
the initial word. By contrast, prosodic prominence is 
phrase final in languages where the object precedes 
the verb (e.g., bikes

O
 ride

V
) and postpositions follow 

nouns (e.g., stores
N
 in

P
), such as Turkish, Japanese, 

or Hindi, and is marked by a longer duration of the 
final word. Sensitivity to phrasal prosodic units may 
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thus help infants deduce the syntactic organization 
of their native language. 

A second prosodic cue to the word order of a lan-
guage involves the acoustic salience of individual 
words. Across a variety of different languages, func-
tion words (frequently occurring words with little 
lexical meaning, such as determiners, auxiliaries, 
and pronouns) tend to be shorter in duration, less 
stressed, phonologically reduced, and produced with 
lower intensity compared to content words (words 
that are rich in meaning, such as nouns, verbs, and 
adjectives). As function words are situated in initial 
or final position within a syntactic phrase according 
to the word order of the language (phrase initial for 
verb–object languages and phrase final for object–
verb languages), this acoustic distinction between 
function and content words can help infants derive 
the basic word order of their native language. 

Sensitivity	to	Prosodic	Features
The mere alignment of phonological and syntactic 
cues, while necessary, is not sufficient for the pho-
nological bootstrapping hypothesis to hold. In order 
for phonological cues to facilitate the acquisition of 
syntactic patterns, children should also be sensitive to 
the phonological manifestation of these cues. It is no 
surprise that adults, with years of experience of lis-
tening to their language, are able to identify prosodic 
boundaries with great ease. For example, naïve adults 
can perceptually rank prosodic boundary strengths 
even when the lexical content of an utterance is not 
accessible. Thus, even in the absence of recognizable 
words, adults can use acoustic cues to determine the 
prosodic structure of a sentence. But do infants, who 
have much less experience listening to language, dis-
play a similar sensitivity? 

Children are known to process phrasal prosody 
from very early on. In fact, infants gain sensitivity to 
different aspects of prosody with remarkable speed. 
For example, immediately after birth, children dis-
criminate disyllabic strings that differ only in the 
presence or the absence of a phonological phrase 
boundary. Latí extracted from goríla tísico (with a 
phonological phrase boundary) is thus perceived as 
being functionally different from latí originating from 
gelatína (without the phonological phrase boundary). 
Furthermore, by 2 months of age, infants are sensi-
tive to pitch changes, and a few months later, infants 
begin to display sensitivity to the position of prosodic 
markers in fluent speech, exhibiting a preference 

for passages containing artificial pauses inserted at 
clause boundaries (e.g., in a great big house / but it 
was sort of dark) over passages containing artificial 
pauses inserted at other, less natural, positions within 
the clause (e.g., in a great big house but it was / sort 
of dark). A preference for passages containing pauses 
at the (somewhat less reliable) phrase boundary level 
(e.g., That / looks great) over passages containing 
pauses at other positions in the clause (e.g., That looks 
/ great) emerges by 9 months of age.

With regard to the sensitivity to phonological cor-
relates of word order, very young infants—between 
6 and 12 weeks of age—can discriminate sentences 
originating from languages such as French and Turk-
ish that differ in word order (and its associated pro-
sodic correlates) but that are otherwise similar in 
their phonological properties. Young infants, even 
newborns, also experience no difficulty discriminat-
ing lists of function words from lists of content words, 
and this ability to tell apart word categories develops 
into a preference for content words by 6 months of 
age, suggesting that the ability to employ this infor-
mation is in place in time to be used for phonological 
bootstrapping. Moreover, even before their first birth-
day, infants are sensitive to the frequency distribution 
of function and content words in their native lan-
guage, leading to expectations regarding the relative 
position of these items in the input. Such expectations 
are modulated by prosodic cues. Specifically, children 
learning a verb–object order such as French or English 
expect to hear comparatively infrequent words (i.e., 
the content words) realized with phrase-final promi-
nence (i.e., lengthening) at the end of utterances, 
whereas children learning an object–verb language 
such as Japanese or Hindi expect to hear such infre-
quent items realized with phrase-initial prominence 
(i.e., high pitch) at the onset of utterances. Taken 
together, these findings of both lines of research make 
a strong case for the attunement to prosodic informa-
tion during early language acquisition.

Use	of	Prosodic	Features	for		
Language	Development
Infants are thus sensitive to the prosodic features that 
correlate with the structural properties of sentences. 
This suggests that the first two assumptions of the 
prosodic bootstrapping hypothesis are met. Recent 
work has further started to address the third assump-
tion, that infants use the prosodic information they 
have access to during sentence processing. Adults use 
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this information to constrain syntactic analysis. For 
example, when hearing a homophone such as mort/
mord (dead/bite), which could either be an adjective 
(e.g., [le petit chien mort] the little dead dog) or a verb 
(e.g., [le petit chien][mord] the little dog bites), adult 
listeners immediately assign the appropriate syntactic 
category to a word, suggesting that the prosodic orga-
nization of the sentence helps parse sentences into 
syntactic categories.

How does this ability to utilize prosodic infor-
mation online develop during the course of lan-
guage acquisition? Infants have been shown to rap-
idly employ their early sensitivity to phonological 
information. By 2 months of age, infants’ memory 
of words is enhanced when they are part of a single 
clause (e.g., Cats like park benches) as opposed to 
when the words occur in list form without sentence 
intonation (e.g., Cats. Like. Park. Benches.) or in sepa-
rate clauses (what cats like. Park benches are). Slightly 
older infants parse and store syntactic phrases with 
much greater ease when they occur in prosodically 
well-formed phrases than when they cross clause or 
phonological phrase boundaries. And as early as by 
13 months of age, infants, much like adults, use pho-
nological phrases to constrain lexical access. That is, 
children trained to recognize the word form paper 
recognize this word when it has previously occurred 
as such within a phonological phrase but not when it 
straddles a phonological boundary (e.g., [men with 
the highest pay][perform the most]). In the latter case, 
children recognize the word pay instead. Moreover, 
preschoolers use prosodic information to resolve syn-
tactic ambiguities (e.g., an ambiguous prepositional-
attachment sentence such as feel / the frog with the 
feather versus feel the frog / with the feather) online. 
This demonstrates that children readily employ the 
prosodic features of syntactic structure during sen-
tence processing and, hence, that all three conditions 
underlying the plausibility of the phonological boot-
strapping hypothesis have been met.

Syntactic	Skeleton
Although the discussion of phonological bootstrap-
ping has thus far focused on the plausibility of pho-
nological bootstrapping on its own, this does not 
preclude the possibility that phonological or prosodic 
cues are processed in tandem with other cues in the 
signal. In fact, while the acoustic correlates of syn-
tactic structure may boost sensitivity to the grammar 
of the language, on their own, they do not provide 

direct clues to the syntactic labels of constituents (e.g., 
noun phrase or verb phrase). To derive this informa-
tion, syntactic indices such as function words need to 
be incorporated. This joint integration of prosodic 
information and frequently occurring, and acousti-
cally distinct, function words is central to the lat-
est theorized model of phonological bootstrapping. 
Anne Christophe and colleagues have proposed that 
infants could combine these two cues to build a par-
tial syntactic representation of sentences: a syntactic 
skeleton. In such model, the prosodic boundaries, 
signaling the syntactic constituent boundaries, would 
not only aid syntactic processing but also facilitate the 
recognition of the function words that are situated at 
the edges of phonological units. 

Function words are crucial in this model because 
they both promote access to the neighboring content 
word and permit one to categorize the units (verb 
phrase or noun phrase). For example, a sentence such 
as The little dog is eating a big bone could be analyzed 
as [The X]

NP
 [is X-ing]

VP
 [a X]

NP
, where the prosodic 

boundaries would be indicative of the syntactic con-
stituent boundaries, the determiner the (typically 
occurring before nouns but not before verbs) would 
label the unit as a noun phrase, while the auxiliary 
is (typically occurring before verbs but not before 
nouns) would label the unit as a verb phrase. Even 
without knowledge of any of the content words in 
the previous sentence, it is possible to compute this 
partial syntactic representation. Adult studies using 
jabberwocky sentences where all content words are 
replaced by invented words (e.g., [the moop

N
] [is 

blicking
V
 mabily]) show that the syntactic skeleton 

allows adults to determine that moop is a noun, while 
blick is a verb, in less than 500 milliseconds. Studies 
examining how young children deal with such newly 
created words are currently underway.

Conclusion
To what extent can phonological bootstrapping 
explain the language acquisition process? The find-
ings reviewed here suggest that (1) structural prop-
erties of sentences are reliably correlated with pro-
sodic features, that (2) infants are sensitive to the 
acoustic correlates of these prosodic features, and 
that (3) infants are able to rely on these acoustic 
correlates of prosodic features during online speech 
perception early in life. At the same time, syntactic 
information is not always reliably aligned with pro-
sodic information, and by solely attending to the 
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phonological information, infants will not be able to 
discover the complete syntactic system of their lan-
guage. Nonetheless, phonological bootstrapping may 
allow the language learner to compute a first, rudi-
mentary grouping of the input into smaller units, 
roughly corresponding to clauses. Subsequently, 
both phonological cues and other information from 
the speech signal, such as the presence of function 
words, may further refine these rudimentary group-
ings into phrase-like units and help detect the basic 
word order within those units. Other heuristics, such 
as syntactic, semantic, or frequency-based boot-
strapping, may also play roles at this stage. 

Taken together, the speech signal presents children 
with a window into the syntax of their language. Chil-
dren rapidly learn to exploit this information and use 
it to acquire various aspects of the structural proper-
ties of their native language.

Marieke van Heugten 
Isabelle Dautriche
Anne Christophe

Ecole Normale Supérieure
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Phonological	Awareness
Phonological awareness is the explicit understand-
ing that spoken language comprises discrete linguis-
tic units of sound structure, such as words, syllables, 
and phonemes. Phonological awareness encompasses 
a wide variety of skills that indicate an understanding 
that spoken language can be analyzed and manipu-
lated based on the sound structure of words alone, 
independent of word meaning. Phonological aware-
ness primarily develops during the preschool years 
and is considered one of the strongest indicators for 
later reading success. Phonological awareness is mea-
sured by tasks along a hierarchy of both linguistic 
complexity (e.g., words, syllables, and phonemes) and 
cognitive demand (e.g., recognition or manipulation).

Spoken language does not naturally provide acous-
tic cues to distinguish the beginnings and endings of 
words or individual phonemes in words. Early in devel-
opment, infants and toddlers process spoken language 
holistically with little awareness that spoken language 
comprises discrete words, syllables, and phonemes. 
Vocabulary expansion is linked to an increased sensi-
tivity to individual sounds because of the need to dis-
tinguish between different words with similar sounds. 
Children’s awareness of the sound structure of language 
develops along a predictable continuum from phono-
logical sensitivity to larger units of spoken language 
(e.g., words) to phonological sensitivity to the smaller 
units of sound in language (i.e., phonemes).

 In the early preschool years, children begin to rec-
ognize that words comprise individual syllables, and 
as such, they are able to clap or tap out the number of 
syllables in various words. This is an important step 
in phonological awareness as it involves parsing words 
into segments that, on their own, do not necessarily 
carry meaning. For example, the word computer com-
prises three separate syllables: com, pu, and ter. The 
next progression in phonological awareness is devel-
opment of sensitivity for intrasyllabic word charac-
teristics, such as onset and rime. Onset refers to the 
beginning consonant (or cluster of consonants) that 
come before a vowel in a given syllable. Rime is the 
portion of the syllable following the onset, which typ-
ically comprises a vowel and any subsequent conso-
nants. For example, in the word boat, /b/ is the onset, 
and /ot/ is the rime. Similarly, in the word spoon, /sp/ 
is the onset, and /un/ is the rime. Multisyllabic words 
have the same number of rimes as syllables. Finally, 
children develop an awareness of the individual 
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phonemes that comprise each word. This awareness 
involves the recognition that, for example, the word 
stick comprises the phonemes /s/, /t/, /I/, and /k/.

Another conceptualization of phonological aware-
ness focuses on its development along a continuum 
of complexity ranging from shallow to deep levels 
of awareness. Shallow levels of phonological aware-
ness are reflective of a sensitivity to sound patterns 
without an explicit understanding or ability to meta-
linguistically describe those sound patterns. Shallow 
levels of phonological awareness include basic detec-
tion tasks such as identifying words that begin with 
the same initial sound or identifying spoken words 
that rhyme. For example, a child might be presented 
with three words—hat, cat, and plate—and asked to 
point to the two that sound alike. Importantly, at this 
level, children are not likely able to explain why the 
words sound alike, but they can recognize the fact that 
some words go together and others do not. By con-
trast, deep levels of phonological awareness reflect an 
ability to manipulate the discrete segments of spoken 
words. Such tasks typically require a child to provide 
a verbal response when asked to blend sounds or alter 
the order of sounds or syllables. For example, a child 
may be asked to indicate the number of sounds that 
make up the word fist (/f/, /I/, /s/, and /t/) or say the 
word farm without /f/ (arm). Both tasks require the 
child to consciously manipulate individual phonemic 
segments in a word.

Phonological	Awareness	Tasks
A variety of tasks have been used to measure pho-
nological awareness. Additionally, the tasks are orga-
nized from those that require an awareness of larger 
linguistic units (e.g., words) to those that require an 
awareness of increasingly discrete phonological seg-
ments (e.g., syllables, onset–rime, and phonemes). 

A debate in the literature addresses whether dif-
ferent phonological awareness tasks (i.e., shallow or 
deep) measure different underlying constructs in the 
phonological system or if they tap different compo-
nents of one’s overall phonological awareness ability. 
The leading consensus is that different phonological 
awareness tasks tap into a single phonological ability 
that evolves over time. Early in development, phono-
logical awareness is best represented by the ability to 
detect large phonological units (e.g., words and syl-
lables). As children attain higher levels of phonologi-
cal ability, phonological awareness is best measured 
by one’s ability to segment and manipulate individual 

phonemes. A child’s performance on shallow phono-
logical awareness tasks predicts future performance on 
deep phonological awareness tasks. For most children, 
the hierarchical nature of phonological awareness is 
such that the ability to perform higher-level phono-
logical awareness tasks is dependent on the ability to 
perform lower-level phonological awareness tasks.

The	Relationship	Between	Phonological	
Awareness	and	Reading	Development
Phonological awareness has been examined exten-
sively in young children because of its association 
with future reading achievement; young children with 
good phonological awareness tend to become good 
readers, whereas those with poor phonological aware-
ness are more likely to become poor readers. Impor-
tantly, this positive relationship is evident even after 
accounting for IQ, vocabulary skills, memory, and 
socioeconomic status. Deep phonological awareness 
tasks that require the manipulation of phoneme-level 
segments, such as phoneme deletion, are the stron-
gest phonological awareness predictor for reading 
achievement.

After children begin learning to read, the relation-
ship between phonological awareness and reading 
becomes reciprocal, such that the very act of read-
ing increases one’s awareness of the sound structure 
of language. Reading involves matching phonemes 
to letters to decode printed words. This skill enables 
a child to recognize that the letters c, a, and t corre-
spond with the phonemes /k/, /ae/, and /t/. The pro-
cess of learning phoneme-to-letter mappings provides 
more concrete delineations of individual phonemes 
that comprise words. This is the case for alphabetic 
languages, such as English, that rely on phoneme-to-
letter mappings in written language. Indeed, research 
has demonstrated that poor readers and illiterate 
adults, regardless of intellectual ability, exhibit signifi-
cant difficulty with phonological awareness tasks that 
involve manipulation at the level of the phoneme. It 
is hypothesized that this lack of phoneme-level pho-
nological awareness in illiterate individuals is a result 
of limited experience with print, which provides con-
ceptual knowledge that individual letters represent 
specific sounds in words.

While phonological awareness is predictive of word 
reading in the early elementary grades, T. P. Hogan, H. 
W. Catts, and T. D. Little showed that, by the time a per-
son becomes a basic reader—equivalent to a second-
grade reading level—the best predictor of word reading 
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is simply a measure of word reading itself. That is, after 
second grade, performance on phonological awareness 
tasks does not provide additional information about a 
child’s word reading abilities beyond that provided by 
a measure of word reading. The reciprocal relationship 
between phonological awareness and reading ability is 
evident through numerous studies showing that inten-
sive phonological awareness training yields improve-
ment in both phonological awareness and reading. 
Likewise, instruction and improvement in reading skill 
also result in increased phonological awareness.

Assessment	of	Phonological	Awareness
Assessment of phonological awareness skills in pre-
school-aged children provides critical information 
about which children may be at risk for future read-
ing failure. A teacher, speech-language pathologist, or 
other trained educational professional typically admin-
isters an assessment of phonological awareness. A qual-
ity phonological awareness assessment battery should 
include a variety of developmentally appropriate pho-
nological awareness tasks that tap both varying levels 
of linguistic complexity (e.g., words, syllables, and pho-
nemes) and cognitive operations (e.g., detection and 
manipulation). Because different skills are acquired 
at different points in development, assessment should 
cover a broad range of phonological awareness abilities. 
Assessment results would then denote specific gaps in 
phonological awareness that could guide objectives for 
remediation. Treatment involving phonological aware-
ness should explicitly link to reading goals.

Phonological	Awareness	in	Children	With		
Speech	and	Language	Impairment
A high proportion of children with speech and lan-
guage problems have poor phonological awareness as 
compared to their typically developing peers. Unsur-
prisingly, many of these children are at risk for becom-
ing poor readers. As such, it is standard practice for 
speech-language pathologists to incorporate pho-
nological awareness activities into therapy targeting 
speech and language development. For example, a child 
with a speech sound disorder may exhibit difficulty 
producing consonant clusters in words (e.g., spoon may 
be produced as poon, or star may be produced as tar). 
A phonological awareness assessment may reveal that 
this child exhibits significant difficulty with phoneme 
segmentation, which involves the ability to identify all 
phonemes in a particular word. The speech-language 
pathologist may opt to use phonological awareness 

activities that highlight specific phonemes omitted in 
this child’s speech to improve both speech production 
and phonological awareness. Research has shown that 
incorporating explicit phonological awareness activi-
ties into speech and language therapy improves both 
speech production and phonological awareness. G. T. 
Gillon revealed that simply receiving speech and lan-
guage therapy does not improve a child’s phonologi-
cal awareness. Children who received one-on-one or 
small-group direct instruction integrating explicit pho-
nological awareness activities yielded greater improve-
ment in both phonological awareness and reading skills 
than children who received only standard speech and 
language therapy services.

Kathryn Cabbage
Tiffany P. Hogan

Massachusetts General Hospital Institute  
of Health Professions
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Phonological	Development
Children spend the first year of their lives learning to 
recognize the sounds of the words and phrases of their 
native language (or languages) and developing enough 
control over their mouths, vocal cords, and breath-
ing so that they can begin to make the articulatory 
movements and the vocal cord vibrations needed to 
produce these words and phrases. Before children can 
speak, they produce speechlike sounds, or babble. Bab-
bling and listening to the resulting sounds gives chil-
dren the experience they need to connect their mouth 
movements with the sounds those movements create, 
and that experience provides the foundation for fig-
uring out how to make the specific speech sounds of 
the adult language around them. Children may start to 
talk before the end of their first year, but it takes all of 
the second year and most of the third year before they 
develop enough articulatory control to accurately pro-
duce most of the words that they want to say.

One-year-old children with normal hearing are 
able to distinguish the sounds of adult words and 
remember them fairly accurately; their perception 
is generally more accurate than their production, 
although they sometimes confuse unfamiliar words 
that sound alike. Only a few of the immature speech 
patterns of normally hearing young children are due 
to confusion about the sounds of adult words; almost 
all of their inaccuracies are due to problems in con-
trolling their articulation plus failing to update their 
old ways of saying familiar words as they bring new 
sounds under articulatory control. 

To describe children’s articulation and understand 
its relation to the adult target words, we write down 
the sounds that they produce using the International 
Phonetic Alphabet (IPA), which is a consistent system 
for spelling the sounds of any language. We use the 
IPA instead of the English alphabet because English 
spelling corresponds inconsistently to English speech 
sounds. To analyze children’s babble and speech 
sounds, we use articulatory phonetics (the science 
of how speech sounds are made); phonetic analysis 
lets us see how a child’s babble and speech sounds 

are related to each other and how the sounds of their 
words are related to the sounds of the adult words 
they are trying to produce.

Young children’s approximations to the adult 
words that they want to say show widespread (uni-
versal) patterns and general tendencies—for example, 
they tend to master the sounds of the adult language 
gradually, to shorten adult words that are longer than 
two syllables, to produce stressed syllables more accu-
rately than unstressed syllables, to omit consonants 
at the ends of syllables, to have problems with the 
consonants /k/ and /g/, and to have difficulty with 
words that have several different consonants. If they 
are learning a language like Chinese, Vietnamese, or 
Thai, which use tones (voice pitch) as well as conso-
nants and vowels to distinguish different words, they 
are likely to produce the tones accurately before they 
get the consonants and vowels correct.

There are also important differences across children. 
Some of those differences depend on the sounds of the 
particular language that they are trying to master; oth-
ers are idiosyncratic and often depend on the sounds 
and sound sequences that the particular child favored 
in his or her pre-speech babbling. Some children are 
very systematic about how they adapt adult words to 
fit within their favorite sound patterns; others are less 
systematic, and some children avoid attempting to say 
words that they cannot yet produce accurately.

Phonological acquisition has two basic components: 
a cognitive–linguistic component associated with 
learning the sound patterns of the words and phrases 
of the ambient language (including dealing with the 
variability of the pronunciations that they hear) and 
the development of speech–motor skills needed for 
adultlike speech production. This entry summarizes 
the patterns of speech production in typically devel-
oping young children and describes some theoretical 
approaches to the study of child phonology.

Pre-Speech	Development
Newborn infants have little ability to control the 
sounds they make. During their first year, they slowly 
learn to control the pitch and loudness of their voice 
and then to coordinate their vocal fold vibrations with 
movements of the jaws, lips, and tongue. By 6 months 
or so, typically developing children have enough coor-
dination to produce articulated single or repeated 
bababa-like syllables. Syllables like these are called 
canonical babble. For English-learning infants, 95 
percent of all babbled syllables contain one of the 12 
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consonants p, b, t, d, k, g, m, n, w, j, s, or h; similar con-
sonants are used by babies learning other languages. 
Marilyn Vihman and her colleagues have found that 
the sound pattern of the particular language being 
learned affects the prosody (the rhythm and the pitch 
patterns) of babble before it affects babbled vowels 
and consonants. But, infants’ babble starts to contain 
proportionately more of the vowels and consonants 
that they are hearing in the ambient language before 
they produce their first words, and they stop produc-
ing sounds that they do not hear (e.g., French babies 
stop producing syllables that begin with h).

Parents pay attention to their babies’ vocalizations 
and a conversation-like pattern of turn taking emerges 
quite early; that is, the baby vocalizes, and the care-
taker (usually the mother) responds, often imitating 
the sounds the baby made. In response to the mother’s 
turn, the baby may produce another vocalization, thus 
creating a mutually reinforcing vocal interaction. As 
the infant’s vocalizations become more speechlike, for 
example, baba or dada, the mother is more likely to 
respond with a real word: “Oh yes, here’s your bottle.”

Children understand many adult words before they 
start saying any of them. Their major challenge at the 
threshold of speech is learning to bring their vocaliza-
tions under enough control so that they can make a 
specific sound sequence when they want to express a 
specific meaning. This usually happens a little before 
or a few months after the child’s first birthday. There 
is a strong connection between babble and speech: The 
consonants that are frequent in children’s late babbling 
are generally very close to those that appear in the first 
words. Furthermore, studies that follow individual 
children for months or years show that the particular 
sequences of sounds that the child prefers in babble 
(called vocal motor schemes) also tend to be used in his 
or her first words. This is probably because he or she 
recognizes that some of words that he or she hears fit 
the sound sequences that he or she has already learned 
to pronounce. 

The	Beginning	of	Word	Use:	Individual	Differences
Around the time the first adult-modeled words appear, 
many children also create their own proto-words, that 
is, sound sequences that are used consistently with 
clear meanings, but that are not modeled on any adult 
word. Across languages, proto-words, late babble, and 
early words usually coexist for several months. (A few 
children do have a so-called silent period between 
babble and speech, but this is rare.)

As children start saying more adult-based words, 
several kinds of individual differences emerge. Chil-
dren vary as to whether their earliest words appear to 
be just phonetic approximations of adult targets or 
whether they show evidence of phonological struc-
ture. A cross-linguistic sample of the first six to eight 
words of about 50 children showed a few children at 
the phonetic or whole-word extreme. The first words 
of those few children bore no discernable relation-
ship to one another; they had no sounds in common 
and could easily have been whole-word approxima-
tions without any internal structure. For example, one 
phonetic child said baby as [pεpε:] or [tειti:], daddy 
as [dæ], mommy as [m`:an :], and hi or hiya correctly 
as [ha:i:] or [haιje]. (The vowel and consonant sym-
bols used here are from the IPA; [ε] always means the 
sound of e in bed, [æ] is the sound of a in dad, [i] is 
the sound of i in Rita, [j] is the sound of y in you, and 
[:] after a sound means the sound is held for a lon-
ger time than usual. Go to http://www.phonetics.ucla.
edu/course/chapter1/chapter1.html to learn more 
about the IPA.)

At the phonological or segmental extreme of this 
study were a few children whose first words formed 
neat sets like this: patty-cake as [bæbæ], daddy as 
[dædæ], mommy as [mama], and doggie as [gaga]. 
The phonological children reused some of the same 
speech sounds (segments) in different words, so they 
were apparently using a few basic consonants and 
vowels to build their vocabulary. Most of the children 
in the sample were between these two extremes: Some 
of their words showed evidence for reuse of speech 
sounds, but varying proportions of their other words 
were phonologically idiosyncratic and might have 
been whole-word approximations with no internal 
structure.

Some beginning speakers are selecters: They 
choose target words that closely match their exist-
ing vocal motor schemes and avoid saying words that 
demand new sounds or sound sequences, even though 
they understand them. Other children are adapters; 
although they also perceive adult words accurately, 
they seem content with approximating the sound 
patterns of those words crudely, using their favorite 
sound patterns.

Children who adapt adult words often do so rela-
tively systematically so that rules can be written deriv-
ing the child’s form from the adult target. For example, 
some children change all their k sounds to t sounds, 
and some change all of the f sounds at the beginnings 
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of words to p sounds. Sounds of languages actually 
form groups (called natural classes of sounds), and 
children often treat all of the sounds within a group 
the same way. An analysis that uses those groups of 
sounds is more useful than an analysis that just lists 
the sounds, so this entry will introduce some tech-
nical terms for types of speech sounds. These terms 
are based on how the sounds are made (articulatory 
phonetics; see http://www.phonetics.ucla.edu/course/
chapter1/chapter1.html for more information).

Analyzing	Speech	Sounds
Consonants and vowels are the largest groupings of 
speech sounds. Consonants can be further divided 
into the voiced and voiceless sounds; voiced sounds 
have associated vocal cord vibration, like z and b, 
while voiceless sounds are made without vocal cord 
vibration, like s and p. Speech sounds can also be clas-
sified according to whether air flows out through the 
mouth while the sound is being made (as for f, s, v, 
z, w, y, l, r, and some others, including the vowels), 
out through the nose (m, n, and the sound spelled ng 
in sing, written [ŋ] in the IPA), or whether the sound 
temporarily stops the airflow (p, t, k, b, d, g, and a few 
others). If air flows out of the mouth through a very 
narrow opening, the airflow may cause audible fric-
tion, as in h, f, s, v, z, sh (IPA [∫]), and several other 
sounds; these sounds are called fricatives. Three fur-
ther groups of speech sounds have oral airflow but no 
friction: the vowels, the glides (semivowels) w, y (IPA 
[j]), and the liquids r and l.

Speech sounds are also divided according to where 
the upper and lower articulators touch each other. 
For example, p, b, and m are bilabial sounds because 
they are made with upper and lower lips in contact; 
these sounds have a bilabial place of articulation. If the 
upper articulator and lower articulator do not touch 
in making a sound, the place of articulation of that 
sound is where the articulators come closest to touch-
ing. For example, the fricative f is a called a labial sound 
because it is made with the lower lip very close to the 
upper teeth. Two other important sound classes based 
on the place of narrowest mouth constriction are the 
sounds with alveolar place of articulation (including 
English t, d, s, z, n, and l), which are made with the 
tongue blade touching or very close to the upper gum 
ridge (in anatomical terms, the alveolar ridge), and 
the sounds made with velar articulation (i.e., with the 
back of the tongue touching or very close to the roof of 
the mouth; in English, these are k, g, and the [ŋ] sound 

in sing.). The sound w is special; it is made by bringing 
the lips close together and simultaneously raising the 
back of the tongue, so it is called a labiovelar sound.

The overall shape of a word can be described in 
terms of the placement and number of its consonants 
(C) and vowels (V); for example, cat is CVC, and tree 
is CCV. A CC sequence—that is, two or more con-
sonants in a row (not according to their spelling but 
according to their pronunciation)—is called a conso-
nant cluster by linguists and a blend by speech–lan-
guage pathologists and reading specialists.

Analyzing	Children’s	Ways	of	Simplifying	Words:	
Rules	and	Natural	Processes
Using the terms just introduced, one can say that Eng-
lish-learning children (and children learning many 
other languages) typically have trouble matching adult 
sounds and sound patterns such as velar consonants, 
consonant clusters or blends, and sequences of conso-
nants requiring several places of articulation. An unac-
cented syllable at the beginning of a word is also likely 
to be difficult. Many different children come up with 
almost identical rules (systematic ways) for adapting 
words with these difficult sound patterns. If those rules 
make sense as ways of reducing the complexity of the 
articulatory movements that the adult word requires, 
they are also known as natural processes. However, 
individual children may also invent some rather unnat-
ural looking adaptation patterns and rules to mash 
adult words into their favorite output shapes. 

Some natural processes change the overall shape 
of a word. One common natural process is changing 
a CC sequence to just one consonant; this is called 
cluster reduction. Most children learning English deal 
with consonant clusters like sk or pr by omitting one 
of the consonants. Usually, they hold onto the stop 
consonant (the k in sk or the p in pr) and omit the 
other one, saying kigh [kaI] instead of sky and pitty 
[piti] instead of pretty. But, some children omit the 
stop consonant (saying sigh instead of sky or witty 
instead of pretty). A few children simplify the cluster 
by putting a vowel between the two consonants. And, 
some children replace a consonant cluster like sp or 
sw with a single consonant that shares properties of 
both of the adult sounds, saying fot [fat] for spot and 
fim [fim] for swim. The f is a fricative, like s, but it 
has a labial (lip) place of articulation, like p and w. 
(In casual speech and in particular dialects of Eng-
lish, adult speakers also often reduce clusters in the 
middles and ends of words. Children’s word-medial 
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and word-final cluster reductions may be due to the 
reductions that they hear instead of, or in addition to, 
their own tendency to reduce clusters.)

Some other processes that simplify the word shape 
are syllable omission, final consonant deletion, and 
initial consonant deletion. If a word starts with an 
unaccented syllable, many children just omit that syl-
lable (nana for banana); children learning Japanese, 
which has a pitch-accent system, tend to omit the first 
syllable of a word that has high pitch on the second 
syllable. Omitting final consonants of CVC words 
and syllables is very common in English: da for dog, 
ta for truck, nai for nice, and so on. If the middle or 
end of a word has prominent sounds that attract a 
child’s attention, word-initial sounds may be simpli-
fied or omitted. This is seen in children learning Ara-
bic, Finnish, and Welsh, which have many long con-
sonants in the middles of words; in children learning 
Polish, which has complex word-medial consonant 
clusters; and in French, where word-final and phrase-
final syllables are accented.

Other natural processes maintain the overall shape 
of a word but change some of its speech sounds, 
resulting in substitution errors. For example, chil-
dren often have trouble with the velar stops k and g. 
A very common way that they deal with adult words 
that start with these sounds is to replace the velar stop 
with an alveolar stop—typically, they replace k with t 
and d with g. This is called fronting the velar sound.

Fricative sounds like f, s, z, v, and the two English 
sounds that are spelled with th (a voiced one, as in 
this and a voiceless one, as in think) are often difficult 
for beginning speakers, especially at the beginnings of 
words. Sometimes, they just omit the difficult sound, 
saying ish for fish; often, however, they substitute 
a stop for the fricative, choosing a stop that has the 
same or nearly the same position of articulation as the 
target sound: p instead of f, b instead of v, t instead of 
s. Using a stop instead of a fricative is called stopping. 
However, a child who has figured out how to say one 
fricative may use it as a substitute for other fricatives, 
for example, saying fing [fiŋ] instead of thing.

In English, Mandarin, and some other languages, 
the voiceless stops p, t, and k are aspirated when they 
are the first sound in a syllable. Aspiration means 
there is a short continuation (about 0.06–0.10 sec-
onds) of their voicelessness into the beginning of 
the vowel, glide, or liquid that follows them. English-
learning children have some difficulty mastering this 
extended voicelessness, so their word-initial voiceless 

stop consonants often sound like the voiced stops with 
the same place of articulation: p sounds like b, t like d, 
and k like g. This pronunciation change is called voic-
ing. Conversely, children from many languages have 
trouble producing voiced stops (and voiced fricatives) 
at the ends of words; if they produce them without 
vocal fold vibration, the change is called devoicing.

Pronouncing a word that has consonants with two 
different places of articulation, such as dog, is a chal-
lenge for beginning speakers, including those who can 
already say g if it is the only consonant in the word, 
as in go and egg (remember that we are talking about 
the sounds, not the spelling). Some children deal with 
dog by omitting the g; others change the g to a d (say-
ing dod), and still others do the opposite: They say gog 
instead of dog. Requiring all the consonants in a word 
to have the same place of articulation is called a con-
sonant harmony constraint. Creating consonant har-
mony by changing one of the consonants to have the 
same place of articulation as the other consonants in 
the word is consonant place assimilation. Consonant 
harmony can make it quite hard to guess what word 
a child is trying to say: Guck [g^k] might mean stuck, 
duck, or truck; bub [b^b] might be tub or bug; gook 
[gυk] might be an attempt at book, took, or even look.

Many of the youngest speakers have difficulty pro-
ducing two different syllables in one word. Even say-
ing mommy or cookie may be difficult—remember 
the child discussed above, whose first four words were 
patty-cake produced as [bæbæ], daddy as [dædæ], 
mommy as [mama], and doggie as [gaga]. To say each 
of these two-syllable words, this child repeats one syl-
lable twice—in mommy and daddy, it is the stressed 
syllable that is repeated, and in doggie, he or she uses 
the vowel of the stressed syllable along with a con-
sonant that is somewhere else in the word. (The b in 
patty-cake is this child’s attempt to say p; he or she has 
not yet learned to make a voiceless stop consonant.) 
Repeating whole syllables like this is called reduplica-
tion, and it is quite common in the first months of 
speaking. If the word was originally a one-syllable 
word, for example, car becoming caca, reduplication 
of course changes the word shape.

If a word contains an unaccented syllable, children 
may reduplicate the stressed syllable, for example, say-
ing kaka for cracker instead of omitting the unstressed 
syllable. (Using reduplication instead of unstressed 
syllable omission keeps the shape of the output form 
closer to the shape of the adult target.) Reduplication is 
particularly common in French, which accents the final 
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syllables of words and phrases. Other children hold 
onto the first consonant, especially if it is a stop con-
sonant, and condense the other sounds to make two 
syllables (bana for banana). And, some children use 
one or two favorite syllables, for example, tih or tim, as 
a substitute for many or all unstressed initial syllables 
(tibet for barrette, timdamas for pajamas, and timlissa 
for Melissa). A child’s favorite unstressed syllables are 
called his or her dummy syllables. (Dummy syllables 
are not the same thing as filler syllables: Dummy syl-
lables are purely phonological placeholders without 
grammatical functions, whereas filler syllables are 
placeholders for grammatical morphemes, such as 
articles, auxiliary verbs, and pronouns.)

Analyzing	Children’s	Ways	of	Simplifying	Words:	
Templates	and	Output	Constraints
Rules and processes are helpful in describing the 
speech of a child who has stable ways of changing the 
sounds of adult words into forms that he or she can say 
more easily. But, many children do not establish clear 
rules. Another useful way of describing what young 
children do is in terms of templates (favorite whole-
word output patterns), and a good way to describe 
what a young child cannot yet do is in terms of output 
constraints. For example, an English-learning child 
may make adult words that have s someplace into the 
form CVs, perhaps saying kiss correctly, saying mash 
as mass [mæs], sit as iss [is:], snow as nohs [nos], and 
smoke as mohs [mos]. In other words, this child rear-
ranges the sounds of any word that has an s in it to 
match his or her CVs template. This child could also 
be described has having a constraint against conso-
nant clusters that contain s and a constraint against 
word-initial s: That is, he or she hasn’t yet learned to 
make s in a consonant cluster and s at the beginning 
of a word. He or she has only figured out how to put 
it at the end of a word, and that is what he or she does 
whenever he or she knows that the target adult word 
has an s in it somewhere. Output constraints can also 
be used to describe a child’s phonological priorities: 
We can say that this child has a constraint—preserve 
any s in the adult word—and that this constraint has 
priority over getting the sounds in the adult word into 
the right order.

Sometimes, descriptions in terms of templates and 
in terms of constraints are just two sides of the same 
coin. For example, if a child almost always makes adult 
words, regardless of their length, into two-syllable 
words that are accented on the first syllable, that child 

can be described as having a two-syllable, initial-stress 
template for word production. We can also say that 
he or she has a constraint against multisyllabic words 
and a constraint against noninitial stressed syllables. 

Measuring	Progress	Toward	Adultlike	Forms
This entry has demonstrated that children vary in 
their pathways toward achieving adultlike pronuncia-
tions. At the same time, there are common features of 
acquisition across children. When group data are used, 
we can establish a general picture of the nature and 
timetable of phonological development. Data from 
large groups of children are often called normative 
data; normative data are used as the basis of guidelines 
for speech–language pathologists who need to identify 
children with atypical phonological development.

Measures of babble provide a way to compare the 
productions of very young children. This is impor-
tant because the richness (quality and complexity) of 
canonical babble is associated with earlier vocabulary 
development. Among children with typical develop-
ment, frequent use of canonical syllables and a large 
repertoire of consonants in babbles correlates with 
earlier onset of words, a larger productive vocabu-
lary, and more accurate word productions at 24 to 
36 months. As children start to learn words, more 
advanced phonological systems are linked to faster 
growth in their vocabularies.

For early word productions, a common phonologi-
cal measure is an inventory of the variety of speech 
sounds and word patterns that occur in a child’s words. 
An inventory measure does not involve accuracy 
of production because the child’s form is not com-
pared with the adult word—only the child’s produc-
tion is analyzed. The inventory consists of three lists:  
(1) consonants that occur at the beginning of words, 
(2) consonants that occur at the end of words, and  
(3) word shapes in terms of consonants and vowels. For 
example, the word this pronounced as diss [dis] would 
be analyzed as having [d] in word-initial position, [s] 
in word-final position, and a CVC structure, while the 
word banana pronounced as nana would have word-
initial [n] and a CVCV structure.

At 24 months, most children with typical develop-
ment have nine to 10 consonants in the initial con-
sonant inventory, mostly voiced and voiceless stops 
(p, b, t, d, k, and g), nasals (m and n), and glides (w, 
and [j] [as in you]). The final inventory is usually five 
to six consonants, mostly nasals, voiceless stops, and 
fricatives. Word shapes present in the productions of 
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typically developing 2-year-olds include CV, CVC, 
CVCV, CVCVC, and some consonant clusters (CC–, 
e.g., tw–).

The overall accuracy of a child’s consonants can 
be evaluated with a measure called percent of conso-
nants correct (PCC), which has been widely adopted 
as a way to compare one child’s performance with 
another. PCC is calculated by comparing the accuracy 
of consonants in the child’s word productions with 
the adult pronunciation. For example, if the child pro-
duced nana for banana, he or she would be credited 
with correct production of two of the three conso-
nants in the adult words, yielding a PCC for this word 
of 67 percent. A review of PCC scores from conver-
sational samples (not articulation tests) of American 
children aged 18 months to 14 years showed that PCC 
at 18 months was 53 percent, rising to 70 percent at 24 
months, and 85 percent at 36 months. By 43 months, 
PCCs exceeded 90 percent. 

Universal	and	Language-Specific		
Patterns	of	Development
Many studies have investigated how children acquire 
the speech sounds of their native language, and cross-
linguistic data have been used to test theories of 
phonological acquisition. In a seminal monograph, 
first published in 1941 (English translation, 1968), 
Roman Jakobson proposed that all children would 
follow the same developmental course regardless of 
the language they are learning. Jakobson’s notion of 
universality in child phonology, based on then-avail-
able data (mostly from Indo-European languages), 
has been interpreted as predicting a nearly invari-
ant order of speech sound acquisition. For example, 
stops (e.g., consonants such as /b/ and /d/) should be 
acquired before fricatives (e.g., /f, s, and v/) because 
every adult language has stops, but some of them do 
not have fricatives. (Technically, his predictions were 
about phonemic contrasts between speech sounds, 
not about the speech sounds themselves.) His uni-
versal theory regarding phonological acquisition has 
been associated with biological or physiological con-
straints: Speech sounds with less complex articula-
tion are acquired earlier than phonemes with more 
complexity. However, defining complexity can be a 
problem, and studies of the development of indi-
vidual children do not always match the general 
patterns. Also, his theory did not consider effects of 
the position of a sound in a word, but (at least in 
English) word-final fricatives tend to be acquired 

before word-initial fricatives and sometimes as early 
as word-final stops.

Some of the predicted universal patterns in chil-
dren’s speech sound acquisition have been confirmed 
in languages of very different types, including Arabic, 
Cantonese, and English, in which stop consonants (e.g., 
/b and d/) and nasal consonants (e.g., /m and n/) are 
acquired before other types of consonants. A few stud-
ies have reported cross-language differences, which are 
often interpreted as showing that more frequent speech 
sounds in the ambient language are learned earlier. 
However, the most frequent speech sound in English 
is the th in the (IPA [ð]), which is mastered late. So, 
both articulatory complexity and the phonology of the 
ambient language influence phonological acquisition.

Universal tendencies are also observed in the 
acquisition of syllable structures and, as with speech 
sounds, patterns of acquisition generally align with 
phonological patterning in the languages of the world. 
All languages have syllables composed of a single 
consonant followed by a vowel (a CV syllable), while 
some languages, such as Hawaiian, lack CVC syllables, 
and many languages have no consonant clusters (CC) 
at the beginning of a syllable. In terms of acquisition, 
children tend to acquire CV syllables before CVC or 
CCV syllables, regardless of the language community 
in which they are raised.

Jakobson also predicted a set of universal error pat-
terns in the development of phonemes: substitutions 
of stops for target fricatives (which results in the stop-
ping process), front stops for back stops (fronting), 
and word-initial unaspirated voiceless stops for pre-
voiced or aspirated stops. Studies of the acquisition of 
English show that children begin to make fewer sub-
stitutions of a stop for /f/ and /s/ between 2½ years, 
and 3 years but continue to replace some fricatives 
with stops well after the age of 3 years, notably the 
/v/, produced as [b], and the th [ð] of then, produced 
as [d]. Substituting stops for fricatives (stopping) also 
has been found in 2- to 3-year-old children learning 
a wide range of languages including Spanish, Greek, 
Hindi, Czech, Slovenian, and Norwegian. The age at 
which use of this error pattern declines varies con-
siderably, however: Spanish-speaking children’s use 
of stopping significantly decreases after 3 years, while 
about 50 percent of children learning Putonghua 
replaced affricates by stops until 4 years.

Velar fronting, as in saying tat [tæt] for cat, is also 
a common error pattern across languages. Many chil-
dren learning English substitute alveolar stops for 
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velar stops (i.e., [t] for /k/ and [d] for /g/). This front-
ing pattern is reported to disappear by about age 3. In 
the acquisition of Cantonese, [t] and [th] often replace 
their adult velar counterparts /k/ and /kh/ as well as 
the labialized velars /kw/ and /khw/. But sometimes, /
kw/ and /khw/ are fronted to [p], perhaps because of 
the labial /w/ (English-learning children saying fim 
[fim] for swim). This process in Cantonese-speaking 
children persists after age 3. Although common error 
patterns are found across a variety of languages, there 
are also language-specific error patterns, which can 
be attributed to the phonological system of the target 
language. For example, velar fronting in Cantonese-
speaking children persists after age 3, while this pro-
cess in English-speaking children begins to disappear 
before age 3. In addition, some error patterns, like 
omission of initial stops, are rare in some languages 
but occur commonly in other languages (e.g., Finn-
ish). And, there are patterns in children’s language 
that are never found in adult languages, such as the 
consonant place-of-articulation harmony constraint.

Summary
Learning to pronounce the words of one’s native 
language requires both cognitive–linguistic learn-
ing to recognize the sound patterns of the ambient 
language and the development of speech–motor 
skills needed for adultlike speech production. By 
about 9 months of age, typically developing chil-
dren control sound production well enough to start 
canonical babbling; listening to the resulting sounds 
helps them link the sounds they make to the mouth 
movements that created them. Before the end of the 
first year, children also learn to recognize important 
words and phrases, which they start to produce early 
in the second year. Young children produce some 
early words accurately, but they also produce many 
immature forms, largely due to lack of motor control 
or to not having figured out how to make a particu-
lar sound or sound sequence. They also often fail to 
update their old ways of saying familiar words until 
well after acquiring the articulatory ability needed 
to produce those words. Approximations to the 
adult target words show general tendencies across 
languages, but there are also individual differences. 
Some of those differences depend on the sounds of 
the language the child is learning. Other are idiosyn-
cratic, such as whether a child is systematic in his or 
her attempts to produce adult words, whether he or 
she avoids attempting difficult words or is content to 

produce rough approximations to them, and what 
sound patterns he or she prefers. Children’s progress 
toward mastering pronunciation can be described 
with measurements like PCC, and their pronuncia-
tion may be described in terms of rules, natural pro-
cesses, phonological constraints, and output phono-
logical templates.

Lise Menn
University of Colorado
Carol Stoel-Gammon

University of Washington
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Phonological	Development	
in	Children	With	Language	
Impairments
The term language impairment (LI) is used to describe 
children who show difficulties in understanding or 
producing spoken language without accompanying 
impairments in hearing, brain damage, or global cog-
nitive delay. Approximately 7 percent of children show 
this pattern. Most, but not all, of these children show 
impairments in phonological processing, or in other 
words, difficulties in perceiving, producing, or remem-
bering the sound structure of speech. Children with 
speech sound disorder are similar to children with LI in 
that they show impairments in speech production and 
phonological processing, but they do not show broader 
oral language difficulties. Children with LI tend to 
show a combination of phonological and grammatical 
language deficits, but the extent to which these difficul-
ties are independent is the subject of debate. Finally, LI 
shows a great deal of overlap with dyslexia, or written 
language difficulties. This overlap seems to be caused 
by common difficulties in phonological development.

Phonological development encompasses speech 
perception and production processes as well as pho-
nological awareness (the ability to reflect on and 
manipulate the sounds in speech) and phonologi-
cal representations (details of the sound structure of 
a word that are stored in memory). Phonology can 
also encompass suprasegmental information such as 

prosody and word stress, though these skills have not 
yet been widely investigated in children with LI. As a 
group, children with LI show impairments in phono-
logical awareness and phonological memory tasks. LI 
is also associated with difficulties in speech produc-
tion and perception.

Typically, children with LI show speech errors that 
are characteristic of younger children, such as weak 
syllable deletion (e.g., nana for banana) or cluster 
reduction (e.g., poon for spoon). These errors are gen-
erally thought to simplify complex or unusual struc-
tures (such as consonant clusters or atypical stress 
patterns). Some children show atypical speech errors 
that do not occur in younger typical children (e.g., 
using a favored phoneme to replace multiple dissimi-
lar phonemes or deleting initial consonants). Accord-
ing to Barbara Dodd, these errors can indicate a more 
severe or widespread phonological difficulty.

Historically, researchers and speech–language 
pathologists have differentiated children with speech 
difficulties from children with broader oral language 
difficulties. Speech difficulties are now most com-
monly called speech sound disorder. Children with 
this disorder generally show difficulties in speech pro-
duction and in phonological awareness tasks, and a 
subset show difficulties in speech perception. While 
some children with pure speech sound disorder show 
no additional nonphonological language difficulties, 
many (perhaps most) children with speech or lan-
guage impairment show varying degrees of impair-
ment in phonological and nonphonological language 
tasks, meaning that the distinction between speech 
difficulties and language difficulties may be somewhat 
artificial. It has been argued that these two disorders 
share a common cause in phonological processing 
impairments, though will be accompanied by wider 
oral language difficulties in the case of LI.

Measures	of	Phonology
When considering the nature of a phonological dif-
ficulty, it is useful to use a psycholinguistic framework 
that differentiates input processes (including speech 
perception and spoken-word recognition) from long-
term phonological representations, awareness, and 
output processes (including phonology assembly 
and word production). A child with a phonologi-
cal impairment may have a problem in any one of 
these areas, and one would anticipate that difficul-
ties in an early process such as speech perception 
would have impacts downstream on processes such 
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as phonological knowledge and word production. 
Hence, difficulties in multiple phonological tasks 
could be explained either in terms of a combination 
of multiple weaknesses or in terms of problems at an 
early stage of phonological processing.

Children with LI most commonly show deficits in 
nonword repetition, a task in which a child is asked to 
repeat a nonsense word immediately after an exam-
iner. Deficits in this task are so common in children 
with LI that it has been called a marker task for the 
disorder. Typically, around three-quarters of children 
with LI show nonword repetition scores below the 
10th percentile for children their age.

One possible explanation of why nonword repeti-
tion is associated with LI is that nonword repetition 
indexes a child’s phonological short-term memory, 
which limits the capacity to process and learn new 
words and morphemes. Hence, LI is a consequence of 
deficits in phonological short-term memory. An alter-
native viewpoint is that deficits in nonword repetition 
indicate difficulties in underlying phonological repre-
sentations.

Nonword repetition is a useful task for screening or 
assessment, but it is difficult to interpret in theoreti-
cal terms because it involves skills at multiple stages 
of psycholinguistic processing. In order to repeat a 
nonsense word successfully, a child must perceive 
the speech sounds correctly, hold them in short-term 
memory (which involves support from long-term 
phonological representations), and then assemble 
and produce the nonsense word correctly. In other 
words, a deficit in nonword repetition may provide 
an indication that a child has a problem in some area 
of phonological processing, but it does not allow an 
examiner to know in which area the problem lies.

The	Relationship	Between	Phonological	and	
Nonphonological	Language	Skills
There are varying views of the relationship between 
phonological and nonphonological language skills in 
children with LI. For example, some researchers argue 
that these deficits have the same underlying cause—
deficits in rapid auditory processing. 

On the other hand, many researchers argue that chil-
dren with LI have grammatical deficits that are unre-
lated to any phonological deficits and that these two 
deficits can be independent. One key piece of evidence 
for this comes from genetics studies. While nonword 
repetition and grammatical tasks are both influenced 
by genetics, they are each influenced by different genes. 

Heather Van der Lely describes a group of chil-
dren with grammatical specific language impairment 
(SLI). These children show grammatical skills that are 
more highly impaired than their vocabulary level and 
speech production skills would predict. It is argued 
that these difficulties cannot be caused by phonology 
because these children’s grammatical skills are highly 
impaired, while their phonological impairment is 
minimal. Hence, the existence of these children argues 
against the idea that phonological impairments play a 
necessary causal role in LI.

However, this view is at odds with the associations 
between phonological and grammatical measures 
seen in the literature. Typically, moderate correla-
tions (approximately r = 0.45) are seen between non-
word repetition and measures of syntactic processing. 
When population samples of children with LI are 
examined, approximately half of those with gram-
matical impairments also show significant phonolog-
ical impairments and vice versa. There is also recent 
evidence that even children labeled by Heather van 
der Lely as having grammatical-SLI show additional 
phonological impairments.

A third view is that difficulties in phonological pro-
cessing can cause grammatical difficulties. The most 
important task in early language acquisition is to 
accurately map speech sounds onto the information 
intended to be conveyed by those sounds. This is known 
as the word-to-world mapping problem. In order to 
solve it, children must break up the speech stream 
appropriately and learn which segments of speech link 
to which aspects of the external world. Effective pro-
cessing of speech is therefore crucial to decipher spo-
ken language accurately. This is particularly true when 
learning morphological and syntactic information. 
Irrespective of the abstract grammatical knowledge a 
child might have, the only way that he or she can learn 
that, in English, the number of the subject is important 
in marking present tense (I walk and he walks), but not 
past tense (I walked and he walked), is through careful 
attention to the phonological information conveyed 
in speech. Hence, deficits in phonological processing 
could cause difficulties in mapping between phono-
logical information and semantic, morphological, and 
syntactic information. There is supporting evidence 
from connectionist modeling showing that deficits 
in speech perception could indeed cause the types of 
grammatical errors shown by children with LI.

It is important to highlight that this theory does 
not argue that the difficulty of acquiring a specific 
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morpheme is solely dependent on the phonological 
salience of that morpheme but on the importance of 
phonology in discovering that morpheme’s function. 
Morphemes that map clearly to information in the 
visual world (such as plurals) could trigger a search 
for verbal information, while morphemes that do not 
have a clear visual referent (such as tense or argument 
structure of verbs) would require a higher level of 
phonological sensitivity to detect.

Clearly, there remains a high level of debate about 
the relationship between phonological and nonpho-
nological skills in LI. Given the heterogeneity of the 
disorder, it is likely that there are multiple causal path-
ways leading to difficulties. However, recent research 
indicates that it is crucial to consider the potential 
interactions between phonological and grammatical 
deficits in developing causal hypotheses.

The	Relationship	Between	Language		
Impairment	and	Dyslexia
Phonological awareness and phonological processing 
skills are also very commonly impaired in individu-
als with dyslexia. In addition, there is a high degree 

of overlap between LI and dyslexia (up to 50 percent 
of children with LI also meet criteria for dyslexia in 
some clinical samples), prompting many researchers 
to question whether dyslexia should be considered a 
special case of LI. There are many different ways in 
which dyslexia and LI could be related. Most simply, 
there could be a difference in severity of impairment, 
where children with dyslexia show a milder version 
of the impairment shown in LI (Figure 1a). An alter-
native is a two-dimensional model in which children 
with LI have both phonological and grammatical 
impairments, while children with dyslexia have only 
phonological impairments (Figure 1b). However, the 
presence of children with LI who do not show read-
ing difficulties argues against both of these expla-
nations. Alternatively, some researchers argue for a 
componential model (Figure 1c), in which grammati-
cal impairments in isolation cause LI, phonological 
impairments in isolation cause dyslexia, and the com-
bination causes combined LI and dyslexia. Finally, 
Bruce Pennington and Dorothy Bishop argue for a 
multiple deficit view of dyslexia and LI (Figure 1d). 
While both disorders share a common deficit in terms 

Figure	1   Relating dyslexia and language impairments

a) The severity model

c) The componential model

b) The two-dimensional model

d) The multiple deficits model
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of phonological skills, in both cases a disorder would 
only occur if it were accompanied by other deficits—
processing speed in the case of dyslexia and grammat-
ical impairment in the case of LI.

Examination of research in this area suggests that 
either the componential view or the multiple deficits 
view provides the most complete explanation of the 
deficits seen in LI and dyslexia. However, it is likely 
that even these models still significantly oversimplify 
the relationship between the disorders. For example, 
they overlook the significant correlation between 
phonological and grammatical skills and the role 
played by the severity of each impairment. On aver-
age, children with LI and no literacy impairments 
still show mild phonological impairment, and chil-
dren with dyslexia but no LI show mild difficulties on 
language tasks such as sentence recall, thought to tap 
grammatical knowledge. The complexity of this rela-
tionship clearly requires further research.

Conclusion
Phonology is a complex area, and we do not yet under-
stand the full extent of the role it plays in LI. However, 
we can say that children with LI very commonly show 
nonword repetition impairments as well as deficits in 
speech production, phonological awareness, and in 
many cases speech perception. Children with speech 
sound disorder tend to show difficulties in speech 
production and phonological awareness, but these are 
not accompanied by broader oral language difficulties, 
while in the case of LI, both phonological and gram-
matical impairments are typically seen. There are mod-
erate correlations between phonological and grammat-
ical skills in children with LI, but researchers differ with 
regard to the extent to which they believe these two 
skills are causally related. Further longitudinal research 
is needed to examine this question. Finally, there is a 
high degree of overlap between LI and dyslexia. This 
seems to be due to the phonological impairments 
that are shown in both disorders, but the relationship 
between the two disorders remains uncertain.

Julia M. Carroll
University of Warwick
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Phonological	Processes	in	
Lexical	Development
Children simultaneously acquire the sounds and the 
words of language. The sound system is referred to as 
phonology, whereas the collection of known words is 
called the mental lexicon. The learning of these two 
elements of language is tightly coupled from the very 
beginnings of language development. Specifically, the 
sounds a child can produce influences the words he 
or she learns. Moreover, phonology and the lexicon 
continue to influence one another even later in devel-
opment with phonological characteristics affecting 
learning and memory.

In infancy, children practice the sounds in their lan-
guage through babbling. This sets the stage for spoken 
language. In terms of lexical development, an infant’s 
speech production skills exert a powerful influence on 
word learning. In particular, the sounds in an infant’s 
first words reflect the sounds in babble, such that 
there is continuity between the phonology of babble 



 Phonological Processes in Lexical Development 465

and first words. Moreover, in controlled experiments, 
infants more readily learn to produce new words con-
taining sounds in their babble than words containing 
sounds that are excluded from their babble. This effect 
is only observed when production of the new words is 
used as the outcome measure. When comprehension 
of the new words is used as the outcome measure, no 
effect of infant phonology is observed. That is, infants 
are able to learn to comprehend new words composed 
of sounds in their babble and new words composed of 
sounds excluded from their babble equally well. Taken 
together, this set of findings supports the conclusion 
that the infant’s phonological knowledge, as observed 
in babble, constrains lexical development.

Beyond infancy, less attention has been paid to 
the influence of sound production on word learning. 
Instead, the focus turns to how other properties of 
the sound system influence lexical development. Two 
properties that have been extensively studied are pho-
notactic probability and neighborhood density. Pho-
notactic probability refers to the likelihood of occur-
rence of legal sound sequences in the language. Thus, 
certain permissible sound sequences are common in 
the language (e.g., pat in English), whereas others are 
rare (e.g., shove in English). Phonotactic probability is 
correlated with neighborhood density. Neighborhood 
density is the number of words in a language that are 
phonologically similar to a target word. In terms of the 
correlation, common sound sequences tend to have 
many neighbors (e.g., pat has 26 neighbors), whereas 
rare sound sequences tend to have few neighbors (e.g., 
shove has four neighbors). In terms of lexical devel-
opment, preschool children tend to learn new words 
composed of common sound sequences with many 
neighbors more rapidly than new words composed of 
rare sound sequences with few neighbors. Just as in 
infant word learning, phonological similarity facili-
tates word learning by preschool children. The differ-
ence between the infant and preschool findings lies in 
the type of similarity. For infants, similarity is defined 
relative to the infant’s own phonological system. For 
preschool children, similarity is defined relative to the 
language system generally.

Although correlated, phonotactic probability can 
be differentiated from neighborhood density. When 
differentiated, phonotactic probability and neighbor-
hood density have unique effects on word learning, and 
these effects are consistent across the life span. Specifi-
cally, infants, preschool children, and adults learn rare 
sound sequences more readily than common sound 

sequences. In contrast, infants, preschool children, and 
adults learn words with many neighbors more read-
ily than words with few neighbors. Importantly, these 
effects appear at different points during learning, with 
the phonotactic probability effect being clearer during 
early stages of learning (e.g., after a few exposures) and 
the neighborhood density effect being clearer during 
later stages of learning (e.g., after many exposures or 
after training has been discontinued). An emerging 
theory is that unique (i.e., rare) sound sequences may 
more easily be detected as new words that need to be 
learned, facilitating learning at early stages. Thus, pho-
notactic probability may be critical in differentiating 
new from known sound sequences. In contrast, making 
connections with many other already-known words, 
as would occur for words with many neighbors, may 
strengthen the mental representation of the new word, 
facilitating later-stage learning and long-term reten-
tion. In this way, neighborhood density may be critical 
in understanding how new words are integrated with 
already-known words and how this impacts long-term 
learning and retention.

A final critical area of research is the role of pho-
nological working memory in word learning, which 
has been extensively studied by Alan Baddeley, Susan 
Gathercole, and colleagues. Spoken language is tran-
sient. Consequently, when learning a new word, a per-
son must hold the ephemeral spoken sound sequence 
in temporary storage while a new representation is 
created in the lexicon. This temporary storage for 
sound sequences is referred to as phonological work-
ing memory. Working memory has a limited capacity. 
Importantly, certain types of stimuli are more easily 
held in working memory. 

For example, common sound sequences and words 
with many neighbors are held more accurately in work-
ing memory than rare sound sequences and words with 
few neighbors. Thus, the previously described word-
learning findings may be partly attributable to the 
interplay between working memory and word learning. 
That is, sound sequences that are held more accurately 
in working memory will likely result in the creation of 
a more accurate representation in the mental lexicon, 
facilitating learning of that word. In this way, working 
memory contributes to understanding which types of 
words are easy or difficult to learn. Moreover, people 
vary in phonological working memory, potentially 
accounting for individual differences in word learning. 
In fact, deficits in phonological working memory have 
been implicated as causing or contributing to language 
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deficits in children with language impairments. One 
particular working memory task, nonword repetition, 
is strongly related to vocabulary development and 
word learning. Across the life span, people who achieve 
higher scores on nonword repetition tasks tend to have 
large vocabularies and learn new words more rapidly 
than people who attain lower scores on nonword rep-
etition tasks. Therefore, people who can more accu-
rately hold sound sequences in working memory will 
construct more accurate representations in the mental 
lexicon, allowing them to rapidly acquire new words 
and amass a large vocabulary.

Holly L. Storkel
University of Kansas

See	Also:	Early Word Learning; Lexical Development; 
Phonological Development; Phonological Development 
in Children With Language Impairments; Phonological 
Templates; Verbal Working Memory.

Further	Readings
Baddeley, Alan, Susan Gathercole, and Costanza Papagno. 

“The Phonological Loop as a Language Learning 
Device.” Psychological Review, v.105/1 (1998).

Gathercole, S. E. “Nonword Repetition and Word 
Learning: The Nature of the Relationship.” Applied 
Psycholinguistics, v.27 (2006).

Stoel-Gammon, C. “Relationships Between Lexical and 
Phonological Development in Young Children.” Journal 
of Child Language, v.38 (2011).

Storkel, H. L. “The Mental Lexicon of Children With 
Specific Language Impairment.” In Handbook of 
Psycholinguistic and Cognitive Processes: Perspectives in 
Communication Disorders, J. Guendouzi, F. Loncke, and 
M. J. Williams, eds. New York: Psychology Press, 2011.

Phonological	Templates
Phonological templates are idiosyncratic child pro-
duction patterns typically developed in the period of 
single-word use and often maintained or further devel-
oped through the first months of word combination, 
after which they fade out of use. When a child attempts 
to say an adult word that fits a vocal pattern that he or 
she has already practiced, either in babbling or early 
words, the word form is selected (i.e., attempted at 
least partially on phonological grounds, although the 

selection is unconscious or implicit). When the child 
attempts adult words whose forms fall outside of prac-
ticed patterns, he or she may adapt the forms to fit his 
or her pattern or template. Reliance on such a tem-
plate typically results in many of a child’s word forms 
becoming similar but also less like the adult target.

The first identifiable words that a child produces 
are generally relatively accurate (selected). Segments 
may be omitted, such as word-final consonants or 
one member of a consonant cluster or diphthong, 
or substituted (e.g., stop for fricative), but the linear 
sequence and length in syllables of the target is gener-
ally retained in the child form. Accordingly, the ear-
liest target words are themselves simple in structure, 
limited largely to stops, nasals, glottals, glides, and 
open syllables—that is, to the phonetic elements most 
often found in babbling (e.g., baby [pεpε] or [bæpæ], 
hi [haι], and bang [ba]). These first words appear to 
be learned as separate items unrelated to one another, 
and they generally include the most frequently and 
consistently produced consonants of the child’s con-
temporaneous babble. The selection of such words 
to attempt early on can be taken to reflect the child’s 
implicit sensitivity to the match between his or her 
existing vocal patterns and an adult word frequently 
used in situations of high interest.

Once the child has established an output lexicon of 
10 to 50 words or more, he or she may attempt more 
challenging adult word forms by generalizing one or 
more of the patterns that occur in his or her early 
words. Here, rather than drawing on the experience of 
a match, the child projects his or her own well-prac-
ticed output routine onto adult words that require a 
more or less radical adaptation (metathesis, or reor-
dering of segments; consonant harmony, or assimi-
lation across different syllables or word positions; 
and syllable omission) if they are to be accommo-
dated within the child’s system. For example, T. M. S. 
Priestly reported in his classic 1977 study that, having 
accumulated an expressive vocabulary of more than 
100 words, his son began to produce disyllabic words 
with codas (consonant [C] and vowel [V]) CVCVC 
according to the template <CVjVC>: for example, 
peanut [pijat] and tiger [tajak]. Because the trajectory 
is from early accurate to later less accurate words—
with a later return to accuracy (after four months, in 
Priestly’s study)—the development follows the same 
kind of U-shaped curve often seen in the acquisition 
of morphology. This has been interpreted as a process 
of systematization or first phonological organization.
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The process underlying the development of a tem-
plate can be understood in at least two ways. On the 
one hand, we can see the child as working from an 
internal schema abstracted away from his or her expe-
rience of actually producing any given word. On the 
other hand, we can conceptualize the process as the 
simple extension of a motoric routine or procedure 
in which the child’s intent to repeat a familiar adult 
word triggers the motoric readiness or motor mem-
ory that has successfully achieved word production in 
previous experience. Under either interpretation, the 
template permits further word learning and use with-
out exceeding the child’s existing phonetic or motoric 
resources, and indeed the existence of such a readily 
available production routine can support attention to 
and memory for increasing numbers of words. Fur-
thermore, the experience of attempting a wider range 
of adult word forms may stimulate the development of 
new, more complex phonological patterns, even while 
the child’s existing patterns continue to constrain his 
or her output. The child’s discovery of the power of the 
template—the increased flexibility in word production 
afforded by the freedom to adapt adult word forms to 
existing production resources—has often been taken 
to result in more rapid lexical learning, but this has not 
been demonstrated in quantitative terms.

The use of templates cannot readily be established 
for all children, nor can the timing of template use be 
predicted by age or lexical or syntactic advance. On 
the other hand, the templates used are similar, both 
within and across languages: Children everywhere are 
constrained by the same limitations on articulation, 
speech planning, and memory for segmental strings in 
a time of rapid lexical advance. The challenges include 
within-word changes in consonantal place or manner, 
vocalic or consonantal sequences, and words of more 
than two syllables. However, frequency of occurrence 
and rhythmic or accentual patterning in the adult lan-
guage also shape templates: Whereas English templates 
are typically monosyllabic and may include diph-
thongs or codas, in most European languages, disyl-
labic templates with open syllables are characteristic. 

The templates arrived at by children learning 
languages with iambic accent or medial geminates 
often neglect the onset consonant, which is omitted 
(<VCV>) or assimilated to the medial consonant (har-
mony). Finally, either consonantal or vocalic melodies 
(labial first, coronal second, and low first vowel fol-
lowed by higher second vowel) may characterize tem-
plates. As template use has so far been investigated in 

only about 100 children learning a dozen of the world’s 
6,000 or more languages, much remains to be learned 
about these early stepping-stones to phonology.

Marilyn Vihman
University of York
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Play	and	Its	Role	in	
Language	Development
Play forms the foundation for language learning. 
From early childhood to old age, people use language 
to understand, communicate, negotiate, and actively 
participate in the world around them. Early language 
skills are also central to later academic achievement. 
How do people learn language, and how do they so 
quickly transition from babies with no language to 
preschoolers with thousands of words and a gram-
mar? The rich literature from cognitive and social 
development suggests that one platform that sup-
ports this growth might come through child’s play. 
Although each approached constructivism differently, 
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intellectual giants like Jean Piaget and Jerome Bruner 
shared a fundamental reliance on play as a context for 
learning. Indeed, Piaget went as far as stating, “Play 
is the answer to how anything new comes about.” 
Thus, the importance of play on child development 
is not a new insight. More recent work on the inter-
play between play and language builds on these ideas. 
Researchers are investigating how language play pro-
motes not only vocabulary and grammar but also 
other cognitive skills. This entry offers a comprehen-
sive overview of language play—from babbles and 
coos, to symbolic play, to more complex forms of 
language play. Different types of play contexts will be 
reviewed and related to language development, lead-
ing to contemplations and future directions.

In a recent chapter from the Oxford Handbook for 
the Development of Play, Gordon Burghardt outlined 
five qualities of play that are generally accepted across 
programs of research. The first addresses the nature of 
playful behaviors as not fully functional. While play 
can serve a purpose, it is not expressly intended to meet 
an immediate survival need. Second, play is joyful and 
voluntary. Third, play is often exaggerated. As Angeline 
Lillard highlights, eating and pretending to eat look 
very different in character. For example, a mother’s 
motions are faster during pretense than in the corre-
sponding real-life actions, with actions in the pretend 
context only approximating those of real life. Fourth, 
play often consists of repeated elements across time, 
allowing researchers to distinguish play from explo-
ration. Fifth, play may only emerge when children’s 
immediate physical needs are met. Despite this over-
arching and generally agreed-upon definition, find-
ing criterial features of play has been (and remains) a 
source of dispute. Play remains what philosopher Lud-
wig Wittgenstein referred to as a fuzzy concept that is 
not only somewhat elusive but that unfolds across a 
number of types (e.g., object play and symbolic play) 
and formats (e.g., guided play and pretend play).

How	Children	Play	With	Language:		
Vocal,	Object,	Symbolic,	and	Pretend	Play
The importance of play on language development 
is witnessed even before children produce their first 
words. Even before they begin to babble with con-
sonant–vowel syllables, infants engage in a kind of 
vocal play, defined as melodies and rhythms encom-
passing gurgles, coos, hiccups, and screeches. These 
playful vocalizations allow the infant to move beyond 
reflexes and random actions to babbling and later 

language production, and may facilitate early types 
of social play between infants and their parents and 
caregivers.

Parents’ timely and reciprocal responsiveness to 
vocal play has been linked with later language devel-
opment and the onset of the vocabulary spurt. John 
Locke offers a comprehensive overview of the ways 
in which vocal play shapes child language and paren-
tal responses. This early play is not done in solitude. 
For example, the phonology of infant babbling can 
be shaped by caregiver responses that are contin-
gent upon the child’s vocalization. When caregivers 
respond to infants’ communicative bids, expectations 
of reciprocity begin to take root. For example, research 
has shown that, by 5½ months, infants expect that 
parents will respond to their vocalizations. When the 
parent failed to do so during an interaction in which 
parents were instructed to maintain a still face and 
not respond, infants demonstrate an extinction burst, 
or temporary increase followed by a rapid decrease in 
vocalizations when the parent stops responding. This 
burst is thought to reflect the infant’s expectation that 
vocalizations should regain their parent’s attention. 
Importantly, the magnitude of an infant’s vocaliza-
tions in response to their nonresponsive caregiver has 
been shown to be predictive of their language com-
prehension eight months later. These early reciprocal 
exchanges lay the foundation for the later give-and-
take structure of dialogue. Additionally, children’s lan-
guage skills benefit when caregivers mirror children’s 
rhythmic vocalizations and follow, rather than lead, 
in their interactions. Infants who are not yet walking 
or even crawling play with those around them using 
their early vocalizations.

During object play, young children transform the 
way they treat and talk about objects (e.g., banging 
a pot). Michael Goldstein and his colleagues dem-
onstrate that certain moments with object play can 
foster language growth. When infants vocalize while 
engaging in object play, their grunts and proto-words 
may signal a state of heightened attention, which is 
an ideal context for the caregiver to provide a lan-
guage label. Caregivers who offer labels in response 
to infants’ object-directed vocalizations have toddlers 
with higher vocabularies, as measured by the MacAr-
thur-Bates Child Development Inventories (CDI), 
several months later. How children play with objects 
also impacts how they think about and define object 
categories. If children play with objects in a way that 
incorporates a characteristic of that object, they will 
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then use that feature to define that category and name 
that object. How they play thus determines the way 
they map words onto to world.

A key accomplishment of Piaget’s sensorimotor 
period is symbolic understanding. Language is inher-
ently symbolic, and children must learn that sounds 
correspond to objects in the world (i.e., /däl/ cor-
responds to her stuffed companion). Studies of chil-
dren’s early symbol use suggest that play and language 
development go hand in hand. In particular, symbolic 
play with objects (e.g., having a block stand in as a car 
during play) correlates with toddlers’ language growth. 
In a longitudinal study assessing play and language 
skills, children’s symbolic play at 13 months predicted 
the number of different semantic categories (e.g., 
agent or action) that children spontaneously used at 
20 months. This was true even when controlling for 
the size of children’s productive vocabularies. Research 
also shows that, the larger a child’s vocabulary, the 
more likely he or she is to engage in symbolic play. 
Language supports play and play supports language.

Throughout early and middle childhood, language 
itself can serve as a play domain. Early language play 
supports fundamental aspects of language acquisi-
tion. Nursery rhymes are often characterized by allit-
eration and rhythms, both of which support language 
development by promoting phonological awareness, 
the idea that language can be broken into pieces. 
For example, old Mother Hubbard lives in a cupboard 
has the feel of iambic pentameter, and the rhyme 
between Hubbard and cupboard feeds into children’s 
phonological awareness. Children often play with the 
addition or deletion of syllables or words in joyful 
interactions with caregivers and peers in early child-
hood. Young children show an affinity for singing 
songs, which heightens their attention to rhyme and 
alliteration, and by middle childhood, they engage in 
other traditional forms of language play including 
jokes and sarcasm.

Language play continues to serve as an engine for 
cognitive growth—building perspective taking and 
children’s verbal memory as well as encouraging 
them to practice speaking. As their language becomes 
more sophisticated, short, three-word sentences give 
way to narratives where kings and queens watch 
knights travel over moats. Aside from introducing 
new vocabulary and points of view, researchers like 
Ageliki Nicolopoulou, Catherine Snow, and Katherine 
Nelson suggest that these narratives become a scaffold 
for building more-complex language structures while 

interpreting the world through a cultural lens. Playful 
narratives set the stage for a kind of decontextualized 
language that will enrich not only further language 
use but also early reading. Indeed, researchers like 
Kathleen Roskos, James Christie, and Donald Richgels 
look directly at the relationship between narratives 
and reading and offer data to suggest that teacher talk, 
storybook reading, and alphabet games, among other 
experiences, are essential teaching strategies that rein-
force later language competence.

Play	Contexts
Pretend or dramatic play, in which children not only use 
symbolic play to interact with objects but also include 
others in their imaginary worlds, has been linked to a 
number of cognitive advances beyond language. When 
two children pretend to play house, they must negoti-
ate roles (“I’ll be the mom, you the baby”), take con-
versational turns while playing, take the perspective 
of the other character, and self-regulate according to 
the demands of the characters they play. Language is 
a tool for accomplishing these goals. During pretend 
play episodes with peers, children seamlessly navigate 
between talk in character as part of the pretense and 
out-of-character comments used to establish and sus-
tain the pretense context. The latter is referred to as 
meta-communication and includes instances as when 
a child reminds his or her peer to stay in character. 
Recent reviews suggest that dramatic play is one con-
text that bolsters vocabulary development.

Not all types of playful contexts foster language 
growth in the same way. Research distinguishes 
between free play situations in which there is little-
to-no direction from a parent, guided play in which 
an adult follows a child’s lead but also scaffolds and 
structures the play to incorporate curricular goals, 
and structured play in which there are extrinsic goals 
that limit the play situation (e.g., putting a block 
castle together in a certain way). Recent work com-
paring free, guided, and structured play with blocks 
found that parents used more spatial language during 
guided play situations than in free play. Parental lan-
guage incorporated into guided play likely contributes 
to the development of cognitive skills. Four-year-olds 
have been shown to learn more about the proper-
ties of geometric forms when they are taught with a 
guided play pedagogy rather than didactic instruc-
tion or free play. As Kelly Fisher and her colleagues 
demonstrated, children taught with guided play more 
readily transfer their learning to new instances of 
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the concept. Critically, language was the vehicle for 
instruction in both the guided and didactic condi-
tions; they differed only in how children’s playful 
engagement was enlisted. This suggests that language 
can be more powerful when presented in certain types 
of playful interactions.

Future	Directions
Jerome Bruner highlights the importance of play 
on development and suggests, “The most compli-
cated grammatical and pragmatic forms of language 
appear first in play activity.” Play and language have 
had a long and rich history together, yet many ques-
tions remain. As Angeline Lillard emphasizes, many 
of the current studies of play and its relation to cog-
nition lack the kind of methodological rigor that 
allow examination of the mechanisms that might link 
play and outcomes. More research is needed to fully 
understand how playful learning supports language 
development. The current crop of studies on guided 
and free play offers a window onto that new research. 
Only recently has the study of the science of learning 
started to expand upon the foundational work link-
ing play and language to investigate the mechanisms 
that support this established relationship. The field 
of language development provides many examples of 
the positive outcomes that are promoted by increased 
play across physical, social, and linguistic domains.
Continued research examining the impact of play 
contexts on language growth will help us to under-
stand relationships between play and other abilities 
such as reading, math, and spatial learning that are 
mediated by language competencies.

Jennifer M. Zosh  
Penn State University, Brandywine
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Pointing
Pointing is one of the most basic forms of directing a 
person’s attention to aspects in the world relevant to 
one’s thinking. Although the sign itself does not carry 
any meaning, pointing enables meaningful commu-
nication between a sender and recipient, irrespective 
of a shared language. Pointing is a uniquely human, 
cross-culturally shared activity. It precedes the acqui-
sition of language in a predictive manner and provides 
infants with a means to engage in preverbal referential 
exchanges with others. Aberrant development is rare 
and often both a symptom and source of pervasive 
developmental disorders. Pointing sits at the cross-
roads of communication, cognition, and language 
and represents one of the most significant milestones 
in infant development.
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The pointing gesture emerges on average around 11 
to 12 months of age, with individual variation in the 
onset ranging from 9 to 15 months. Observational and 
experimental research has investigated when, why, and 
to what infants point and what infants understand of 
others’ points. In the 1970s, Elizabeth Bates conceptu-
alized pointing as entailing a causal understanding of 
means–end relations, reflecting infants’ tool-use stage 
of Piagetian sensorimotor development. She distin-
guished two types of uses that she saw in developmen-
tal continuity to performatives underlying later speech 
acts: proto-imperative, in which the infant uses the 
adult as a tool to obtain an object; and proto-declar-
ative, in which the infant uses the object as a tool to 
obtain adult attention. Subsequently, the debate has 
been whether infants’ pointing is a cognitively rich 
behavior, entailing theory of mind abilities and cooper-
ative motives underlying later-developing cooperative–
communicative use of language and cultural creation 
or, alternatively, whether infants’ pointing is a lean 
behavior reflecting an egocentric activity of the child.

In delineating rich and lean interpretations, three 
main questions have been addressed: 

• Do infants intend to communicate with 
others when they point—or is pointing an 
individual (private) activity? 

• Do infants want to refer others to something 
when they point—or do they only want to 
elicit attention to the self? 

• Do infants point for social reasons—or 
egocentrically to pursue their individual 
activity?

Following Ulf Liszkowski, Michael Tomasello, and 
colleagues, experimental research has revealed multi-
ple layers of intentionality underlying infants’ point-
ing. From around 12 month of age, when infants point, 
they have and understand communicative intentions, 
they have and understand referential intentions, and 
they have and understand social intentions. Regarding 
communicative intentions, infants point, for exam-
ple, less when a recipient cannot see their pointing. 
They also follow a person’s point less if they do not 
intend to communicate. Regarding referential inten-
tions, infants persist in their reference and repeat their 
pointing when a recipient has misunderstood the ref-
erent. Further, they point to occluded objects and they 
point to empty places to refer to missing items habit-
ually located there. Infants comprehend referential 

intentions of points to occluded objects and to empty 
places of absent objects. Regarding social intentions, 
several motives have been identified: informative 
pointing means infants point to help a person find 
or notice something relevant to that person’s search 
or desire, expressive pointing means infants point 
to align and share attitudes and experiences, and 
requestive pointing means infants point to request or 
invite someone to help them obtain objects. Infants 
also point to obtain information, but it is currently 
unclear whether infants intend to elicit information 
pertaining to a recipient’s inner relations to a refer-
ent (as in expressive pointing), to object-inherent 
generic information (interrogative pointing), or to 
both. Infants comprehend different social intentions 
based on act-accompanying features and preceding 
shared common ground and modify their responses 
accordingly (e.g., bringing objects, taking objects, and 
looking at objects).

Infants’ pointing is developmentally related to 
an explicit verbal theory of mind around age 4 and 
involves practical, nonverbal theory of mind skills in 
the second year of life. For example, if a person holds 
a false belief about an object’s changed location, and 
this is relevant to his or her acting, infants will provide 
unsolicited information to correct or warn her. This 
type of proactive helping by pointing reveals a pro-
social motivation underlying infants’ early referential 
communication. Pointing is frequently accompanied 
by vocalizations, which also distinguish infants’ social 
intentions. It is related to vocabulary and syntactic 
development. During the one-word stage, infants often 
combine words and points. The combination of dis-
tinct elements of meaning (e.g., point to cup and say, 
“Drink”) is predictive of the two-word stage. Pointing 
is rarely combined with representational gestures.

Apart from isolated anecdotal reports, humans 
are the only species who point for each other. Insti-
tution-based great apes can learn to point for coop-
erative human keepers, but their pointing differs from 
infants’ pointing on several levels: Apes only point to 
obtain things, not to share or inform others, and they 
refer only to present (or occluded) but not to absent 
items. Unlike infants, apes do not point from afar but 
approach desired items as close as possible and will 
take them when accessible. Infants and their caregivers 
point across a variety of different cultures in one and 
the same context, beginning around the same broad 
age range, and their pointing is correlated from early 
on. Sociocultural differences in interactional settings 
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relate to the onset of index-finger pointing. Regard-
ing the origins of pointing, selective observations from 
diary studies have been interpreted to support the idea 
that infants point initially noncommunicatively and 
then communicatively, as first suggested by Wilhelm 
Wundt and Lev Vygotsky (but see Jerome Bruner). 

Experimental research suggests a primacy of 
social–interactional practices and social–cognitive 
skills in the origins of the index-finger pointing ges-
ture. The onset of index-finger pointing appears to be 
sudden but is preceded by social–cognitive develop-
ments and other interactional behaviors, including 
showing gestures and open-handed points. Other 
culture-specific ways of pointing, like lip- or chin-
pointing, or pointing taboos, emerge after infancy. 
The absence of expressive pointing is an indication of 
autism spectrum disorder. In children with Williams 
syndrome, pointing develops after the onset of lan-
guage. For deaf, home-signing children, pointing is a 
pivotal means of communication.

Ulf Liszkowski
University of Hamburg

See	Also:	Autism and Language Development; Cultural 
Learning; Gestures in Communicative Development 
(Overview); Home Sign; Joint Attention and Language 
Development; Language Learning in Nonhuman Primates; 
Perspective Taking in Communication; Referential 
Communication; Social Foundations of Communicative 
Development; Speech Acts; Symbol Formation; Theory of 
Mind and Language Development.

Further	Readings
Bates, E., L. Camaioni, and V. Volterra. “The Acquisition 

of Performatives Prior to Speech.” Merrill-Palmer 
Quarterly, v.21 (1975).

Carpendale, Jeremy I. M. and Ailidh B. Carpendale. “The 
Development of Pointing: From Personal Directedness 
to Interpersonal Direction.” Human Development, 
v.53/3 (2010).

Franco, Fabia and George Butterworth. “Pointing and 
Social Awareness: Declaring and Requesting in the 
Second Year.” Journal of Child Language, v.23 (1996).

Iverson, J. and S. Goldin-Meadow. “Gesture Paves the Way 
for Language Development.” Psychological Science, v.16 
(2005). 

Kita, Sotaro, ed. Pointing: Where Language, Culture, and 
Cognition Meet. Hillsdale, NJ: L. Erlbaum Associates, 
2003.

Liszkowski, U. “Using Theory of Mind.” Child 
Development Perspectives, v.7 (2013).

Tomasello, M., M. Carpenter, and U. Liszkowski. “A New 
Look at Infant Pointing.” Child Development, v.78 (2007).

Pragmatic	Development
Pragmatics is a branch of linguistics concerned with 
speech use, to be distinguished from syntax and 
semantics that deal, respectively, with the form and 
meaning of sentences. Its major domain of inquiry is 
context-bounded language use. Studies of pragmatic 
development are wider in their definition of pragmat-
ics, including all communicative uses of language in 
social situations; their concern is with how children 
acquire the knowledge necessary for the appropri-
ate, effective, rule-governed employment of speech in 
interpersonal situations. Children need to learn how 
to use language in such a way that one’s own com-
municative goals are achieved without giving offense 
or causing misunderstanding. Studies of pragmatic 
development address questions regarding the age of 
onset of particular skills, the processes by which these 
skills are acquired, the factors that influence the speed 
and order of acquisition, and individual differences 
in pragmatic skill. From the rather heterogeneous list 
of topics addressed in the field of pragmatic develop-
ment, this entry discusses deixis and other context-
bound linguistic devices, speech acts, antecedents of 
speech act production, indirect communicative strat-
egies and other polite forms of speech, nonliteral lan-
guage, humor, genre and code switching, organization 
of conversations and other conversational skills, nar-
rative, clarification requests, evidential markers, clari-
fication requests, presuppositions, and implicature.

Mastery	of	Deixis	and	Other	Context-Bound	
Linguistic	Devices
Among components of pragmatic skill, the most basic 
is the mastery of deictic elements. Most linguists see 
language as an autonomous system of fixed sym-
bols and abstract rules for their lawful combination, 
defined independently of their possible contexts of 
use. Speech use is necessarily incorporated into for-
mal linguistic theory in cases when conditions of use 
have a direct effect on the structure or meaning of sen-
tences. For instance, linguistic expressions that point 
to contextual information, rather than symbolize 
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context-independent abstract concepts, exist in every 
language. These expressions are the deictic or indexi-
cal elements of language: pronouns and demonstra-
tives such as he, they, this, and that; proper names such 
as John and Springfield; locatives such as here or there; 
temporal terms such as today or tomorrow; and verbs 
like come, go, bring, and the like. Because these expres-
sions receive different interpretations in different 
contexts of use, the meaning of a sentence containing 
them is not absolute but relative to its situated use. 
To deal with such context-dependent linguistic enti-
ties, linguistic theory proper is complemented by a 
separate pragmatic component dealing with indexical 
or deictic expressions. To this component belong also 
certain aspects of discourse structure, such as rules 
governing definite reference and anaphora.

The acquisition of deictic terms such as pronouns 
and deictic locatives reflects the operation of prag-
matic factors in the acquisition of indexical forms. 
Deictic forms are among most children’s early words. 
E. V. Clark summarizes the research findings by sug-
gesting that most children use I, you, here, there, this, 
that, come, and go by their third birthday and more 
complex deictic verbs such as bring and take a few 
months later. At the first stage of development, use 
is not yet according to the full adult meaning, and 
it takes until around the age of 5 to master the full 
contrast of here and there and this and that. The com-
plete adult meaning of come and go and bring and take 
is acquired even later. In addition, D. Matthews, E. 
Lieven, A. Theakston, and M. Tomasello found co-ref-
erencing errors in pronoun use by children. However, 
in a seminal paper, R. Charney suggested that even 
the immature forms of personal pronoun usage dem-
onstrate that children have adopted the person–role 
hypothesis, according to which pronoun use requires 
identification with the stance of language users they 
have heard using the terms.

A. L. Campbell, P. Brooks, and M. Tomasello inves-
tigated 2½- and 3½-year-old children and found that 
the main factor influencing their use of pronouns as 
referring expressions is the immediately preceding 
discourse; for example, their use increased when chil-
dren were answering a general question such as What 
happened? in a situation involving an unambiguous 
referent that had previously been named. Importantly, 
children did not use pronouns more when the adult 
modeled a pronoun rather than a noun for the target 
object or when they wished to avoid a difficult noun. 
These findings suggest that, already at this young age, 

children use pronouns to refer to already-established 
definite referents, demonstrating that they have mas-
tered the deictic use of indexical expressions. Other 
studies on this subject were done, for example, by E. 
Bates, N. Budwig, P. T. Chen, P. A. Hornby, B. Mac-
Whinney, J. M. Meisel, D. Price, and J. van Kampen.

Development	of	Speech	Acts
The pragmatic component of language includes the 
direct effect of speech use on the form of sentences. 
This implies that children have to learn how to use 
language properly in order to make statements, to ask 
questions, to request, to greet, to refuse, and so on; 
these are the so-called illocutionary speech acts of A. 
K. Austin and J. Searle. Speech acts are explicit com-
municative acts for which a speaker accepts to be held 
accountable. The sentences serving to carry out these 
acts often possess overt linguistic marking for their 
function, such as the imperative grammatical mood 
for requests and the interrogative mood for ques-
tions, performative sentence structure (e.g., I hereby 
pronounce you man and wife), prosodic markers, and 
so forth. In other cases, when communicative intent 
is not marked by explicit linguistic markers, the form 
of the utterance is often shaped by the conventions of 
the linguistic community, such as the use of the Can 
you do X? question form for indirect requests.

The verbal mastery of different speech acts mono-
tonically increases with age, according to studies by 
P. Dale, A. Ninio, and C. Snow. The earliest types of 
speech acts mastered by children deal with establish-
ing and maintaining a state of joint and shared focus 
of attention; speech acts functioning in action negoti-
ations arise next, with acts serving discussions follow-
ing. There are many recent studies on the development 
of speech acts in a variety of languages, for instance, 
M. Rivero is studying development by Spanish- and 
Catalan-speaking children, T. Cameron-Faulkner and 
T. Hickey are studying Irish- and English-speaking 
children, and J. Zhou is studying Mandarin-speaking 
children. Other languages investigated include Dutch, 
German, Hebrew, Italian, Japanese, Korean, Roma-
nian, and Turkish. 

Antecedents	of	Speech	Act	Production
Directly relevant to the development of linguistic 
expression of speech acts is the roots of such skill 
in preverbal communication and early transitional 
forms of speech. J. Bruner and colleagues in a series of 
studies identified and described a class of interactive 
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formats and routines within which various early 
speech acts emerge; for instance, the game of peeka-
boo that supports the acquisition of a verbal turn 
of saying boo as part of this game. According to the 
Brunerian model, the ability to carry out dyadic and 
triadic communication by any means is a precondi-
tion to pragmatic development in infancy.

M. Legerstee and D. Matthews studied the emer-
gence of various modes of speech from communica-
tive events in the first year of life, emphasizing the 
sharing of emotions and attention of infants with 
their caregivers at the start of preverbal communica-
tion. A seminal study was carried out by E. Bates and 
colleagues, identifying as the roots of linguistic social 
communication two kinds of prelinguistic speech 
acts: proto-declarative and proto-imperative. Proto-
declarative prelinguistic gestures and early utterances 
focus the other’s attention to objects with an intent 
to share the perceptual experience; they are the ante-
cedents of later-emerging statements, questions, and 
other forms of discussion of a joint focus of attention. 
Proto-imperative gestures serve to request objects or 
actions, serving as the antecedents of the family of 
speech acts comprising demands, orders, and the like.

In an influential study, P. M. Greenfield and J. H. 
Smith identified the very earliest type of utterances 
such as bye-bye and ta as pure performatives, follow-
ing J. L. Austin’s conceptualization. Similarly, A. Ninio 
found that, in their earliest utterances, young children 
are limited to meaningful speech acts that are sus-
tained by their own individual and discrete language 
games, such as interjections, vocatives, and moves in 
rituals and in games. Only at a later stage of develop-
ment can children master speech acts such as state-
ments that require symbolic referential expressions 
and contrasts among members of a semantic category.

Development	of	Indirect	Communicative	
Strategies	and	Other	Polite	Forms	of	Speech	
Another aspect of speech use that falls under the 
umbrella of pragmatics are rules of politeness and 
other culturally determined rules for using speech, 
such as the use of honorifics or the correct register of 
addressing different addressees.

Communicative intents can be expressed in many 
different ways, explicit as well as indirect. Perhaps the 
most prominent example is provided by the family 
of directives; it is well known that, apart from explicit 
orders or requests typically couched in the imperative 
mood, there are various indirect ways in which the 

speaker can communicate the wish that some action be 
performed. Speakers may make a statement about their 
own wishes, as in I wish I had a smartphone; they may 
express a preference for some action, as in I would like 
you to leave now; they may express a need, as in I need a 
cup of coffee; or even just describe some state of affairs 
that the listener is meant to understand needs correc-
tion, as in It is freezing in here; if any of these is uttered 
in the right context and with the right prosody, the 
addressee will hear it as a directive. It is clear that chil-
dren need to learn to interpret and generate indirect 
speech acts as well as the more explicit or direct kind.

Most of the developmental work on the acquisition 
of indirect communicative strategies has concentrated 
on indirect requests. In a seminal study of requests 
for action, C. Garvey found that a younger group of 
children at 3 years, 6 months, to 4 years, 4 months, 
already could produce successful indirect requests for 
actions, although an older group at 4 years, 7 months, 
to 5 years, 7 months, produced a larger proportion of 
indirect requests. These children used adultlike strat-
egies for expressing indirect requests, mostly asking 
questions about the addressee’s ability or willingness 
to perform an act. More infrequent strategies included 
questions about the addressee’s reasons for not per-
forming some act, reminders of the addressee’s obliga-
tions, and requests not to forget to perform an act. An 
adult strategy not used by the chil dren was asserting 
a wish for the addressee to perform the relevant act. 
Interestingly, S. M. Ervin-Tripp and D. Gordon found 
that the most prominent form of nonexplicit request 
among 2- to 8-year-old children was the statement 
of the speaker’s need or want, a form not reported by 
Garvey. In an independent study, G. Wells also found 
that indirect requests of the expression of need or want 
type are among the earliest and most frequent reques-
tive forms. This difference may reflect divergent defini-
tions of the domain investigated, with Garvey targeting 
requests for actions and the others directives in general.

It appears that, by an early age, children can vary 
the forms of their requests according to the addressee, 
following rules of pragmatic acceptability. They are 
aware of the desirability of using these indirect forms 
with addressees whose status is higher than theirs. S. M. 
Ervin-Tripp found that, by the age of 2 years, 6 months, 
children use indirect forms more frequently in convers-
ing with adults than with peers. E. A. Levin and K. H. 
Rubin found that, in dyadic interactions with peers, the 
proportion of indirect requests is the same at 4 years as 
at 8 years. These findings suggest that children at a very 
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young age control and respond to two of the basic ana-
lytic dimensions underlying polite behavior: the social 
distance from and relative power of the interlocutor. 

M. Shatz, in a study of the interpretation rather 
than the production of indirect requests, found that 
children as young as 2 interpret indirect requests cor-
rectly as requests for action, instead of responding to 
their overt illocutionary force. For example, a young 
child hearing Do you want to move your skates? does 
not interpret this as a sincere question. Yet, children’s 
judgments of the true intent underlying various indi-
rect forms and of their differential politeness levels 
become more subtle with age.

Politeness rules for speech form an integrated system 
with the societal regulation of interpersonal behavior 
in general. To describe linguistic politeness rules, and 
to study how children are socialized into using them, 
we need to consider the totality of a culture. This is the 
methodology employed by studies such as the work 
reported in a collection by E. Ochs and B. B. Schief-
felin or in studies by S. Blum-Kulka. Most studies of 
how children are taught to speak in pragmatically 
appropriate ways include background information on 
the social structure and familial arrangements of the 
society under study, and many provide information 
about social and personality development, not just 
about issuing directives, selecting forms of address, and 
other such linguistic politeness rules. There are, how-
ever, several dimensions of absolute and relative social 
status—such as social distance, power, and degree of 
imposition—that universally control the use of polite-
ness forms in discourse. To answer the question how 
children are made aware of such factors of polite 
speech behavior, C. E. Snow and colleagues studied 
parent–child interactions in 110 families of preschool-
aged children in the United States. The researchers 
believe that, despite absence of explicit tutoring in the 
rules governing the use of both positive and negative 
politeness strategies, parent–child interaction contains 
sufficient information about the three dimensions of 
social distance, power, and degree of imposition so that 
children can make implicit generalizations about them.

Children’s acquisition of politeness rules has 
been extensively studied in a variety of languages. 
H. J. Ladegaard found no significant sex differences 
in Danish children’s politeness habits, where girls as 
well as boys often used an assertive, unmitigated style 
in their speech. This finding contrasts with findings 
from the United States, Japan, and other cultures, 
where girls were found to be more polite than boys in 

similar contexts. The researcher interprets the varying 
results by different patterns of socialization, empha-
sizing the importance of sociocultural context and 
peer group influence on children’s language as well as 
children’s sensitivity to contextual norms.

There are considerable cross-linguistic differences 
in the linguistic marking of politeness. Unlike most 
Western languages that have a limited amount of 
politeness distinctions, such as polite personal pro-
nouns (vous in French, On and Maga in Hungarian, 
Sie in German, and usted in Spanish) using the third 
person when addressing a listener and sometimes 
taking plural verb forms even when used to address 
a single addressee, Asian languages such as Vietnam-
ese, Korean, and Japanese employ a more complex and 
extensive grammatical system to express formality and 
politeness. For instance, Japanese has at least five lev-
els of politeness, employing special vocabulary items 
and, in particular, honorific forms of verbs. Children 
can use casual conversation forms until their teens, 
when they are supposed to start speaking in the several 
registers of polite manner. Work on the acquisition of 
politeness rules in these languages, for example by P. 
Clancy, S. Ide, Y. Matsumoto, and K. Nakamura, reveals 
that the learning of these elaborate rules is an extended 
process, continuing throughout the childhood years 
and not completely mastered even by adults.

Comprehension	and	Production	of		
Nonliteral	Language
Indirect requests for action are but one type of non-
literal language. Nonliteral language is language that, 
when taken literally, means one thing but is meant to 
communicate something else. Other subtypes are met-
aphor, irony, and sarcasm. Such speech uses require 
pragmatic inferences, which appear to develop later 
than other linguistic abilities. Even older children have 
problems understanding more complicated forms 
of nonliteral language use. For example, 8-year-olds 
have the ability to understand sarcasm on the basis of 
intonation, but in the absence of a sarcastic intona-
tion, they cannot normally use even the most obvious 
contextual cues to figure out what the speaker meant. 
Recent studies of this subject by N. Pouscoulous, G. 
Politzer, A. Bastide, E. Fillipova, and I. Noveck follow 
the slow development of this language skill. 

Humor
Humor is yet another type of nonliteral language. Chil-
dren’s appreciation, comprehension, and production 
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of humor is studied by N. Akhtar, D. K. Bernstein, 
R. Campbell, J. Cunningham, M. Gattis, C. Gill, E. 
Hoicka, A. S. Masten, and others. Research has found 
that, at an age as early as 14 months, children can tell 
the difference between joking, pretending, and sin-
cere or literal communication. Such distinctions rely 
mostly on vocal and facial cues but also on the ver-
bal content of the relevant utterances. What children 
find humorous changes with their ages. Considerable 
correlations are also found with level of cognitive and 
linguistic development.

The	Mastery	of	Genre	and	Code	Switching
Code switching is switching between two or more lan-
guages, or language varieties, in the context of a sin-
gle conversation. Bilingual and multilingual children 
need to learn to choose the appropriate language to 
communicate with different addressees. Children also 
need to learn to change the language register or level 
according to the needs of a listener or the require-
ments of the situation. For instance, they have to learn 
to adapt their speech to the linguistic abilities of their 
conversational partners in several different types of 
interactions: They need to learn to produce baby talk 
(child-directed speech), namely to talk differently to 
an infant or younger child than to an adult; or they 
need to learn to produce foreigner talk that takes into 
consideration the limited linguistic skills of a non-
native speaker. By 4 years of age, older children are 
able to switch to infant-directed speech with infants, 
as has been documented by E. Hoff-Ginsberg and W. 
Krueger and by M. Shatz and R. Gelman. Code switch-
ing in young bilingual children has been investigated 
by E. Bialystok, M. Deuchar, C. S. Genishi, F. Gros-
jean, B. McLaughlin, and J. M. Meisel. This behavior 
is observed very early in bilingual children, as early as 
around 2 years of age, as documented by F. Genesee, 
E. Nicoladis, and E. Lanza.

Children should also learn to adapt their speech to 
the different contexts and requirements of the situa-
tion such as playtime and class time in kindergarten. 
The differing registers of talk are referred to as genres; 
children need to learn not only their native langue 
but also its nuanced subtypes, registers, and genres. 
The correct choice of genre and the timing of switch-
ing between genres is an important part of efficient 
communication. Indeed, it has been documented that 
the context of interaction has a considerable effect on 
children’s choice of vocabulary and on other aspects 
of language structure. Studies on this subject were 

done by E. Hoff, C. E. Snow and colleagues, and oth-
ers. Typically, children use a richer vocabulary when 
engaged in joint book reading with adults than in any 
other type of interaction. Children apparently are 
flexible users of language in the early preschool years, 
able to master several speech genres and switch appro-
priately between them when circumstances require it. 
During school years and later, this skill is honed to 
incorporate a larger variety of genres, languages, and 
contextual adaptations.

Mastering	the	Organization	of	Conversations	and	
Developing	Other	Conversational	Skills
Another topic included in pragmatic development is 
the mastery of the organization of conversations. This 
involves the acquisition of rules that govern turn tak-
ing, interruptions, back channeling, signaling topic 
relevance or topic switch, and so on. Further conversa-
tional skills involve topic selection, topic continuation, 
and topic maintenance. Organizational skills have 
been studied, for example, by J. S. Bruner, B. Dorval, R. 
Charney, C. O. Eckerman, S. Ervin-Tripp, M. A. For-
rester, H. Jisa, K. Kaye, E. Lieven, C. E. Snow, and oth-
ers. It was found that, by 8 or 9 months of age, children 
are quite good at the turn-taking aspect of conversa-
tion, at least in dyadic situations with adult partners. 
With peers, the same pattern of turn alternations only 
appears by about age 3. The method of achieving turn 
taking has been investigated by M. C. Tice and M. C. 
Frank, who studied young children using visual per-
ceptual cues to anticipate turn changing in conversa-
tions. Apparently children as young as 3 years are able 
to utilize such visual and prosodic cues that adults use 
to anticipate the ends of turns in speakers.

The next skill to develop is maintaining a turn, 
namely, holding the floor. Adults tend to protect chil-
dren’s turns, but in peer interaction situations, chil-
dren must learn to hold the floor long enough to fin-
ish their own turns, a challenge that becomes greater 
as one’s playmates become more skilled in exploiting 
opportunities to seize the floor. By about age 4, chil-
dren show some control over the use of devices like 
sentence-initial and, as floor holder, signaling that 
their turn is not yet complete by initiating a new syn-
tactic unit.

In interactions with peers, children are more likely 
to show disruption of turn taking through engage-
ment in private speech. One study of 4-year-olds in 
dyadic interaction showed that almost half the seg-
ments of talk focused on one topic were monologic; 
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however, about half these monologic segments were 
unsuccessful attempts to enter into dialogue.

Children often have difficulty initiating topics of 
talk due to their ignorance of the standard, culturally 
determined list of topics that organizes casual conver-
sation for adults. C. Garvey pointed out that, in the 
absence of clear-cut topics, young children’s conver-
sations often decline into word play, mutual repeti-
tions, or other relatively content-less talk. Topic con-
tinuation, too, in young children may rely on some 
nonadult device such as mutual imitation, ritualized 
variations on each other’s utterances, and sound 
play in order to generate continuous conversational 
exchanges up through age 5.

Under the umbrella of conversational skills, we 
would include also the observance of Gricean maxims 
sustaining the cooperative principle of talk. The phi-
losopher Paul Grice defined four such maxims that 
enable effective communication: (1) the maxim of 
quality, namely, that speakers should be truthful; (2) 
the maxim of quantity, namely, the provision of the 
right quantity of information, not too little and not too 
much; (3) the maxim of relation or relevance, namely, 
that speakers should be relevant and speak to the 
point of the exchange; and (4) the maxim of manner, 
namely, that speakers should be clear and avoid obscu-
rity of expression and ambiguity. M. Eskritt tested 3- to 
5-year-olds to determine the age at which an aware-
ness of Gricean maxims of quality, quantity, and rela-
tion emerges. The results indicated that children were 
initially only successful with the requirement to be rel-
evant. In particular, the 3-year-olds did not seem to be 
aware of the maxim of quantity condition. The 5-year 
olds were better at this task, showing that the full mas-
tery of Gricean maxims continues to be a developmen-
tal task throughout the childhood years.

Children also gradually develop control over the 
linguistic devices used to organize discourse in ways 
that are cohesive and genre specific. Studies on this 
subject have been carried out by E. Bates, D. Hicks, 
M. Maratsos, H. B. Tager-Flusberg, J. G. de Villiers, 
and more.

The	Control	of	Presuppositions	and	Implicature
Presuppositions are implicit assumptions about the 
world or background beliefs relating to an utterance 
and influencing its meaning. Implicature is what is 
suggested by an utterance without explicitly saying it. 
The mastery of presuppositions by young children is 
studied by researchers such as F. Berger, G. DeHart, B. 

Höhle, M. Maratsos, and N. Pouscoulous. Their find-
ings regarding the interpretation of particle-triggered 
presuppositions by young children indicate that chil-
dren as young as 3 years already perform at an adult 
level on such tasks. For instance, children appear to be 
early proficient in the use of discourse particles such 
as too, again, and only, whose semantics and pragmat-
ics is relatively complex.

By contrast, pragmatic inferences appear to 
develop later than other linguistic abilities. Find-
ings by B. Geurts, N. Katsos, I. A. Noveck, and oth-
ers show that children younger than 7 mostly do not 
understand logical implicatures. For instance, young 
children tend to interpret the modal auxiliary might 
as if it implied must, whereas older children come 
to understand the difference between them. Similar 
findings are obtained with regard to metaphor and 
irony, which also require the interpretation of implicit 
meaning. It seems that shared presuppositions are 
pure pragmatic entities, while implications rest more 
centrally on the ability to perform logical computa-
tions. Children appear to be better at pure pragmatics 
than at cognitive reasoning.

Narrative	Development
Narratives are defined as extended discourse forms in 
which at least two different events are described such 
that the relationship between them (temporal, causal, 
contrastive, or other) becomes clear. The develop-
ment of narratives has been studied extensively, in 
part because primitive narratives can be identified 
very early in children’s speech, and by about age 4, 
children can produce fairly complex narratives of sev-
eral different sorts.

K. Nelson studied the development of children’s mas-
tery of scripts. A script is a narrative about what usually 
happens, not about any specific incident. Scripts are 
among the earliest organized narrative forms it is pos-
sible to elicit from children, and it has been proposed 
that they provide a basis for children’s conceptual orga-
nization and event memory. In addition, scripts can be 
seen as a prerequisite to the emergence of real stories 
because the latter report deviations from the normal 
course of events represented in a script.

Personal event narratives include both script-like 
responses to parental queries like What happened in 
school today? and specific anecdotes about exciting, 
frightening, joyful, or otherwise reportable events. 
American children by the age of 4 or 5 typically orga-
nize their stories around a major event, referred to as 
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the high point. S. Blum-Kulka, C. E Snow, J. M. De 
Temple, and D. E. Beals studied young children’s con-
versational storytelling, narratives that are embedded 
within social-interaction structures, such as dinner-
table conversations. Personal event narratives are 
usually scaffolded by adults, who provide conversa-
tional support. A. Sparks investigated parent–child 
reminiscing, identifying the pragmatic aspects mak-
ing possible this kind of talk. For personal experience 
narratives, the interpersonally agreed-upon social 
activity might be reminiscing, instructing, inform-
ing, performing, persuading, and so on. In order to 
successfully provide personal narratives in classroom 
settings, children need to identify correctly the inter-
personal activity being engaged in, as such, in which 
personal reminiscing is appropriate in contrast to the 
more impersonal speech style required in most school 
situations. When children provide disconnected or 
too-short narratives, the problems may derive more 
from a misconstrual of the interpersonal activity 
being engaged in than from a lack of understanding 
of the rules of connected discourse.

Fantasy narratives provide the structure for much of 
children’s play, though early fantasy play often enacts 
scripts (playing house or playing doctor) rather than 
narrative plots. Young children growing up in literate 
cultures are exposed to fantasy or fictional narratives 
through the books their parents read to them as well 
as through television and films. Many children also are 
exposed to fantasy narratives through oral storytelling 
(folk tales, myths, and legends); these narratives are 
designed for entertainment as well as for socialization 
in cultural norms regarding moral and social behavior 
and for education about group history, heroes, religious 
beliefs, and so on. Children certainly borrow elements 
from the fantasy narratives they are exposed to for their 
own play narratives. In American kindergarten class-
rooms, for example, superheroes are a recurrent theme 
in boys’ fantasy play. V. Paley and D. Graves report that, 
in the early school years, children in many classrooms 
are encouraged to produce fantasy narratives, which 
may be dictated to an adult or written in invented or 
conventional spelling by the child, as a transition to 
reading. Other important studies on narrative develop-
ment were carried out by C. Peterson and A. McCabe, 
and by R. A Berman and D. I. Slobin, among others.

The	Acquisition	of	Evidential	Markers
Many languages mark the reliability of speaker knowl-reliability of speaker knowl-
edge or speaker certainty by special morphemes, 

particles, and verb forms. T. Matsui, P. McCagg, Y. 
Miura, D. Wilson, and T. Yamamoto study the acqui- and T. Yamamoto study the acqui-T. Yamamoto study the acqui- study the acqui-
sition of evidential markers such as sentence-final 
hearsay particles in Japanese. Such epistemic particles 
are acquired early, by children as young as 3 years old. 
Certainty and evidentiality are encoded in Japanese 
both in such high-frequency, closed-class, sentence-
final particles and also in low-frequency, mental-state 
verbs. The research results suggest that children are 
able to make use of information encoded in the sen-
tence-final particles earlier than information encoded 
in verbs and that understanding of speaker certainty 
precedes understanding of quality of evidence.

The	Acquisition	of	Clarification	Requests
Children do not produce clarification requests until 
about 2 years of age. A. Ninio found in two Hebrew-
speaking samples that these are among the last types of 
communicative intents mastered by the children. C. E. 
Snow and colleagues found that child-initiated requests 
for clarification did not emerge reliably in an American 
sample until 20 months. Child-initiated requests for 
clarification during the age range 14 to 32 months were 
both relatively rare and quite unsophisticated in form, 
mostly consisting of Huh? or What? or their Hebrew 
equivalents, namely, requests to repeat the utterance 
(rerun requests). Slightly older children also repeated 
part of an utterance with questioning intonation. By 
32 months, children initiated many more clarification 
sequences but with formal means that were still mostly 
limited to huh, what, and repetition. More sophisti-
cated forms of requests for clarification and confirma-
tion are acquired only later than 3 years of age.

Children must also learn to respond appropriately 
to adult requests for clarification, which they hear 
from an early age in response to their own uninter-
pretable utterances. Again, children comprehend 
rerun requests earlier than they are able to answer 
specific queries about parts of utterances. Clarifica-
tion and confirmation are apparently difficult prag-
matic skills to master, probably because of their meta-
interactive nature. Children are better at acquiring 
pragmatic skills when these concern the regulation of 
ongoing interaction; meta-communicative skills such 
as clarification of utterances require a distancing from 
the context, which proves to be difficult at the earliest 
stages of development.

Anat Ninio
Hebrew University of Jerusalem
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Prediction	in	Language	
Learning,	Role	of
Predictive language processing is the activation of 
upcoming linguistic input before it is encountered by 
the language user. Such pre-activation may arise from 
various information sources and mechanisms such as 
simple associations, statistical learning, or priming 
mechanisms but also from more active forecasting 
mechanisms. Theories about the role of prediction in 
language learning differ in their emphasis on experi-
ence-based mechanisms, on the role of the language 
production system, and the importance of inferential 
and context-dependent mechanisms relying on dis-
course and event information. Experimental evidence 

in support of each of these three major approaches 
has been collected, which suggests that only a combi-
nation of these mechanisms can account for all facets 
of prediction in language learning. Effects of literacy 
on language-mediated prediction suggest that predic-
tion not only plays an important role for learning but 
also that increased language experience enhances pre-
dictive language processing. Traditionally, prediction 
has been thought to play only a minor role during 
language understanding because of the vast possibili-
ties available to the comprehender as each upcoming 
word is encountered. However, the accumulation of 
experimental evidence for the anticipation of linguis-
tic and nonlinguistic input over recent years has led 
to suggestions that prediction is a fundamental char-
acteristic of the functioning of the human mind in 
general and of language processing in particular. 

Experience-Based	Approaches
Many approaches to predictive processing rely heav-
ily on the experience accumulated by language users. 
Connectionist models such as simple recurrent net-
works, for instance, have been used to simulate lan-
guage learning. Predictive processing, using associa-
tion-based learning principles, is a key characteristic of 
such models. According to J. L. Elman, such networks 
can learn to make predictions by approximating the 
conditional probabilities of succeeding chunks. Infor-
mation about distributional constraints on the context 
in which particular chunks occur causes the recurrent 
network to learn representations that correspond to 
syntactic and semantic categories. Moreover, recurrent 
networks are able to encode long-distance dependen-
cies (e.g., the dependencies that occur in wh– ques-
tions and relative clauses) and to generalize to novel 
instances. Recurrent networks thus detect predictive 
dependencies, and learning occurs as a consequence.

A related approach has been suggested by  
S. McCauley and M. H. Christiansen. They view lan-
guage production and comprehension as a single sys-
tem that is based on a single set of statistical infor-
mation and representations. Syntactic knowledge is 
assumed to build up steadily through abstraction 
over multi-word sequences. Transitional probabilities 
are used to chunk words together as incoming utter-
ances unfold. These stored sequences are thought to 
underlie both comprehension and production. The 
distributional information embedded in the chunks 
employed during production is used to predict 
upcoming language input during comprehension.
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In general, statistical learning approaches of pre-
dictive language processing focus on the notion that 
language learners are skillful in detecting statistical 
relationships in the input. Evidence for this comes 
from a study by J. R. Saffran, R. N. Aslin, and E. L. 
Newport. They presented 8-month-olds with a con-
tinuous spoken sequence of multisyllabic words from 
a nonsense language (i.e., golabupabikututibubabu-
pugolabubabupu). The only cues that could be used 
to segment the words and detect word boundaries 
were the statistical properties of the syllables in the 
sequence. The 8-month-olds were found to be able to 
discriminate words such as golabu and pabiku from 
sequences that crossed word boundaries, such as 
bupabi. Thus, 8-month-olds were observed to detect 
boundaries of spoken words without obvious acous-
tic cues. Similarly, with regard to syntax, J. R. Saffran 
argues that predictive dependencies (e.g., that the or a 
is usually followed by a noun) allow language learn-
ers to acquire abstract structure. Dependencies in 
linguistic phrase structure are thought to be detected 
by the learner and used to establish word sequences 
that cluster into phrases. Such a learning process then 
leads to a modulation of subsequent analyses result-
ing in the accentuation of syntactic relations within 
phrases as well as dependencies between phrases.

Language learning therefore appears to be at least 
to some extent a consequence of predictive process-
ing. A study by R. K. Mishra, N. Singh, A. Pandey, and 
F. Huettig suggests that the converse may also occur: 
Prediction may be a direct consequence of learning. In 
their study, Indian adults with either very low or high 
proficiency in reading were presented with simple spo-
ken sentences containing the name of a target object 
(e.g., door) while they were looking at a visual display 
containing the target object (the door) and three unre-
lated objects. The spoken sentences were constructed 
so that participants could use semantic, syntactic, and 
associative information to predict the target object. 
High literates but not low literates showed anticipa-
tory eye movements to the target object. These data 
suggest that literacy is an important mediating factor 
for the fine-tuning of anticipatory mechanisms. Con-
sistent with this notion are findings by A. Borovsky, J. 
L. Elman, and A. Fernald, who observed that children 
age 3 to 10 with relatively high vocabulary knowledge 
were faster to anticipate target words than children 
with lower vocabulary knowledge. Literacy thus may 
be a proxy for experience. Better readers have more 
experience with written language, and reading, in 

turn, supports experience-based mechanisms such as 
word associations or featural restrictions that narrow 
down the possibilities for upcoming input.

Production-Based	Approaches
Other approaches to predictive language process-
ing ascribe a major role to the language production 
system. Language learning is a direct consequence of 
predictive language processing, according to F. Chang, 
G. Dell, and K. Bock. Their dual-path model includes 
a meaning system and a sequencing system that 
converge on a word output layer to ensure the right 
timing of the production of words consistent with 
the intended message. The meaning system involves 
the binding of concepts and event roles and may be 
related to the spatial system (similar to the what and 
where systems in vision), which is consistent with 
observed strong links between spatial and language 
processing. The sequencing system is an error-based 
learning mechanism. Syntactic abstractions needed 
for the production of sentences are thought to arise 
from learners’ predictions about upcoming words. 
Learning occurs when the model’s production-based 
predictions are compared against utterances gener-
ated by others. Prediction error will result in adjust-
ments to the system that generated the predictions.

Pickering and Garrod also assume that much of 
predictive language processing involves information 
used during language production. They suggest that 
listeners use forward production models and covertly 
imitate speakers to predict the speaker’s upcom-
ing utterances. These predictions by simulation are 
assumed to be impoverished representations rather 
than fully implemented production representations. 
Prediction by simulation, they argue, is comple-
mented by an association route, which estimates the 
probability of a word being uttered based on the lan-
guage user’s experience of speakers’ utterances. 

M. J. Pickering and S. Garrod proposed that predic-
tion by association may play a more important role 
than prediction by simulation, when comprehenders 
and producers are quite different (i.e., when an adult 
and a child converse). N. Mani and F. Huettig presented 
evidence that the language production system is indeed 
involved in the mechanisms underlying prediction in 
language comprehension. In their study, 2-year-olds 
heard sentences spoken by an adult speaker, such as 
The boy eats a big cake or The boy sees a big cake, while 
looking at two-object displays (e.g., a cake and a bird). 
The average 2-year-old anticipated and looked at the 
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target object before it was mentioned when the sen-
tence contained the semantically constraining verb 
(eats), but not when it contained the neutral verb (sees). 
Crucially, toddlers’ anticipatory eye movements were 
significantly correlated with their productive vocabu-
lary size. Children with large production vocabularies 
but not children with small production vocabularies 
showed evidence for prediction. This finding suggests 
that production-based prediction mechanisms are 
already important in early development.

Discourse	and	Event-Based	Approaches
Knowledge about events is also thought to be an 
important characteristic of predictive processing 
because events tend to reoccur and show regulari-
ties and thus are likely to be an important organizing 
principle of past experience. R. Metusalem, M. Kutas, 
T. P. Urbach, M. Hare, K. McRae., and J. L. Elman 
investigated whether event knowledge is immediately 
accessible during online language processing and a 
major determinant of predictive language processing. 
Adult participants read three-sentence passages that 
described typical events (e.g., A huge blizzard ripped 
through town last night. My kids ended up getting the 
day off from school. They spent the whole day outside 
building a big snowman/jacket/towel in the front yard.). 
Contextually anomalous words related to the described 
event, such as jacket, elicited a reduced event-related 
brain potential (ERP) N400 amplitude compared to 
equally anomalous words that were unrelated to the 
described event (e.g., towel). Additional experiments 
and analyses of the data suggested that the effect was 
not due to simple priming or word associations (i.e., 
between blizzard and jacket). The authors took these 
findings to argue that discourse information and event 
knowledge are likely to drive anticipatory processing.

A study conducted by A. Kukona, S.-Y. Fang, K. 
A. Aicher, H. Chen, and J. S. Magnuson directly con-
trasted the effect of local priming with the effect 
of event-based sentence context on anticipation of 
upcoming input. Their participants heard active (sub-
ject–verb–object) sentences that included verbs such 
as arrest (Toby arrests the crook) while they were look-
ing at visual scenes that included verb-related agents 
(e.g., a policeman) and patients (e.g., a crook). Par-
ticipants showed anticipatory fixations to both agents 
(the policeman) and patients (the crook), although 
the agent role had already been filled (Toby). In 
other words, they observed effects of simple priming 
(arrest–policeman), although it conflicted with event 

knowledge (namely, that typically crooks get arrested 
and not policemen). Findings such as these suggest 
that multiple mechanism accounts are required to 
provide a complete picture of the pre-activation of 
(potentially) upcoming linguistic input. The respec-
tive contributions of the multiple mechanisms for 
anticipatory processing in general and the role of 
these mechanisms for language learning in particular 
remain to be determined. For instance, it is likely that 
the importance of particular mechanisms driving pre-
dictive processing during language learning depends 
on the particular linguistic or situational context.

Falk Huettig
Max Planck Institute for Psycholinguistics

See	Also:	Alignment (Interactive); Associative Processes; 
Auditory Sequence/Artificial Grammar Learning; 
Bayesian Inference in Word Learning; Chunk-Based 
Language Acquisition; Connectionist Models of Language 
Development; Distributional Knowledge and Language 
Learning; Event Perception and Language Development; 
Literacy Effects on Cognitive Development; Statistical 
Learning.

Further	Readings
Borovsky, A., J. L. Elman, and A. Fernald. “Knowing a 

Lot for One’s Age: Vocabulary Skill and Not Age Is 
Associated With Anticipatory Incremental Sentence 
Interpretation in Children and Adults.” Journal of 
Experimental Child Psychology, v.112 (2012).

Chang, F., G. S. Dell, and K. Bock. “Becoming Syntactic.” 
Psychological Review, v.113 (2006). 

Elman, J. L. “On the Meaning of Words and Dinosaur 
Bones: Lexical Knowledge Without a Lexicon.” 
Cognitive Science, v.33 (2009).

Kukona, A., et al. “The Time Course of Anticipatory 
Constraint Integration.” Cognition, v.119 (2011).

Mani, N. and F. Huettig. “Prediction During Language 
Processing Is a Piece of Cake—but Only for Skilled 
Producers.” Journal of Experimental Psychology: Human 
Perception and Performance, v.38 (2012).

Metusalem, R., et al. “Generalized Event Knowledge 
Activation During Online Sentence Comprehension.” 
Journal of Memory and Language, v.66 (2012).

Mishra, R. K., N. Singh, A. Pandey, and F. Huettig. “Spoken 
Language-Mediated Anticipatory Eye Movements Are 
Modulated by Reading Ability—Evidence From Indian 
Low and High Literates.” Journal of Eye Movement 
Research, v.5/3 (2012).



482 Preferential Looking/Head-Turn Preference Procedures

Pickering, M. J. and S. Garrod. “An Integrated Theory of 
Language Production and Comprehension.” Behavioral 
and Brain Sciences, v.36/4 (2013).

Saffran, J. R., R. N. Aslin, and E. L. Newport. “Statistical 
Learning by 8-Month-Old Infants.” Science, v.274 
(1996).

Preferential	Looking/Head-
Turn	Preference	Procedures
The preferential looking paradigm (PLP) and head-
turn preference procedure (HPP) are experimental 
methodologies employed by researchers to measure 
infants’ and toddlers’ spontaneous looking and listen-
ing behaviors toward visual and auditory stimuli. The 
PLP typically compares infants’ looking times toward 
pairs of pictures presented side by side, while the HPP 
measures the duration of infants’ listening times to 
differing streams of sound. The techniques allow the 
investigation of aspects of early perceptual, cognitive, 
and linguistic development that would otherwise be 
difficult to explore in young infants, such as their abil-
ity to discriminate between stimuli, their natural or 
experimentally induced preferences for stimuli, and 
their knowledge or learning in relation to the stimuli 
presented. Use of the PLP to explore infants’ discrimi-
nation of visual stimuli was first reported by Robert 
Fantz in the 1960s. 

By presenting young infants with a grid of black-
and-white stripes of varying widths alongside uni-
form grey squares matched for luminance, Fantz was 
able to identify developmental changes in infants’ 
visual acuity: While 6-month-old infants were able 
to discriminate stripes of just 1/64 inch in width from 
the grey square, infants less than 1 month were unable 
to distinguish the two stimuli unless the stripes were 
1/8 inch wide. In the same series of studies, Fantz 
reported a preference for face-like stimuli over faces 
with scrambled features in infants of just a few weeks 
old, suggesting that infants are born with, or very 
rapidly acquire, a template for recognizing faces.

The PLP was further developed in the 1980s to 
allow the investigation of young children’s language 
comprehension. In the intermodal preferential look-
ing paradigm (IPLP), infants are seated in front of 
two adjacent displays on which pairs of images or 
videos are presented while an auditory stimulus 

directs the child where to look. Cameras above the 
displays record infants’ eye movements and allow 
the time they spend looking at each to be measured 
off-line. Using this setup, Roberta Golinkoff, Kathy 
Hirsh-Pasek, and colleagues found that 16-month-
old infants looked longer at images of labeled objects 
than at distracter objects when they heard an object 
name (e.g., “Find the cookie!”) and looked longer at 
video clips of matching actions over mismatching 
actions when they heard a verb (e.g., “Which one is 
drinking?”). Numerous studies have since confirmed 
that comprehension of a word or sentence typically 
results in preferential looking toward the display to 
which the word or sentence refers, and researchers 
have exploited this finding to explore the conditions 
that support word learning in the laboratory. 

The HPP, also known as the preferential listening 
paradigm, is used to explore infants’ ability to dis-
criminate pairs of linguistic or nonlinguistic audi-
tory stimuli. In this procedure, developed by Debo-
rah Kemler Nelson and colleagues in the 1980s for 
use with infants of 6 to 12 months, the child is seated 
between two audio speakers. Trials begin when a 
flashing light next to one of the speakers attracts the 
infant’s attention; when the infant turns his or her 
head toward the light, a continuous stream of sound 
is played from that side until the infant looks away. 
Distinct streams of sound are played from the two 
speakers; the duration of infants’ looking toward each 
side therefore provides an index of their interest in 
hearing the two types of stimuli. Using this proce-
dure, Peter Juszcyk and Richard Aslin reported that 
7½-month-old infants listened longer to sentences 
containing words to which they had received prior 
familiarization than they did to sentences containing 
nonfamiliarized words, while 6-month-olds showed 
no preference. This study reveals the age of emergence 
of the ability to recognize individual words within 
continuous sentences, known as speech segmentation 
or word segmentation.

The popularity of the PLP and HPP lies in part 
in their flexibility as research tools. Paradigms based 
on looking time have been used to answer questions 
relating to perceptual, cognitive, linguistic, and social 
development in children from birth to 3 years of age. 
Both procedures can be used to uncover the sponta-
neous preferences infants bring with them to the test 
session, such as a preference for their mother’s face 
over a stranger’s face or for their mother’s voice over 
a stranger’s voice, and both techniques can be used to 
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detect preferences that are induced through familiar-
ization or learned through training in the laboratory. 
A further strength of these paradigms is their objectiv-
ity, in that they allow tight experimental control over 
the stimuli presented and blind (unbiased) coding of 
participants’ looking or listening behavior. However, 
as is often the case with laboratory techniques, some 
researchers criticize these methods for lacking ecolog-
ical validity and question the claims of infant abilities 
that are built on their results. 

Other concerns relate to the unexpected direction 
of the looking preferences sometimes found. In listen-
ing procedures, for example, infants might display a 
preference for either a familiarized or novel stream 
of sound, depending on the precise parameters of the 
study. Nevertheless, the presence of a preference in 
either direction in these paradigms is evidence that a 
difference between the stimuli has been detected, and 
this is generally sufficient for conclusions to be drawn 
in relation to the experimental hypothesis. 

Carmel Houston-Price
University of Reading
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Prelinguistic	Vocalization	
(Overview)
Although children do not produce linguistically mean-
ingful sounds or signs until they are approximately  

1 year old, the ability to produce them begins to 
develop in early infancy, and important developments 
in the production of language occur throughout the 
first year of life. Unless they have a hearing loss, infants 
acquire phonology during their first year. In spoken 
language, the acquisition of phonology consists of not 
only learning to distinguish the sound patterns of the 
adult language but also learning to produce these pat-
terns, which are referred to as prelinguistic vocaliza-
tions. Such sounds gradually emerge during the first 
year of life, beginning with vowel-like coos at 6 to 8 
weeks of age, followed by some consonant sounds, 
then followed by true babbling. By the end of the first 
year, hearing children are typically babbling sequences 
of syllables that have the intonation contour of their 
target languages. Finally, meaningful words are pro-
duced; that is, the onset of speech occurs. 

Such an overview of the early process of spoken 
language acquisition might lead us to question how 
the presence or absence of any experience affects the 
linguistic behavior that infants acquire. In order to 
respond to that, a cross-linguistic approach has been 
taken, which focuses on the chronological develop-
ment of infants in Western nontonal languages but 
also includes information about development of 
infants in other cultures learning different languages. 
Another variation considered is that of infants who 
lack the ability to receive and process auditory input. 
It is well known that the speech abilities of children 
who receive reduced or no auditory input in infancy 
are poor or completely absent. Hearing loss that is 
bilateral and permanent is estimated to be present 
in 1.2 to 5.7 per 1,000 live births. While infants with 
significant hearing loss require therapeutic interven-
tions to develop spoken language, if reared by adults 
who have acquired any form of sign language, they 
usually develop the ability to produce meaningful 
signs by the end of the first year. This strongly indi-
cates that the pattern of early language acquisition in 
the manual mode is somehow equivalent to that in 
the vocal mode. Nonetheless, the question about the 
degree to which they are similar to one another has 
not yet been adequately answered.

Turn	Taking	and	Phonation
One of the major milestones in the early develop-
ment of the production of prelinguistic vocalizations 
is the skill of conversational turn taking. The ability to 
participate cooperatively in shared discourse is fun-
damental to social development in general. A marked 
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increase in vocal turn taking occurs between 12 and 
18 weeks of age. At this age, infants begin to forestall 
vocalization if their mother is speaking and fall silent 
if their mother starts to speak, a practice that inten-
sifies in subsequent months. Vocal turn taking may 
be related to maternal attachment. For one thing, 
infants are more likely to turn off their own voice if 
that increases perceptual access to the voice of a per-
son they want to hear. Moreover, attachment begins 
in earnest when infants’ preference for their moth-
ers’ company is satisfied not just facially but either 
facially or vocally. As the phase in which this happens 
usually begins at about 12 weeks, attachment may 
commence at about the same time as vocal turn tak-
ing. The previous general consensus was that, by the 
time the infant is 8 or 9 months old, the parent and 
the child achieve remarkably smoothly coordinated 
sequences in terms of vocalizations and use of gaze. 
However, it also appears that conversational abilities 
develop in infants much earlier than had been com-
monly assumed.

When a group of 3- to 4-month-old infants expe-
rienced either contingent conversational turn taking 
or random responsiveness in interaction with their 
mothers, contingency was found to alter the tempo-
ral parameters of the infant’s vocal pattern. Infants 
tended to produce more bursts or packets of vocaliza-
tions when the mother talked to the infant in a ran-
dom way. When the infants were 3 months old, such 
bursts of vocalization occurred most often at intervals 
of 0.5 to 1.5 seconds (s), whereas when they were 4 
months old, they took place most frequently at signif-
icantly longer intervals, of 1.0 to 2.0 s. This difference 
corresponded to the difference between intervals with 
which the mother responded contingently to vocal-
izations of the infant at the age of 3 months and 4 
months, respectively. While the intervals (between the 
onset of the infant’s vocalization and the onset of the 
mother’s vocalization) rarely exceeded 0.5 s when the 
infant was 3 months old, they were mostly distributed 
between 0.5 and 1.0 s when the infant was 4 months of 
age. After vocalizing spontaneously, the infant tended 
to pause as if to listen for a possible vocal response 
from the mother, and in the absence of a response, 
vocalized repeatedly. The intervals between the two 
consecutive vocalizations were changed flexibly in 
accordance with the infant’s recent experience of turn 
taking with the mother—a finding that suggests that 
the proto-conversational abilities of infants at these 
ages may already be intentional.

While one of a series of learning processes that 
preverbal infants must undertake to acquire spoken 
language is phonation, the relevant learning occurs 
between 3 and 4 months of life through turn taking 
with caregivers. Around this period, all features of the 
infant’s vocal system change rapidly and dramatically. 
The larynx begins to drop, thus extending the pharyn-
geal length of the vocal tract; the epiglottis becomes 
disengaged from the palate, thus permitting oral reso-
nance and articulation by velar pharyngeal move-
ment. Respiratory control begins to develop with the 
aid not only of neuromotor control but also of skel-
etal repositioning of the rib cage. With these changes, 
infants first come to be morphologically able to pro-
duce prelinguistic vocalizations. 

However, this does not necessarily mean that they 
have the ability to produce prelinguistic vocalizations. 
This accompanies morphological changes, but infants 
still have to acquire the ability. Research shows that 
infants acquire this ability through interaction with 
caregivers: When the adult maintains a give-and-take 
pattern of vocal interaction, the infant’s rate of non-
prelinguistic sound decreases, resulting in a greater 
proportion of prelinguistic vocalizations. On the other 
hand, if infants receive turn taking from adults nonver-
bally, that is, by a nonverbal tsk, tsk, tsk sound, this does 
not affect the prelinguistic to nonprelinguistic sound 
ratio of the infants. Wherein infants are responded to 
verbally by adults, taking turns appears to facilitate the 
infant’s attempt to mimic the speechlike characteris-
tics of the adult’s verbal response. Alternatively, the 
affective nature of turn taking could increase positive 
arousal in the infant, thereby instigating, by conta-
gion, the production of pitch contours contained in 
the adult’s response. Which explanation is more plau-
sible could be examined if hearing mother–deaf infant 
dyads were observed in the same experimental set-
ting at the same age as hearing mother–hearing infant 
dyads. This is an important issue to be investigated in 
studies that would yield information both about com-
munication development in deaf children and about 
language development more broadly. 

Effects	of	Adult	Responses	Upon		
the	Quality	of	Infant	Cooing
In addition to the fact that the timing and quality of 
adult vocal responses affect the social vocalizations of 
3- to 4-month-old infants, the quality of vocalizations 
uttered by infants at these ages is found, in turn, to 
affect the adult. In a study, adults viewed videotapes of 
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3-month-old infants who were engaged in social vocal-
izations. The infants represented each of the six possible 
dichotomous characteristics: vocal quality (prelinguis-
tic and nonprelinguistic vocalizations), physiognomic 
attractiveness (high and low), and gender (female and 
male). When the adults were asked to rate the infant 
on one of two scales of perceived favorableness, con-
sistently strong preferences were found for infants who 
produced prelinguistic vocalizations as compared with 
nonprelinguistic sounds. The experiment was under-
taken both in Canada and in Japan, and its results 
showed robust cross-cultural universality. 

As a next step in the analysis, an attempt was made 
to quantitatively determine the acoustic properties that 
distinguished prelinguistic and nonprelinguistic vocal-
izations. These categories were actually defined percep-
tually, that is, in terms of how the vocalizations were 
perceived by investigators trained to code and count 
the sounds of 3- to 4-month-olds. Thereafter, spectro-
graphic analysis was undertaken on Canadian infants’ 
vocalizations that had previously been labeled as either 
prelinguistic or nonprelinguistic. Results of the spectro-
graphic analysis revealed that the two types of sounds 
are distinguished from one another by two parameters, 
their duration, and the degree of nasality. Similar anal-
yses were performed on Japanese mother–infant dyads 
who were interacting with one another under natural 
circumstances. In this situation, noncry, nonvegetative 
infant vocalizations were independently categorized as 
responded-to or not-responded-to vocalizations. If the 
mother’s utterance occurred within 3 s after the infant’s 
vocalization, the infant’s vocalization was categorized 
as a vocalization that had been responded to. Other-
wise, the vocalization was regarded as not responded 
to. When the same spectrographic analysis was per-
formed, the two types of sounds proved to be acous-
tically distinguished from one another by exactly the 
same parameters as those in the previous analysis on 
Canadian infants, that is, by duration, and degree of 
nasality. This finding suggests that these acoustic prop-
erties actually differentially affect the responses of the 
mother-to-infant vocalizations. 

Furthermore, infant vocalizations that are 
responded to by mothers under naturalistic circum-
stances are also preferred by adult listeners on the 
basis of their acoustic properties alone. Finally, when 
listening to those vocalizations that vary in degree 
of nasality but do not differ in duration, Japanese 
adults perceive less nasal sounds as more favorable; 
hence, adults’ preference for 3- to 4-month-old infant 

vocalizations would appear to be determined largely 
by differences in nasality. Based on this parameter, the 
more favorable impressions awarded to prelinguistic 
vocalization help the adult to maintain conversations 
with nonverbal infants. Because such sounds are more 
prelinguistic, they frame the infant as a potential con-
versational partner, and suggest a phenomenon that 
may be cross-linguistically universal. 

As to the question of whether the quality of prelin-
guistic vocalizations of deaf infants of the same age 
is affected or not by the responses of caretakers, no 
information is available. 

The	Development	of	Vocal	Imitation
After acquiring the phonetic skills to produce prelin-
guistic vocalizations, infants come to learn the behav-
ior of vocal matching, again through turn taking with 
caregivers. Matching occurs with respect to supraseg-
mental features of vocalizations. That is, pitch contours 
of maternal utterances are likely to be mimicked by the 
infants. In order to facilitate the infants’ matching, the 
caregivers make specific efforts when providing con-
tingency with the infants’ spontaneous utterances of 
cooing. When they hear cooing, caregivers are more 
likely to respond nonverbally; they themselves produce 
cooing in response to the infants’ cooing. Moreover, 
cooing produced by the caregivers is matched with 
respect to pitch contour with the preceding coo of the 
infant. Even when the caregivers respond verbally, the 
pitch pattern of the utterances often imitates that of 
the preceding infants’ cooing. Such mimicry usually 
is performed by the caregivers without their aware-
ness. Between 3 and 4 months old, infants seem not 
to be aware of the fact that their own vocal produc-
tion and the following maternal utterance share com-
mon acoustic features. However, around the end of the 
fourth month of life, they acquire the ability to dis-
criminate similarities and differences of pitch contour 
between their own vocal utterance and the following 
maternal response. Thereafter, infants rapidly initiate 
their own attempts at vocal matching by responding 
to the preceding utterances of caregivers.

To analyze the developmental processes underly-
ing vocal behavior in infants, discriminant functional 
analysis was used, which statistically distinguished 
infants’ cooing in response to different types of 
pitch contours evident in maternal speech. With this 
procedure, structural variability in infant vocaliza-
tions across variants of maternal speech was found 
to be characterized by a set of quantifiable physical 



486 Prelinguistic Vocalization (Overview)

parameters. The parameters were those that actu-
ally distinguish the four different types of maternal 
speech with respect to pitch contour: rising, falling 
flat, bell-shaped, and reversed bell-shaped. Attempts 
at cross-validation, in which the discriminant profiles 
derived from one sample of vocalizations are used to 
classify a second set of vocalizations, were successful, 
indicating that the results obtained are not an arti-
fact of using the same data set to derive the profiles as 
used to test reclassification accuracy. More important, 
the proportion of cross-validated vocalizations that 
were misclassified decreased as infants’ ages increased. 
Thus, the discriminant analysis proved effective in 
demonstrating that a statistically significant relation 
develops over time between the acoustic features of 
maternal speech and infant’s vocalizations in response 
to the mother.  

These findings indicate that early prelinguistic 
vocalizations of hearing infants are often unstable 
but acquire stable laryngeal control during the first 
half year. A falling pitch contour is the result of a 
decrease of subglottal air pressure toward the end of 
an infant vocalization, with a concomitant reduction 
in vocal fold tension and length. However, for a ris-
ing pitch contour to occur, an increase at the end of 
the vocalization in subglottal air pressure or vocal fold 
tension is needed; thus, different, purposeful laryngeal 
articulations are required. Between the ages of 4 and 
6 months, speech–motor control develops dramati-
cally in infants, associated with the tongue, mouth, 
jaw, and respiratory patterns, to produce prelinguistic 
vocalizations with distinctively different types of pitch 
contour. Whereas these vocalizations were initially the 
result of the infants’ accidental opening and closing 
of the mouth while phonating, by 6 months of age, 
infants are able to display an obviously contrastive use 
of the different types of pitch contour. The importance 
of motor learning for early vocal development, thus, is 
greater than has traditionally been assumed. 

To address which partner is influencing the other, 
experiments have examined infants’ responses to con-
trolled prosodic features of caregivers’ vocal behavior. 
The results showed that 6-month-old infants are able 
to alter the quality of their responding vocalization 
according to the quality of preceding maternal speech. 
In all, throughout the process of caregiver–infant 
interaction, it is the caregiver who is first influenced 
by the quality of the sounds emitted by the infant on 
their last turn. Such a behavioral tendency to respond 
contingently must be learned, in turn, by the infant. It 

is on the basis of this learning that infants accomplish 
the skill of producing vocal utterances purposefully.

How	Infant-Directed	Speech	Influences		
Infant	Vocal	Development
The purposeful use of one suprasegmental feature of 
vocalizations, namely, pitch contour, plays an impor-
tant role as a means of signaling different commu-
nicative functions before the onset of single words. 
This ability is considered to be one of the earliest 
linguistic features acquired by infants. The intona-
tional envelope itself is among the earliest and most 
basic units of interpersonal signaling in the auditory 
domain. Mothers appear to use rising pitch contour 
in order to gain the infants’ attention and engage 
them in interaction. From early on, infants are sensi-
tive to variations in pitch contour in the speech of 
others, and mothers appear to utilize this sensitiv-
ity; they use considerably more variation in pitch 
contour with young infants than with other adults. 
Furthermore, preverbal infants reportedly produce 
pitch contours that are similar to those of the adults 
around them, with variations in the pitch contours of 
their vocalizations systematically related to context. 
Given this evidence of early use of pitch contour by 
mothers as a means of interacting, early discrimina-
tion and production of pitch contour is the child’s 
first association of language form with aspects of 
meaning. Cross-linguistic comparisons consistently 
report the association of rising terminal contours 
with demanding behavior and of falling contours 
with narratives. Because it occurs in infants whose 
mothers speak a variety of languages, including non-
Western, tonal languages such as Japanese, the phe-
nomenon is regarded as cross-linguistically universal. 

On the other hand, when cooing data collected 
from the same group of infants were analyzed, no 
such significant relationship was found, and the asso-
ciation between the pitch contour of vocalizations 
and the context in which each of them occurred was 
random. Thus, it was concluded that the ability to 
signal communicative functions through pitch con-
tours develops over the first 6 to 8 months of life.  
Furthermore, for infants to acquire the skill, so-called 
motherese (infant-directed speech or child-directed 
speech) characteristics of parental speech also appear 
to play an important part. When adults address 
infants and young children, they tend to modify their 
speech in distinctive ways. Regarding this modified 
speech, literature reports that adult speech to infants 
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is characterized by a higher overall pitch, wider pitch 
excursions, more distinctive pitch contours, slower 
tempo, and longer pauses than in normal adult con-
versations. Cross-linguistic research has documented 
common patterns of such exaggerated features in 
parental speech to infants younger than 8 months 
across a number of European languages and Japanese 
and in maternal speech in Mandarin Chinese. These 
features are thought to serve several functions related 
to language development. 

In particular, the use of exaggerated acoustic char-
acteristics in the early preverbal period had been 
assumed to function primarily to engage the infant’s 
attention and maintain social interaction. Using a 
conditioned head-turning procedure, 4-month-old 
infants were found to turn their heads more often 
toward a recording of female infant-directed speech 
than female adult-directed speech. When Japanese-
speaking mothers were observed when addressing 
their own 6-month-old infants, characteristics of 
higher pitch and wider pitch range appeared in their 
speech, but there was context specificity. It is well 
known that, for a child to engage in joint interaction 
with a parent, considerable interactional support by 
the parent is necessary, especially in the beginning 
phases of joint action. 

Parents have to repeat their attempts to elicit a 
vocal response from their infant for as long as the 
infant remains unresponsive. In initial moves to draw 
the infant’s attention, when the mother attempted to 
start interactions with the infant spontaneously, it was 
hard to find motherese features in her speech. How-
ever, if such attempts were unsuccessful and ignored 
by the infant, the speech of the mother was likely to 
become more exaggerated. The mother then made 
utterances in which pitch shifted upward, and the fre-
quency range was significantly increased. 

Interestingly, when comparing the infant’s 
response to maternal speech having features of 
infant-directed speech with her speech without these 
features, the type of pitch contour of the infant’s sub-
sequent response was predicted from the mother’s 
preceding utterance only when her speech had fea-
tures of infant-directed speech. In the latter case, the 
pitch contour of the infant’s response coincided with 
that of the preceding maternal speech much more fre-
quently than expected by chance. This indicated that, 
when the infants were responding to maternal speech 
that had exaggerated pitch patterns, they tended to 
mimic those patterns, although they tended not to do 

so in response to maternal speech with nonexagger-
ated pitch patterns. 

By presenting exaggerated contours, maternal 
speech could help infants modify their own vocal 
responses. From early on, possibly even at birth, the 
infants are sensitive to such speech. Infant-directed 
speech is an efficient way to provide infants with 
opportunities for vocal practice: It makes use of the 
perceptual sensitivities of infants, and through prac-
tice, infants appear to learn to associate their own 
vocal utterances with distinct communicative func-
tions. The characteristics associated with infant-
directed speech may include modality-free properties. 
In both American Sign Language and Japanese Sign 
Language, it was found that, when communicating 
with their deaf infants, deaf mothers produced signs 
at a significantly slower tempo than when communi-
cating with their deaf adult friends. They tended to 
repeat the same sign frequently by producing multiple 
tokens, and the movements associated with each sign 
were somewhat exaggerated.

The	Onset	of	Babbling
The age of 8 months is a period when prelinguistic 
vocalization in infancy culminates in the sense that 
canonical babbling typically emerges. Unlike the 
sounds that infants produce before this stage, canoni-
cal babbling consists of well-formed consonant–
vowel syllables that have adultlike spectral and tem-
poral properties. By evaluating the syllables in terms 
of the distribution of consonants, vocalization length, 
and phonotactic structure, it was acoustically demon-
strated that there is a significant continuity between 
the sound system of babbling and that of early speech. 
Units present in babbling are utilized later in natural 
spoken language. Production of babbling of this sort, 
such as bababa and dadada, termed canonical babbling, 
marks the entrance of an infant into a developmental 
stage in which the syllabic foundations of meaning-
ful speech are established. Indeed, there is agreement 
that the onset of canonical babbling is an important 
developmental precursor to spoken language and that 
some predicative relations exist between character-
istics of the babbling and later speech and language 
development. 

Longitudinally, hand banging appears to be a criti-
cal indicator of infants’ readiness to reproduce redu-
plicated consonant–vowel syllables, whereas other 
motor milestones show neither delay nor acceleration 
of onset in the same infants. The onset of repetitive 
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motor action involving the hands is chronologically 
related to the onset of canonical babbling. Results of 
meticulous sound spectrographic analyses of multi-
syllabic utterances recorded from four 8-month-old 
infants of Japanese-speaking parents reported that 
utterances that did not co-occur with hand banging 
had a significantly longer average syllable length in 
comparison to utterances that did co-occur with the 
motor action during the same period. Similarly, the 
averaged formant transition duration of the utter-
ance that did not co-occur with hand banging was 
significantly longer than that of the utterance that 
did co-occur with the motor action. 

The results indicate that some acoustic modifi-
cations in multisyllabic utterances take place only 
when they are co-occurring with rhythmic manual 
activity. The fact that the parameters that were modi-
fied when they co-occurred with hand banging are 
essentially those that distinguish canonical babbling 
from earlier prelinguistic vocalizations suggests that 
the acquisition of the articulatory abilities enabling 
the production of canonical babbling is guided by 
such motor practice. For instance, a vocalization that 
can be transcribed as /ta/ would be deemed canoni-
cal if articulated with a rapid transition duration in a 
relatively short syllable but would be deemed nonca-
nonical if articulated slowly. In the latter case, sylla-
bles have been conventionally referred to as marginal 
babbling. 

The onset of canonical babbling in the latter half 
of the first year has been empirically consistent as far 
as typically developing hearing infants are concerned. 
Consequently, the onset was previously speculated to 
be a deeply biological phenomenon, geared predomi-
nantly by maturation and virtually invulnerable to the 
effects of auditory experience or other environmental 
factors. However, the present general consensus is that 
the canonical babbling of infants with severe to pro-
found hearing loss differs from that of hearing infants 
in a number of ways. In infants with hearing loss, the 
onset of canonical babbling is much later (about 11 to 
49 months of age), and the variety of phonemes used 
is reduced. Infants with hearing loss babble less often. 
This is thought to be due to the necessity for auditory 
feedback in acquiring articulatory ability, through 
which the pronunciation of reduplicated consonant–
vowel syllables is made possible. 

Moreover, the transitions between the consonant 
and the vowel are significantly longer in deaf infants 
than in those of normally hearing infants. Such 

findings led researchers of sign language acquisition 
to look for analogues in the manual behaviors of deaf 
and hearing infants who have early exposure to a 
signed language. In research on signing infants’ tran-
sition from prelinguistic gestures to their first signs, 
an analysis of the articulatory variables (analogous to 
phonetic variables) of all manual activity produced 
by deaf infants from 6 months of age and their deaf 
parents (users of American Sign Language) found 
evidence of manual babbling—with linguistically 
relevant units included in a class of manual activ-
ity that was produced in entirely meaningless ways. 
Given that manual babbling precedes the onset of the 
first recognizable signs in deaf infants, just as vocal 
babbling precedes the onset of the first meaningful 
words, suggests that the language capacity manifests 
itself equally as sign or speech in human infants. That 
is, in hearing infants, the ability for vocal and gestural 
language can develop simultaneously and in a similar 
manner, at least during the preverbal period.
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Principles-and-Parameters	
Framework
It is agreed that language has a genetic basis, but 
there is disagreement on what is innate and on 
whether what is innate is domain specific. The prin-
ciples and parameters (P&P) framework holds that 
some domain-specific structural knowledge about 
the form of possible languages is innate or biologi-
cally determined. 

This means that children know that rules of lan-
guages respect structure dependency, that is, that 
syntactic rules do not refer to the position (first or 
second) in a sentence but to a hierarchical struc-
ture with higher and lower elements. This system of 
innate knowledge is called universal grammar (UG) 
and includes principles and parameters. These are 
general, abstract constraints—principles that hold 
in all human languages and are not learned. Param-
eters are switches that are turned on or off; they 
encode aspects of language variation, and their value 
must be learned.

Principles
An example of a principle is structure dependency. 
Evidence compatible with the idea that structure 
dependency is biologically a hallmark feature of lan-
guage comes from a clever experiment in which Ger-
man speakers were taught miniature languages based 
on two unfamiliar languages: Italian and Japanese. 
Participants had to learn some possible rules of these 
two languages and some impossible rules that are not 
attested in the same two languages. The possible rules, 
being rules of the languages, obeyed structure depen-
dency, and the impossible ones were rules that did not 
conform to structure dependency. 

It was found that participants were equally good 
at learning both types of rules in a behavioral task 
in which they had to judge whether a given sentence 
respected the learned rules. However, despite equiva-
lent learning, they displayed some greater sensitivity to 
the possible rules in that they were a bit faster in judg-
ing sentences conforming to possible than to impos-
sible rules. More astonishing, their brain activity, mea-
sured through functional magnetic resonance imaging 
(fMRI), appeared to reveal specific sensitivity to struc-
ture-dependent rules. Similar to the processing of the 
syntax of a first language, Broca’s area was activated in 
the processing of the syntax of a second language, the 

language taught during the experiment, and its activity 
was modulated by the type of rule, with brain activity 
increasing for possible rules and decreasing for impos-
sible ones. That is, Broca’s area seems to have recog-
nized the signature of linguistic rules and responded 
differently to the structure-dependent rules than to 
those that did not respect structure dependency. 

Parameters
UG includes both principles and parameters. We have 
seen a principle and its outcomes. Now, we turn to 
parameters. An example of a parameter is the word 
order, or more technically, the head–complement 
parameter. This parameter formalizes the fact that 
heads, that is, grammatical categories (verb, noun, and 
adjective) take their complement to their right (as in 
English) or to their left (as in Japanese). Thus, in English, 
nominal complements and subordinate clauses follow 
the verb, while in Japanese, they precede the verb. Eng-
lish has prepositions followed by the nominal comple-
ment, while Japanese has postpositions preceded by 
the nominal complement. While parameters are also 
part of UG, their values are learned through exposure 
to the ambient language. This means that humans are 
born with the expectation or implicit knowledge that 
words are put together in a given order, but the specific 
order needs to be established through exposure to the 
linguistic environment. In this domain, too, there is 
evidence for an earlier and pre-lexical sensitivity to the 
head–complement parameter, that is, for the view that 
this parameter can be valued independently of lexical 
items. Specifically, whether the complement precedes 
or follows the head is encoded in the prosodic struc-
tures of phrases: Prosodic prominence is to the right of 
the phrase in head–complement languages and to the 
left in complement–head languages. 

Interestingly, from the age of 2 months, babies are 
sensitive to the relevant prosodic cues and thus in the 
position to set the value of the head–complement 
parameter. Two months is well before children start 
to learn words, and in this respect, infants appear to 
set the value of the head–complement parameter in a 
way that cannot be based on item-by-item learning. At  
9 months, Italian and Japanese infants display opposite 
preferences for word order phenomena that are consis-
tent with the value of the head–complement param-
eter in their language. At 19 months, French-speaking 
children have an abstract representation of the rule 
governing word order in their language. They showed 
this in a preferential-looking study. Children preferred 
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the causative interpretation of a sentence over the 
noncausative interpretation when they heard a gram-
matical subject–verb–object (SVO) sentence. No pref-
erence was observed when they heard a sentence with 
an ungrammatical order (SOV). Given this, it should 
come as no surprise that when children put words 
together, at around 20 to 24 months of age, they do so 
by respecting the word order valid in their language.

Another example of a parameter is the null subject 
parameter (NSP). In some languages, like Italian, the 
subject of the sentence can be omitted, while in other 
languages, like English, it cannot. Therefore, the Eng-
lish sentence I leave tomorrow is translated into the 
Italian sentence parto domani [(I) leave-1-sg tomor-
row], where the pronominal subject I is omitted. The 
NSP, like the head–complement parameter, does not 
encode a single property of languages but a cluster 
thereof holding for different linguistic objects (differ-
ent categories or different structures). Thus, not only 
referential subjects, like the pronoun I, can be omit-
ted, but also pleonastic subjects like it in it rains. Thus, 
in Italian, one says piove [rains]. In fact, in Italian, ple-
onastic subjects do not exist. Another property that 
falls under the NSP is the possibility in Italian, but not 
in English, of placing the subject in a postverbal posi-
tion rather than in a preverbal one.

Interestingly, it has been found that children speak-
ing a variety of nonnull subject languages (French, 
English, Dutch, and German) omit the sentential sub-
jects in their first utterances. Crucially, they do so in a 
different way than their Italian- or Spanish-speaking 
peers (who are exposed to null subject languages). 
They omit much less than Italian- or Spanish-speak-
ing children and essentially only from main declarative 
sentences, while Italian- or Spanish-speaking children 
omit from all kinds of sentences (main and subordi-
nate in addition to declarative and wh questions). This 
indicates that, in spite of surface similarities, omission 
of the sentential subject is different in early null sub-
ject languages and in early nonnull subject languages. 
It also supports the view that the ambient language 
has already shaped the structure of sentences in early 
production, as Italian- or Spanish-speaking children 
omit subjects following the same abstract rule as adult 
speakers of the same languages. These examples offer 
some clues about the role of principles and parameters 
in the process of acquisition.

Under the P&P framework, children acquire lan-
guages guided by UG and in interaction with the lin-
guistic environment. The guidance by UG restricts the 

hypothesis space about what one can expect from the 
environment. For example, one can only expect that 
rules are structure dependent. Among other things, 
the interaction with the environment allows children 
to set the values of parameters. Under the conception 
of parameters described above, once the child has 
discovered that his or her language has the order in 
which heads precede complements, he or she has dis-
covered that fact for all categories; that is, he or she 
does not have to learn this property item by item. If 
there are exceptions and some categories do not con-
form to the order prevalent in the language, these will 
be acquired separately but possibly still on the basis of 
prosody. Similarly, once the child has established that 
the NSP has a positive value, he or she also knows that 
there are no pleonastic subjects and that subjects can 
occur after the verb in his or her language. In other 
words, parameters may have cascading effects. In fact, 
children who learn Italian omit subjects and use post-
verbal subjects. As we have already mentioned above, 
children who learn English omit subjects but in a way 
that is qualitative and quantitatively different from 
the pattern displayed by Italian-speaking children. In 
addition, they do not use postverbal subjects.

Abstract	Representations
The general conception of acquisition outlined in the 
P&P framework holds that children possess abstract 
representations of various aspects of language early in 
life. This does not prevent that some aspects of lan-
guage are acquired on an item-by-item basis. Infants, 
in their first days of life, can discriminate languages; 
they can discriminate their mother tongue from a for-
eign language. One could conjecture that they can do 
so because they have been exposed frequently enough 
to their mother tongue to distinguish it from some-
thing not familiar. 

This explanation is incorrect as babies can also dis-
criminate two foreign languages, after having heard 
some sentences for a short period of time. In order 
to do so, infants must be able to extract some repre-
sentation from the sentences they hear. It has been 
proposed that infants extract a rhythmic representa-
tion including vowels of varying duration and inten-
sity. Earlier in life, this rhythmic representation allows 
infants to discriminate English from Italian, but not 
Italian and Spanish, because the latter two languages 
have the same rhythmic representation. Thus, this 
rhythmic representation cannot be item-specific 
(given sentences) but abstract enough to allow infants 
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to put together certain languages (one of which may 
be the mother tongue and the other a foreign lan-
guage or both foreign languages) and to put languages 
in different classes. 

In other domains of language, children are also 
likely to have abstract representations. For example, 
Italian- or Spanish-speaking children acquire the 
verbal paradigm of the present tense by the age of 2½ 
years; they productively use first-, second-, and third-
person singular forms and also make overregulariza-
tion errors. Italian-speaking children between 2 and 
3 years distinguish the copula be from the auxiliary 
verb be, and they show this through a different pat-
tern of omission. Interestingly, auxiliary be is omitted 
as much as auxiliary have and more than copula be. 
This suggests that children have distinct representa-
tions of be depending on its syntactic role. 

The	Birth	of	a	Language:	The	Case	of		
Nicaraguan	Sign	Language
Thus, in the P&P framework, humans are endowed 
with some knowledge of what a possible language 
looks like, or equivalently, some structural aspects 
of language are biologically determined. A natu-
ral experiment in support of this view is offered by 
the emergence of Nicaraguan Sign Language. In the 
1980s, a community of deaf adolescents attending 
the same school started to communicate by combin-
ing the gestures and elements of their home sign; 
that is, they started to create a language without a 
fully fledged model. The ingredients of this natural 
experiment were deaf individuals’ home signs, their 
mutual interactions, and their biological system. 
What emerged was a form of pidgin, a rudimental 
system of communication, with some properties of 
natural languages but with a lot of idiosyncrasies and 
irregularities. 

The following cohort that entered the school was 
composed by deaf children (as opposed to adoles-
cents); they took the imperfect model provided by 
the first cohort to a higher level of complexity by 
adding features of conventional grammars and turn-
ing it into a fully fledged language. In other words, 
the rudimental system of communication was turned 
into the Nicaraguan Sign Language by shaping it in 
conformity to properties shared by natural sign lan-
guages. Where did this complexity come from? What 
changed from the first to the following cohort was the 
presence of a rudimentary model and the biological 
system of the children (versus that of adolescents). 

But, what really mattered was the second factor: Chil-
dren were crucial in contributing to this leap; adoles-
cents who entered the deaf community at the same 
time as children remained less fluent than children 
and made more errors. Similarly, the previous cohort, 
who provided the imperfect model, did not learn the 
complexity of the new language but continued to use 
their imperfect system. It was the language system of 
children, which was more plastic and flexible, that 
brought about the change. 

Domain	Specificity
As we have seen above, UG encodes some language-
specific properties. This domain specificity has 
received support from cerebral responses to syllables 
in premature babies (three months before term). 
Using functional near-infrared spectroscopy (fNIRS), 
it has been shown that babies’ cerebral responses to 
speech stimuli were similar to those obtained with 
adults; that is, they activated similar regions. In par-
ticular, faster and more sustained responses were 
observed in the left than in the right temporal region, 
and phoneme changes (ba versus ga) elicited dis-
crimination responses in left frontal regions. In other 
words, although the cortical organization of the peri-
sylvanian area subserving speech and language pro-
cessing was not completed at that age, the cortical 
circuitry dedicated to speech processing was already 
functional. It is very unlikely that the environment 
has rapidly triggered the development of those brain 
areas; rather, it seems more plausible that humans are 
endowed with a genetically determined cortical net-
work appropriate to process speech.

The	Limit	of	Variation:	Errors	in	Child’s	Language
This entry stated earlier that UG restricts the hypoth-
esis space, in that children explore avenues that are 
outlined by UG. This role is evident in children’s 
errors. Children make errors that are valid options in 
other languages. Rather than asking a question with 
the following form—Who do you think saw John?—
English learners between 3 and 5 years may pro-
duce questions like this—Who do you think who saw 
John?—in which the extracted element (the subject 
of the embedded clause) is also found in an inter-
mediate position. Although the questions with the 
intermediate who are not correct in English, it is a 
perfectly valid option in Romani and in some variet-
ies of German. Thus, it seems that, in their explora-
tion of the rule space for extracting subjects from an 
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embedded clause, English-speaking children come 
across a rule valid in another language and adopt it 
for some time. 

Children speaking English may also produce ques-
tions like What does he doesn’t like? (rather than What 
doesn’t he like?); that is, they raise the auxiliary do past 
the subject and leave negation after the subject (with 
another instance of the auxiliary do). Interestingly, 
this way of expressing negative questions is attested in 
the Paduan dialect (a language spoken in the north-
east part of Italy). Finally, across languages, subject-
relative clauses are easier to acquire than object-rela-
tive clauses, and subject wh–  questions are easier to 
produce and comprehend than object wh questions. 
In the process of forming an object wh– questions, 
Italian learners resort to passivization. 

That is, they turn an object into a subject question 
by using the passive voice (Who is being chased by the 
lion?). The same happens for relative clauses. Inter-
estingly, there are languages in which only subject-
relative clauses are possible, or only what we would 
call the surface subject can be extracted, for example, 
in Tagalog or Malagasy. To express the equivalent 
of an object-relative clause in these languages, the 
object is first turned into a surface subject and then 
is extracted. In other words, in these languages, a sort 
of passivization is applied to turn an object into a 
subject-relative clause. Thus, Italian learners, in this 
case, exploit an option valid in some typologically 
unrelated languages.

In summary, under the P&P framework, children 
acquire their language guided by UG, which specifies 
the universal properties and the limits of variation; 
that is, it defines the features of a possible language 
as it is dictated by human biology. Thus, pieces of 
domain-specific knowledge instruct the child about 
how to interpret the linguistic environment and to 
discover the rules of his or her language. Typically, in 
this framework, acquisition does not come about on 
an item-by-item basis, but it relies on abstract linguis-
tic representations of various types, which are built 
from the first days of life.

Maria Teresa Guasti
University of Milano–Bicocca
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Private	Speech/Inner	
Speech
Conversing with oneself is a powerful and emancipat-
ing psychological activity that children perform out 
loud and adults perform silently inside their heads. 
The vocalized or externalized form is labeled pri-
vate speech (PS) and is produced mostly by children 
between 2 and 7 years of age and mainly during their 
fantasy play and sociodramatic play. Gradually, chil-
dren transform this personal speech from a simple 
vehicle for spontaneously expressing emotions and 
perceptions into a precision psychological tool for 
imagining, reasoning, planning, and solving practi-
cal problems. Children then learn to abbreviate the 
words and suppress the respiratory component of this 
speech, producing a separate, subvocalized or inter-
nalized form of self-conversation labeled inner speech 
(IS) that is audible only to the speaker. Armed with this 
rapid and silent speech for thinking, children complete 
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their development by bringing IS to bear on practical 
and theoretical problems of all kinds—including the 
task of becoming fluent in their native language.

Historically, awareness of IS dates at least as far 
back as 2,300 years ago, when the Greek philosopher 
Plato described it as an inward and unspoken dia-
logue carried on by the mind with itself for the pur-
pose of logical reasoning. He also correctly perceived 
a close kinship between internal unspoken dialogue 
and external spoken dialogue. We now know that the 
path from interpersonal discourse (and reasoning 
together) to personal discourse (and reasoning indi-
vidually) lies in the process of child development—a 
discovery that was made only within the last century. 

Jean Piaget, the Swiss developmental psycholo-
gist, paved the way for this discovery by publishing in 
1923 the very first account of children talking aloud to 
themselves. He referred to PS as egocentric speech in 
accordance with his theoretical interpretation of it as 
a manifestation of egocentric thinking and cognitive 
immaturity. Piaget did not envision a developmental 
connection between PS and IS but instead suggested 
that self-talk fades away as the psychological opera-
tions underlying it become more socialized. It was 
not until 1935 that Lev Vygotsky, the Marxist devel-
opmental psychologist from Belarus, placed PS at the 
center of his theory of the development of speech and 
thought in children, claiming that, soon after young 
children start to talk, they begin talking out loud to 
themselves—particularly in relation to what they are 
doing or playing. This talk initially serves as a means 
for spontaneously expressing thoughts related to one’s 
activity but soon develops into a means for reflecting 
on thoughts and consciously directing activity.

Vygotsky’s	Theory	of	Thinking	and	Speaking
Vygotsky proposed that the emergence of IS pro-
foundly transforms a child’s mind, reformulating 
biologically inherited or natural cognitive functions 
into cultural activities. Memory and perception, for 
example, begin as physiological activities but gradu-
ally take social forms: Making a shopping list becomes 
the means to remembering grocery items, and imag-
ining atoms and rocket ships becomes the means to 
perceiving aspects of reality not directly visible or 
not yet created. An entirely new psychological system 
based on verbal discourse, logical reasoning, and voli-
tional attention is brought into existence when a child 
develops IS and begins to use it as an instrument to 
take perspectives and to objectively comprehend his 

or her subjective experience of objects, events, and 
social relations. At the center of this transformation 
are words and their meanings. 

Vygotsky theorized that the system of verbal under-
standing through which children comprehend and 
produce speech is initially concrete and practical and 
limited to word meanings that are tied to particular 
contexts of use but, with the help of IS, develops into 
an abstract and theoretical system of understanding 
in which word meanings are generalized and con-
ventionalized, remaining stable and communicable 
across all contexts of use. Development is complete 
when, conceptually, a child’s word meanings coincide 
with the conventionalized concepts characteristic of 
adult word meanings and when, linguistically, his or 
her utterances display the conventionalized speaker–
listener perspectives characteristic of social dialogue 
and communicative competence.

Vygotsky’s theory of child development is best 
understood when considered within his broader con-
cept of human history. According to Sylvia Scribner, 
Vygotsky envisioned human history as following a 
distinctly separate path from that of biological evolu-
tion. Human psychological processes such as volun-
tary attention and logical reasoning are discontinuous 
with elementary, biologically determined psycho-
logical processes, and cannot be explained by natural 
laws. Instead, their roots are to be found in specifically 
human labor activities that follow the laws and regu-
larities of human history. Vygotsky based his socio-
historical analysis of psychological development on 
Frederick Engels’s account of human history, which 
asserts that, as our hominid ancestors became increas-
ingly dependent for their survival on the manufac-
ture and use of stone tools, they inadvertently began 
a process of selective breeding that favored offspring 
with hands better adapted to working with stone tools. 
Later, when words were added to the human repertoire 
of tools, offspring with vocal tracts better adapted to 
producing articulate speech were favored to survive. 
Thus, natural selection gave way to man-made selec-
tion; humans began to create the conditions for their 
own development. Vygotsky refers to this level of anal-
ysis of human history as general history.

The history of an individual child is the second level 
of history that Vygotsky uses in his system of psycho-
logical development. In contrast to phylogenesis, in 
which the cultural line of development displaces the 
biological line, in ontogenesis, both lines of devel-
opment co-occur and are fused. Children grow and 
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develop biologically at the same time as they acquire 
uniquely cultural tools—in particular, speech. Because 
one is not born knowing the rules for exchanging 
speech utterances, the rules must be learned through 
conversational interaction with verbally competent 
adults or older children. Vygotsky recognized that the 
transformation of the biologically based system of 
psychological functioning into a culturally based sys-
tem requires a cultural hand-off from adult to child. 
The fact that the end product of the child develop-
ment process—that is, a competent adult speaker and 
thinker—is already present in the learning situation 
makes the ontogenetic level of analysis stand in sharp 
contrast to the phylogenetic level.

The cultural line of development thus appears 
twice, first at the level of general history and then at 
the level of individual history. Vygotsky called this 
transfer of inter-psychological functioning to intra-
psychological functioning the Law of Cultural Devel-
opment.

Empirical	Support	for	Vygotsky’s	Theory
Many of Vygotsky’s basic hypotheses about PS and 
IS development have been confirmed empirically, 
while others remain virtually untested. Overall, 
research supports several of Vygotsky’s major claims: 
(1) PS is an offshoot of young children’s interper-
sonal speech, (2) it develops during the early school 
years into a mental tool for planning and reasoning, 
and (3) by about 5 years of age, it begins to slowly 
transform through verbal abbreviation and respi-
ratory inhibition into murmured PS and silent IS. 
Robert Duncan and Michael Pratt asked preschool-
ers to perform repeated trials with multiple tasks and 
observed decreases in PS production across trials and 
sessions as tasks became familiar but noted quantita-
tive increases in PS with novel or difficult tasks, par-
ticularly in advance of action, confirming Vygotsky’s 
claim that PS is used for planning and thinking. 

Adam Winsler and his associates studied chil-
dren between 43 and 54 months and found that PS 
became proportionally more task relevant as well 
as more internalized (IS) with age. They also noted 
a decrease with age in the average number of words 
per utterance, a finding consistent with Vygotsky’s 
hypothesis about PS abbreviation. The general pic-
ture of PS development that has emerged in the past 
decade is one of change and stability. Specific features 
of either the task or the contextual setting have been 
shown to sharply influence the content and frequency 

of children’s PS. Nonetheless, stable and reliable indi-
vidual differences in PS usage across tasks, time, and 
settings have been observed. 

Moreover, PS is not just an idle act of narrating 
one’s thoughts during problem solving but, instead, 
develops into an organized and coherent set of ver-
bal strategies that is portable and ubiquitous and that 
empowers children to consciously shape their behav-
ior and personalities and develop their knowledge. 
For example, investigations show that children who 
are consciously aware of their own and other people’s 
PS and IS and of the purpose, utility, and benefits of 
self-talk, tend to focus their attention and perform 
better on cognitive tasks than children who lack this 
awareness and knowledge. In the arena of language 
development, mounting evidence from studies of 
children in referential communication tasks suggests 
that both speakers and listeners use PS and IS to con-
ceptualize the meaning of abstract words from the 
other person’s perspective.

As fascinating as these findings are, Vygotsky’s 
most penetrating claims about PS and IS have yet to 
be tested. Among these are his proposal that words 
and their meanings lie at the very center of the child 
development process, their relationship character-
ized by both unity and conflict. The culturally inher-
ited psychological system of putting ideas into words 
(speaking) and the biologically inherited system of 
associating one idea with another (thinking) are 
united symbiotically in the activity of conversation. 
But, thinking and speaking are also locked in a conflict 
that never abates but does achieve a peaceful coexis-
tence when children discover for themselves that there 
are tacit social conventions for managing the content 
and process of speech. To understand words, children 
need to learn that every word meaning is a concept 
that their ancestors arrived at by reasoning together 
and then assigned to a particular sound. To under-
stand words in conversation, children need to learn 
that every utterance must be adapted to take the lis-
tener’s perspective into account. Thus, with develop-
ment, word meanings become conceptual and speech 
activity becomes dialogical.

The influence of Vygotsky’s theory has already 
reached beyond the confines of the discipline of 
developmental psychology. In education, his theory 
has stimulated research on the relationship between 
teaching and learning and between learning and 
development, as evidenced by the popular use among 
many educators of his notion of the zone of proximal 
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development (ZPD), which describes the psychologi-
cal distance between what a child can accomplish on a 
cognitive task when working alone versus in collabo-
ration with a teacher. There is also growing interest 
in the patterns of PS and IS development in children 
with developmental disabilities, such as externalizing 
behavior problems, attention deficit hyperactivity 
disorder (ADHD), and autistic spectrum disorders, 
as well as among children with special needs, such as 
private signing among deaf children. 

Self-conversation has also been observed in the 
classroom among children and adults learning a sec-
ond language and is increasingly becoming a topic of 
study in adults within the fields of clinical psychol-
ogy, industrial and organizational psychology, and 
sports psychology. And thanks to new and sophis-
ticated behavioral metrics for investigating private 
speech and the application of electrophysiological 
instruments such as the electromyogram, the electro-
encephalogram, and magnetic resonance imaging for 
detecting inner speech, investigators are now poised 
to test Vygotsky’s most intriguing ideas about the 
developmental connection between the flow of con-
versation and the flow of human consciousness.

Peter Feigenbaum
Fordham University
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Processing	Deficits	in	
Children	With	Language	
Impairments
Most children learn their native language with relative 
ease. During the first years of life, children respond to 
the communication attempts of individuals in their 
environment, become sensitive to the word boundar-
ies in spoken language, and begin to connect mean-
ing with verbal forms. Over time, a dynamic language 
system emerges as a result of a continuous interac-
tion between factors intrinsic and extrinsic to the 
child. For a small percentage of children, however, 
language learning does not take place as expected—it 
may be delayed either in onset or growth compared 
to other children at similar stages of development. In 
some cases, there appears to be no explanation for the 
impairment in language learning. 

The affected children have normal hearing, per-
form in the average range on tests of intelligence 
tapping nonverbal information, have adequate edu-
cational opportunities and life experiences, and have 
no medical diagnosis associated with poor language 
development. Such children may be described as hav-
ing a specific language impairment (SLI), a term that 
encompasses historical labels such as developmental 
dysphasia, developmental language disorders, and 
others. The use of the term specific in the label SLI 
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implies that the impairment is 
within the linguistic system only, 
but this may not always be the 
case. Although SLI groups show a 
marked and disproportionate lan-
guage deficit, low performance on 
some nonlinguistic measures are 
reported quite commonly. Indeed, 
considerable heterogeneity is a 
well-recognized feature of SLI. 
Such observations have led to the 
widely held belief that SLI is mul-
tiply determined involving differ-
ent possible underlying deficits, 
to different degrees, and possibly 
resulting in somewhat different 
presentations across individuals.

Information	Processing	and	
Language	Learning
Language learning and everyday language use involve 
the processing of information by the brain at many 
levels. The neural mechanisms supporting language 
learning may be either domain specific or domain 
general. Domain specific refers to the processing of 
material specifically related to language such as ver-
bal information and possibly other sounds. Domain 
general refers to the mechanisms involved in process-
ing verbal and other types of nonverbal information. 
Such domain-general processes may include the vast 
human ability to think, reason, and learn. A schematic 
of the array of brain mechanisms involved in the pro-
cessing of language and other information is depicted 
in Figure 1.

Incoming information is received at sensory recep-
tors throughout the body and transported to the brain 
via neural pathways. Perception of this sensory infor-
mation is achieved when the brain selects, organizes, 
and interprets these signals. Information may undergo 
further conscious processing in the working memory 
system. Working memory actively retains, selects, and 
coordinates further processing of information being 
held in the current focus of attention. In addition to 
incoming information, material from long-term mem-
ory may be activated and held in working memory to 
facilitate processing. Executive processing resources 
related to inhibitory control, planning, reasoning, goal 
setting, and other higher-level cognitive abilities also 
contribute to the processing of relevant information. 
Some information may be processed automatically 

without entering consciousness. For example, we some-
times react to our name being called before becoming 
aware it was called, and we create countless grammati-
cal sentences without having to consider what parts of 
speech to employ.

There are many points along this information pro-
cessing system that are important to the processing 
(and learning) of linguistic material specifically. At 
least in the early stages of life, verbal information is 
received auditorily and relies on the accurate recep-
tion and processing of the auditory signal. A deficit at 
this point would make it difficult to distinguish speech 
sounds, at least under certain conditions. Accurate pro-
cessing of the speech signal would yield a phonological 
(speech sound) form available to be held in working 
memory. This process provides a mechanism for the 
learning of new words. The retention of an unfamiliar 
phonological form in working memory facilitates the 
creation of a representation of that word in long-term 
memory. Impairments in working memory could lead 
to slower learning of linguistic information.

Long-term memory stores hold information and 
procedures we know. Some procedures such as how 
to drive a car or create a complex sentence are learned 
over multiple trials but can be applied automatically 
once learned. As children are exposed to the linguis-
tic patterns available in the language they hear, it is 
likely that particular neural networks or pathways 
in the brain become specialized for processing the 
phonological, grammatical, syntactical, and other 

 

Figure	1   Information processing in the brain
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information available via human communication. 
Once established, these activations can occur rapidly, 
resulting in the effortless comprehension and expres-
sion of language. Specific deficits in processing, for 
example, phonological or grammatical information 
would impair learning of the linguistic rules of lan-
guage. Of course, information access in long-term 
memory is a two-way street requiring both the storage 
and retention of material. While difficulties in stor-
ing information may impair language learning itself, 
retrieval difficulties may impact the ability to rapidly 
comprehend or produce language.

Finally, higher-level cognitive processes involved in 
executive functioning may be particularly important 
in the processing of complex language. One important 
task is inhibitory control, or the ability to attend to 
relevant information and tune out irrelevant stimuli. 
Inhibitory mechanisms help the listener to suppress 
irrelevant meanings and focus on information relevant 
to the task or context. In addition, communicative 
forms such as sarcasm, double meaning, and humor 
require additional processing beyond the surface lin-
guistic form. As a result, limitations in executive func-
tioning may constrain learning related to more complex 
linguistic structures and communicative functions.

Domain-Specific	Processing	Deficits		
That	Impair	Language	Abilities
It is clear from the preceding discussion that deficits at 
different stages in the processing of information may 
impair language learning and use. Some potential 
impairments may lead to a core deficit in learning the 
linguistic rules of language considered a hallmark of 
SLI, while others may impair learning more generally, 
impacting the acquisition of skills in linguistic and 
other domains. Broadly speaking, domain-specific 
processes encompass those mechanisms involved in 
the processing of purely, or largely, linguistic informa-
tion. Consider first, the processes involved in auditory 
perception. Discriminating speech sounds from other 
ambient noise, and from each other, takes place in 
the early stages of processing prior to recognition of 
linguistic forms. A deficit in these fundamental audi-
tory processes has been described as an auditory pro-
cessing disorder (APD). In APD, poor signal quality 
or integrity may impede further processing, but the 
additional mechanisms involved in language learning 
are intact. As such, APD and SLI may be considered 
distinct developmental pathologies, although comor-
bidities do occur.

Phonological processing refers to those processes 
involved in the segmenting and recognition of pho-
nemes in words, encoding and retention of phono-
logical representations, and retrieval and sequencing 
of word forms for output. Phonemes are the small-
est linguistic unit of meaning and form the build-
ing blocks of a language. Indeed, short-term storage 
capacity, the ability to briefly hold a phonological 
form in mind, has been specifically linked to vocabu-
lary growth, and phonological awareness, the abil-
ity to segment and manipulate phonemes, has been 
strongly associated with learning to read. Phonologi-
cal processing deficits including both phonological 
awareness and short-term memory are commonly 
reported for SLI groups.

Despite the consistency of reports of phonological 
processing deficits in SLI, the question remains as to 
whether such deficits can account for the pervasive 
and persistent language impairments that character-
ize SLI. Although a phonological processing deficit 
may result in slower acquisition, acquired phonologi-
cal forms and regularities can support and facilitate 
further learning. For example, in a system with poor 
phonological processing, many repetitions may be 
required to establish the neural response pattern to 
words like holds or wanted, but once acquired, novel 
forms like bolted will activate overlapping response 
patterns and be learned more quickly. It may be that 
phonological processing deficits are one type of pro-
cessing deficit that significantly contributes to the 
impairment in many children with SLI but that such 
a deficit is perhaps not solely the case nor always  
the case.

One of the hallmark deficits characterizing SLI 
is difficulty with the tense and agreement of verbs. 
Children with SLI take longer to learn to mark verbs 
for past, present, or future tense (e.g., he jumped ver-
sus he will jump) or to agree with the subject of the 
sentence (e.g., he jumps versus they jump). It should 
be noted that the linguistic deficit in SLI is not lim-
ited to grammatical skills; impairments in phonolog-
ical, vocabulary, syntax, and other linguistic abilities 
also occur. Nevertheless, difficulty with the parts of 
speech affecting verbs (verb morphology) are among 
the most consistently reported deficits for SLI groups. 
This pattern is intriguing because it appears to point 
to a highly specific linguistic deficit. Indeed, Heather 
van der Lely has proposed that some children with 
SLI are specifically impaired in their ability to process 
grammatical information.
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Domain-General	Processing	Deficits	in	SLI
In addition to the more domain-specific processes 
described above, domain-general processes have 
been implicated in SLI. The important question to 
consider here is why should a domain-general defi-
cit cause the disproportionate language impairment 
characteristic of SLI? By definition, a domain-general 
brain response is engaged in the processing of differ-
ent types of information, only some of which is ver-
bal or specific to language. It would seem, then, that a 
domain-general processing impairment should result 
in deficits across several domains, language for one, 
but affecting other spheres of learning as well. Why 
might this not be the case?

Why might a disproportionate language impair-
ment arise from a domain-general deficit? There are 
several reasons: Language is transmitted largely via an 
acoustic waveform that vanishes rapidly and is time 
dependent. As such, learning through the auditory 
modality may place particularly high demands on 
higher-level domain-general responses for retaining, 
reconstructing, and analyzing the signal. In addition, 
the language code is highly complex, with units of 
meaning at the levels of part word, word, sentence, and 
beyond. Humans use their vast cognitive resources in 
a myriad of ways to discover the keys to the language 
code. As a result, constraints on domain-general pro-
cesses may impact language learning specifically. Nev-
ertheless, a domain-general processing account of SLI 
would predict impairments in nonverbal abilities, at 
least to some extent. Consistent with this, SLI groups 
are commonly reported to perform more poorly than 
age-matched peers on nonverbal tasks, although the 
relative impairments for the SLI group are not typi-
cally as marked as their language deficits.

One hypothesis suggested by Robert Kail is that 
children with SLI have a generalized slowing in their 
ability to process information. This speed of processing 
account would affect processing of all types of infor-
mation but have a specific impact on language learn-
ing in the manner described above. The work of Carol 
Miller and colleagues has provided some support for 
this view. Children with SLI were found to perform 
more slowly on a variety of linguistic and nonlinguistic 
activities. Nevertheless, this slower processing was not 
observed in all of the children with SLI in the study.

Another idea described by Dorothy Bishop is that 
children with SLI have a reduced information pro-
cessing capacity. According to this view, children with 
SLI cannot hold as much information in mind, which 

results in the loss of crucial material and impacts lan-
guage learning disproportionately for reasons out-
lined above. This proposal has frequently been inves-
tigated by examining working memory capacity in 
children with SLI. Lisa Archibald and Susan Gather-
cole provided a rigorous exploration of this hypothe-
sis by examining immediate and conscious processing 
of verbal and nonverbal information in combination 
with brief retention of verbal or nonverbal material. 
Whereas children with SLI were found to be slower 
than age-matched peers in processing both verbal and 
nonverbal information, knock-on effects on imme-
diate recall were observed only for verbal material. 
These findings provide evidence of the particular vul-
nerability of verbal and linguistic information in SLI. 
Although the processing of any type of information 
may be impaired, there is a disproportionate deficit in 
the retention of auditory–verbal information in chil-
dren with SLI.

More recently, the importance of statistical learn-
ing in language learning and language impairment 
has been examined. Humans have an innate ability to 
learn patterns. This statistical learning is an implicit 
learning process; that is, it takes place without con-
scious awareness of learning. The suggestion is that 
statistical learning abilities are used to track patterns 
of regularities over the strings of syllables that com-
prise language. We then extract the forms and rules 
that make up our native language from these patterns.

Julia Evans and colleagues examined statistical 
learning in children with and without SLI. Children 
with SLI took twice as long to learn the novel pho-
nological sequences and remained at chance levels 
in a corresponding tone learning task. As well, the 
SLI group was less successful at differentiating newly 
learned words from highly similar-sounding contrast 
words. These are some of the first findings to implicate 
a domain-general implicit learning process in SLI. The 
results are compelling because much of language is 
learned implicitly without children consciously think-
ing about the words or rules they are acquiring. This 
promises to be a fruitful avenue for future research.

Performance deficits in a number of other domain-
general processes have been reported for SLI groups 
including attention, executive functioning, and word 
retrieval from long-term memory. It is perhaps no 
surprise that impairments in these domain-general 
processes would be associated with language-learn-
ing impairments. For example, many of the strategies 
we use in maintaining attention or completing other 
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problem-solving tasks are based on self-talk, a skill 
that may be impoverished in children with SLI. Nev-
ertheless, core deficits in attention, executive function-
ing, and word retrieval may not themselves cause the 
linguistic deficits characteristic of SLI. An important 
case in point is children with attention deficit disor-
der (ADD). Not all children with ADD present with 
SLI, though some do. Nevertheless, ADD may impair 
a child’s ability to learn and use language efficiently. 
For example, if a child with ADD fails to attend to the 
message, the child may not comprehend instructions 
or learn new material. Similarly, if the child with ADD 
does not attend to subtle cues in peer relationships 
or becomes distracted when talking, the child may 
respond with inappropriate or unsuccessful linguistic 
messages. Even in the case of working memory, work 
by Lisa Archibald and Marc Joanisse has demonstrated 
that some children with a language impairment have a 
concomitant working memory impairment, and some 
do not, while still others have only a working memory 
impairment. These findings point to potentially dif-
ferent underlying causes of developmental language 
impairment: domain-specific processes in the case of 
SLI and domain-general processes in the case of comor-
bid language and working memory impairments.

Summary	and	Conclusions
Humans rely on a largely verbal code for communi-
cation. In many cases, it can be argued that language 
is the vehicle of complex thought and reasoning in 
humans. We often think in words to help us solve 
problems or create convincing arguments. As such, 
language learning and everyday use engages the pro-
cessing mechanisms and capacities of the brain at 
many levels. Processing impairments, then, have the 
potential to impact language learning and use. 

Children with SLI have a primary impairment in 
the area of language learning. Nevertheless, a primary 
impairment in language does not correspond to a uni-
tary deficit. It is likely that SLI is multiply determined 
by (different) factors inherent to the child and extrin-
sic factors as well. A number of brain mechanisms 
involved either in largely domain-specific processing 
of phonological information or domain-general pro-
cessing of information have been implicated in SLI. 
Phonological processing deficits, but also impairments 
related to information-processing speed, capacity, and 
statistical learning have been reported for SLI groups. 
A comprehensive approach to examining the process-
ing of information in the brain, factors extrinsic to the 

child, and language outcomes is needed to gain a bet-
ter understanding of the processing deficits that lead 
to SLI or other language impairments. This is chal-
lenging work but work that will lead to more effective 
outcomes for children struggling to learn language.

Lisa Archibald
Western University
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Pronouns
Every language has a group of words called deixis, 
whose interpretation depends on the context of utter-
ances. Personal pronouns are one type of such words: 
Unlike count nouns (e.g., man) and proper nouns (e.g., 
David), the person referred to by a personal pronoun 
shifts depending on the discourse situation, although 
each pronoun has a fixed deictic meaning. First-per-
son pronouns refer to the person producing the word, 
while second-person pronouns refer to the person 
addressed. Third-person pronouns refer to a nonad-
dressee and have distinct masculine and feminine 
forms in the case of singular forms. Children must dis-
cover the systematic relationship between pronouns 
and speech roles in order to acquire the deictic mean-
ing of personal pronouns. In English, most children 
show few production errors as they learn the deictic 
meaning of first- and second-person singular forms, 
generally by 3 years of age, and that of third-person 
pronouns by 5 years of age. However, a small number 
of children persistently make deictic errors indicating 
that they do not understand that the interpretation of 
these pronouns depends on the context of utterances.

Most frequently reported deictic errors are the use of 
a second-person pronoun or a third-person pronoun 
in referring to the child as if it is his or her proper name. 
Cases of complete reversal errors (i.e., use of first-per-
son pronouns instead of second-person pronouns and 
vice versa) exist but are rare. These deictic errors have 
often been described as characteristics of autistic, blind, 
and hearing-impaired children because these errors can 
persist in these children over long periods of time, sev-
eral months or years. Several case studies have reported 
instances in which typically developing children also 
produce consistent deictic errors over several months, 
although this is rare among most children. However, 
according to Y. Oshima-Takane and J. Oram, most 
children are able to avoid making deictic errors in pro-
duction by using proper names instead. They reported 
that, in a comprehension task, five out of 10 children 
in their study made systematic deictic errors for you in 
reference to themselves before 2½ years of age while 
using their proper name in self-reference in spontane-
ous speech. It is possible that most children use proper 
names until they fully understand the deictic meaning 
of personal pronouns. One of the main difficulties of 
acquiring the deictic meaning of second-person pro-
nouns is that children cannot observe the shifting refer-
ence of these pronouns in speech addressed to them.

According to Y. Oshima-Takane, in order to acquire 
the deictic meaning of the singular form of first-, 
second-, and third-person pronouns, children must 
attend to and learn from overheard conversation in 
which the referent of these pronouns shifts depending 
on the speech role in a conversation. Inability or lack of 
opportunity to learn from overheard speech results in 
pronominal deictic errors observed in a variety of pop-
ulations including autistic, blind, hearing-impaired, 
and typically developing children. Consistent with this 
view, a longitudinal study has shown that second-born 
children who have more opportunity to overhear con-
versations (i.e., conversations between their mother 
and older sibling) acquire the deictic meaning of first- 
and second-person pronouns earlier than first-born 
children. Computer modeling studies also provide evi-
dence that, without overheard speech, networks make 
consistent reversal errors, whereas those provided with 
overheard speech as input learn the correct use of per-
sonal pronouns with few deictic errors.

While consistent deictic errors provide evidence 
for children’s semantic confusion (e.g., you is another 
name for the child), it remains unclear whether 
inconsistent pronominal errors observed in some 
typically developing and impaired populations also 
reflect semantic confusion. There is some evidence 
that these children tend to reverse pronouns in imme-
diate or delayed imitation of their mother’s utter-
ances addressed to them. In particular, these reversal 
errors are often observed when children speak as if 
they are taking the mother’s perspective (e.g., You [= 
child] are naughty—give it to me [= mother]). Some 
researchers suggest that these children make incon-
sistent errors because their ability to take others’ 
perspectives has not been fully developed to realize 
that pronouns in these utterances should be changed 
according to the speaker’s point of view. Others sug-
gest that these children might have memorized these 
utterances as unanalyzed wholes in which the pro-
nouns fail to have deictic meaning. However, due 
to the lack of production and comprehension data 
covering the entire learning period, it is difficult to 
determine whether inconsistent errors reflect seman-
tic confusion. There is also a need to study whether 
children making persistent, inconsistent errors have a 
limited ability to take others’ perspectives compared 
to those who do not. 

Yuriko Oshima-Takane
McGill University
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Proto-Conversation	
and	Song	in	Infant	
Communication
In the last 50 years, developmental psychologists, lin-
guists, and educators have had to reconsider the many 
theories of how young children master the language 
of their parents. New information has come avail-
able about the communicative powers infants possess 
before the first word and how they develop in the first 
proto-conversations, or nonverbal exchanges, with 
parents. It has become clear that simply recording the 

advances in size of vocabulary, prosody, and ability to 
make grammatically correct utterances after the first 
year does not give the answer. One needs to know how 
communication is motivated within children before 
they speak, and why words become attractive to them, 
if we are to understand what language is, its role in 
communication, and how it develops.

At 1 year, a child may utter no sound that can be 
called a word. By 4 years, most have a vocabulary of 
between 600 and 1,000 words. For many linguists and 
teachers, this is the start of human communication. But, 
a child is an active and alert communicator in uniquely 
human ways from birth, attentive to the sounds people 
make when they use speech, and increasingly interested 
in the actions they perform as they speak. The infant 
soon participates intimately and creatively in chats and 
games with the family, communicating interests, inten-
tions, and feelings. This preverbal communication 
employs movements of the whole body but especially 
of the head and eyes, hands, and voice. Its relationship 
to speech and the coded messages of language have 
been made clear by detailed analysis of the rhythms, 
expressive forms and narrative sequences of neonatal 
imitation, proto-conversations, and action games and 
songs that develop through the first year. Humans have 
a special talent for sharing emotional appreciation 
of actions, experiences, imaginative discoveries and 
memories in storytelling, a talent that germinates from 
innate impulses to move the human body in mind-
revealing ways. These begin to grow before birth.

Communication	of	Interests	and	Feelings
Babies are not only born with expressive human eyes, 
faces, voices, and hands but also have been practicing 
bodily sensations caused by their actions in emotional 
ways for several months, and have been learning to 
recognize certain features of their mother’s activi-
ties and voice. There are signs of a nascent awareness 
of another human presence when the moving fetus 
touches a twin with deliberate care. Neonatal imita-
tion has been a contentious topic because of firm con-
victions that a baby at birth can have no experience 
to represent movements and sensations prospectively 
and can therefore have no access to another person’s 
life, namely the causes of their intentions or experi-
ences and feelings. It is true that the first few weeks 
after birth is a time of transformation in vital organic 
functions. The infant’s body and brain must rapidly 
adapt to a new environment and receive new forms of 
support, warmth, and nourishment from a mother’s 
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care. Nevertheless, newborns do attend to and imi-
tate a wide range of gestures, face expressions, and 
vocalizations and they are ready to reproduce these to 
establish a dialogue or exchange of signs. Their imita-
tions are motivated with interest and pleasure. They 
show rhythmic timing that leads to intersynchrony of 
movements and the performance of shared narrative 
sequences. This communication is intensely interper-
sonal and attractive to adult and infant, but it has no 
external referent, no topic other than the animation 
and pleasures of the subjects themselves and their 
transactions. It is defined as primary intersubjectiv-
ity, the sharing of interests, intentions, and feelings by 
sympathetic interaction of their expressions in body 
movement.

A 2-month-old is more wakeful 
and alert and is able to focus and sus-
tain sight more purposefully to join 
a partner in mutual regard. This eye-
to-eye contact stimulates a form of 
intense exchange, which Mary Cath-
erine Bateson named proto-conver-
sation. She described what she saw 
in films of interactions of an infant 
between the ages of 7 to 14 weeks with 
the mother as follows: “A study of 
these sequences established that the 
mother and infant were collaborating 
in a pattern of more or less alternat-
ing, nonoverlapping vocalization, the 
mother speaking brief sentences and 
the infant responding with coos and 
murmurs, together producing a brief 
joint performance similar to conver-
sation, which the author called proto-
conversation. The study of timing and 
sequencing showed that certainly the 
mother and probably the infant, in 
addition to conforming in general to 
a regular pattern, were acting to sus-
tain it or to restore it when it faltered, 
waiting for the expected vocalization 
from the other and then after a pause 
resuming vocalization, as if to elicit 
a response that had not been forth-
coming. These interactions were 
characterized by a sort of delighted, 
ritualized courtesy and more or less 
sustained attention and mutual gaze. 
Many of the vocalizations were of 

types not described in the acoustic literature on infancy, 
since they were very brief and faint, and yet were cru-
cial parts of the jointly sustained performances.”

The resemblance of this description to imitative 
exchanges observed in detail by Giannis Kugiumtza-
kis and Emese Nagy is striking. Bateson concluded, 
“The development of the capacity for participa-
tion in complex sequenced behavior must lay the 
groundwork for participation in games and for the 
development of playful patterns of imitations, and 
so the study of such performances can shed light 
on a variety of types of learning, including language 
acquisition.” She was inspired by the work of etholo-
gists who have made descriptions of communicative 

Figure	1   Musicality in early dialogue

A 6-week-old and her mother in proto-conversation showing the infant’s expressive 
movements. The pitch plot, in quarter-tones, shows the melodic narrative of vocal 
sounds as a wave through the octave above middle C (C4), which demonstrates 
four parts: Introduction, Development, Climax and Resolution. Utterance numbers 
appear above the time axis and in the table. The infant’s utterances are enclosed in 
boxes. (Malloch and Trevarthen, 2009).
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displays and engagements that represent innate spe-
cies-specific mechanisms for learning in the forma-
tion of collaborative social relationships, and she lik-
ened language learning to social imprinting. Being an 
anthropologist, and daughter of Gregory Bateson and 
Margaret Mead, she was ready to make comparison of 
the mother–infant interactions with cultural rituals, 
including healing rituals she herself had studied.

Stephen Malloch applied computer-mediated musi-
cal acoustic techniques to trace the precise rhythms and 
changes in pitch and quality of vocalizations exchanged 
in a proto-conversation between a 6-week-old girl and 
her mother and compared these parameters and their 
serial ordering through time with the basic features of a 
musical performance. His demonstration that the vocal 
utterances of both infant and mother are organized 
with the rhythm of musical notes grouped in bars and 
their composition in narratives of purpose with expres-
sion of vitality and feeling defined the communicative 
musicality of human companionship (Figure 1).

Communication requires moving the body, and it is 
clear that development of the infant’s vocal and gestural 
powers and learning is linked to development of sen-
sory–motor systems in body and brain. Three months 
after birth, the strength and mobility of the head and 
arms increases, and the baby begins to direct attention 
further from the body to attend to objects that might 
be seized in the hands. This appetite for distance per-
ception leads to a reduction of attention to the mother, 
who responds by being more playful and insistent in 
her efforts to play with the infant. From this time, ritual 
performances of body action games and songs are suc-
cessful in gaining her child’s curiosity and pleasure, and 
they learn habits of having fun together.

The first sounds a baby utters that can be identi-
fied as imitations of elements of the mother’s language 
are her vowels, which are made especially clear within 
the rhythms of her address and shared in playful vocal 
games. These are the components of speech that are 
repeated as rhyming sounds at the ends of lines in the 
verses of baby songs. By 6 months, it becomes possi-
ble to identify the infants’ vocalizations as having the 
prosodic qualities and intonations of a particular lan-
guage—English, French, Chinese, German, and so on. 
Then, around 6 months, as the baby’s hands become 
more dexterous in grasping and manipulating objects, 
the mouth and tongue are coordinated to articulate 
clear syllables and short phrases with simple frontal 
consonants. Babbling begins, and hand babble too, 
with the banging of sound-making objects.

Developing	Self-Awareness	and	a	Social	Identity
The middle of the first year brings a new, more self-con-
scious and pretentious manner to the infant’s contri-
butions in family communication. A more lively sense 
of fun and enjoyment of teasing and joking in self-
with-other awareness establishes a stronger authorship 
for expressive displays and imitations with voice and 
hands. Entertaining performances are repeated by the 
baby, with close attention to the manner in which they 
are received by the audience. Now, clear expressions of 
pride in showing skill of how to move in ways others 
will greet with approval, or with playful disapproval 
and mockery, are seen. Or, the infant shows shame at 
not being well received, as by a stranger who is likely to 
be not trusted as a partner in play and whose attempts 
at intimacy may cause strong protestations of distress 
and anger. The rich semiosis of the child’s movements 
with feeling makes for self-identification and purpose-
ful role-play in trusted relationships and defensiveness 
with strangers. The infant’s expressive actions become 
known in a proto-habitus of rituals that become iden-
tified and valued in the family, and sometimes these 
actions may refer to events or activities of the past. The 
infant’s memory or personal history, with its affects, is 
beginning to extend beyond the narrative present or 
shared locus of concern.

Cooperative	Awareness	in	Use	of	Objects	and	
First	Words:	A	Step	to	Cultural	Learning
After 9 months, the practical purpose of another 
person’s actions directed to events in the immedi-
ate shared world, and the objects they use in special 
ways as tools or to satisfy their curiosity, become of 
great interest for children, and that is when the first 
real words may be imitated in the context of shared 
tasks. For example, an 11-month-old was following 
her mother’s instructions by speech and gesture to 
place small wooden dolls in a truck. The mother said, 
“Put it in the truck,” to which Basilie, as she moved 
to comply, said, “De duk.” Her mother responded, 
“Yes, it sounds like your duck in the bath.” The ini-
tial consonant of the word truck is beyond the child’s 
capacities for articulation. For the next few months, 
the impulse to share imitated meanings with the voice 
using the best available skills of pronunciation leads 
to over-application of grammatical rules encoded in 
key syllables as articles, prefixes, suffixes in different 
tenses, singular and plural, and the like.

Toddlers, with the great liberty of their new loco-
motor powers plus stronger vocal system, indulge in 
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an extravagance of emotional expressions that become 
dancing games and musical displays for sharing carni-
vals of imaginative play. And in more reflective utter-
ances passed as comments in story making with toys 
and dolls, toddlers represent the actions performed 
in onomatopoetic ways while increasingly taking on 
accepted words to name principle characters or actions 
in the story. The vocal range is greatly expanded in 
what the Norwegian musicologist Jon-Roar Bjørkvold 
has described as a remarkably rich children’s musical 
culture. The new powers of language are sung, with 
original nonverbal accompaniments.

The communicative power of narrative forms of 
expression that found life in the first proto-conver-
sations now rapidly acquires linguistic content. The 
child will utter grammatically correct phrases with 
appropriate reference, making a transition from 
musical semantics to verbal semantics. Growth of 
power and variety of the infant’s body movements 
and performances of singing and dancing support the 
theory that early humans practiced group-confirming 
mimesis as a first cultural celebration resembling the-
ater with song before they created speech. The process 
attains an exuberance and communicative power in 
the same period as words multiply at an accelerating 
rate in the second, third, and fourth year.

How	Others	May	Teach	by	Sharing	Meaning
Clearly, the rhythmic motives and powers of acting 
and experiencing with emotion play a leading role in 
the learning of speech and the passing on of the culture 
of language, but at every stage, there is an expectancy 
in this autopoesis or self-making of consciousness in a 
human life for consensual company. As Jerome Bruner 
expresses it, the language acquisition device (LAD) 
needs a language acquisition support system (LASS) 
that meets with affection and enjoyment the fruits of 
collaboration. Comparison of practices for supporting 
early childhood experience in different human com-
munities, differences between social classes in literate, 
industrial cultures, and correlations between language 
learning and how parents and young children share 
interest in the world and customs—including dance, 
song and nonverbal gestures to point out topics of 
interest and intended use—prove that language grows 
by sharing vitality dynamics with intelligence. This 
continues the psychological process that is animated 
by the child’s imitations from early infancy. 

Humans have an innate intersubjectivity that 
enjoys co-creation of ritual practices, both artful and 

technical, and the use of conventional tools for shar-
ing meaning, of which language is perhaps the rich-
est and certainly the most adaptable and knowledge 
enhancing. But, the cognitive and rational richness of 
talk or text needs the poetic instinct to share vitality 
that is active in infancy if it is to make its sense persua-
sive, even in its most sophisticated applications.

Colwyn Trevarthen
University of Edinburgh
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Quantifiers
Perhaps the most famous use of quantifiers comes 
from a quote attributed to Abraham Lincoln in which 
the 16th president of the United States declared that 
you can fool some of the people all of the time, and all 
of the people some of the time, but you cannot fool all 
of the people all of the time. Quantifiers are expres-
sions like some people, many people, most people, and 
all the people, and they allow us to express generaliza-
tions about sets of individuals. As such, quantifiers lie 
at the heart of the expressive power of language. The 
quantificational apparatus of natural language is also 
extraordinarily complex, and it raises a host of ques-
tions for linguistic analysis and language acquisition. 
Developmentally, children start using quantifiers in 
the earliest sentences they produce. However, in spite 
of these precocious first steps, children also often dis-
play strikingly nonadult behavior in tasks designed to 
measure their comprehension of quantifiers. Trying to 
understand the cause of these nonadult patterns is to a 
large extent what has been driving work on the acqui-
sition of quantification over the past several decades.

Studies of children’s use of quantifiers can be traced 
back to the 1930s and 1940s. However, the first sys-
tematic attempts at documenting the development of 
young children’s spontaneous production of quantifi-
ers were carried out several decades later in the 1970s 
and 1980s. For example, work by Camille Hanlon, 
using longitudinal data collected by Roger Brown, 

tested the prediction that quantifiers would emerge in 
an ordered sequence in children’s productions based 
on considerations of semantic complexity and general 
principles of cognitive development. This approach 
led to the conclusions that all is acquired before some, 
none, and any; that both is mastered before either and 
neither; and that each and every emerge later than all. 
In the 1990s, work by Stephen Crain and colleagues 
began to investigate children’s sensitivity to more 
complex distributional properties of quantifiers. For 
example, whereas it is acceptable to say I don’t have any 
milk, the affirmative counterpart, I have any milk, is 
deviant. Conversely, one could say I have some money 
but not I don’t have some money. This line of research 
shows that preschoolers have mastered the distribu-
tion of any but that they also sometimes incorrectly 
use some, instead of any, in negative sentences.

Turning to children’s comprehension of quantifi-
ers, one of the earliest observations in that domain 
comes from the work of Jean Piaget and his collab-
orators in the early 1960s. In their classic studies on 
the development of logical competence, Piaget and 
collaborators examined children’s understanding of 
the universal quantifier all in a series of class-inclu-
sion tasks. When shown a number of blue circles, 
blue squares, and red squares and asked whether all 
of the circles are blue, adult speakers have no diffi-
culty seeing that the correct answer should be yes. All 
the circles are indeed blue. What Piaget discovered is 
that children as old as 7 or 8 often answer no to such 

Q



questions. When asked why, these children point out 
that there are also blue squares in the display. Such 
responses have been discussed extensively in the lit-
erature on language acquisition since Piaget’s seminal 
observations. What emerges from this body of work 
is a robust set of empirical observations along with 
a plethora of possible explanations. Over the years, 
different investigators have implicated children’s 
conceptual immaturity; their nonadult grasp of syn-
tax, semantics, pragmatics; and even problems with 
experimental methodology.

Until a decade or so ago, work on the acquisition of 
quantification focused almost exclusively on children’s 
interpretation of universal quantifiers (every boy, all 
the girls, and each child) and the kind of nonadult 
patterns originally reported by Piaget. Since then, the 
scope of research in this area has considerably broad-
ened as investigators began to explore the acquisition 
of a wider range of quantificational phenomena. These 
efforts led to the discovery of two additional areas in 
which preschool children differ systematically from 
adults in their comprehension of quantifiers.

The first involves the kind of ambiguity that arises 
when quantifiers interact with other logical expres-
sions such as negation; for example, if someone were 
to say that every horse didn’t jump over the fence, there 
would be at least two ways to interpret this sentence. On 
one reading, the sentence can be paraphrased as mean-
ing that every horse is such that it did not jump over 
the fence. In other words, none of the horses jumped. 
Alternatively, one could interpret the sentence to mean 
that not all of the horses jumped over the fence; say 
two out of three did. The main developmental obser-
vation is that such scope ambiguities, as linguists call 
them, are often not resolved in the same way by adults 
and preschoolers. This phenomenon was initially 
interpreted as showing that preschoolers lack knowl-
edge of some of the interpretive options available to 
adults. However, this conclusion was subsequently 
abandoned, and it is now generally agreed that chil-
dren’s nonadult behavior reflects different preferences 
for resolving scope ambiguities rather than a narrower 
semantic repertoire. What remains controversial, how-
ever, is the exact nature of the mechanisms underlying 
children’s nonadult preferences.

The second phenomenon involves a class of con-
versational inferences associated with the use of cer-
tain quantifiers (and other logical expressions). For 
example, the sentence Some of my friends liked the 
movie typically invites the inference that not all of 

my friends liked the movie. The idea is that, while the 
literal meaning of some is compatible with that of all 
(i.e., some and possibly all), a conversational inference 
known as scalar implicature is computed that renders 
the use of some pragmatically incompatible with all 
(i.e., some but not all). 

The main developmental observation regard-
ing scalar implicatures is that preschool children do 
not compute them as reliably as adults do. Different 
accounts of this phenomenon have been proposed 
in the literature on language acquisition. One idea is 
that children’s failure to generate implicatures stems 
from limitations in working memory, a capacity that is 
known to grow over the course of development. Con-
sistent with this interpretation is the fact that adults 
take longer to compute scalar implicatures than to 
arrive at the literal meaning of an utterance, suggesting 
that the computation of implicatures carries a process-
ing cost. Another possibility is that children are more 
tolerant of pragmatic infelicity and thus less conser-
vative in their interpretations, leading them to often 
accept sentences that adults would reject. A related 
possibility is that children fail to derive implicatures 
because of their limited understanding of the goals of 
the task. Yet another idea is that children experience 
difficulty with implicatures because they cannot spon-
taneously generate the set of alternatives for the rel-
evant scalar terms.

As the number of studies on the acquisition of 
quantification increased, so did the range of experi-
mental techniques used to probe children’s growing 
knowledge. Some of the earlier techniques involved 
act-out and picture verification tasks. In a typical act-
out task, the child is given a verbal instruction to carry 
out a specific action. For example, the child could be 
requested to put some, all, each, or two of the yel-
low bear(s) in the box. The child’s actions can then 
be analyzed and interpreted as reflecting the level of 
comprehension of the relevant quantifiers. In picture 
verification tasks, children are presented with two or 
more pictures illustrating various scenarios, and they 
are given a quantified statement intended to describe 
one of these pictures. The child’s task is to point to 
the picture that best matches the sentence they heard. 
Another tool in the developmentalist’s kit is a tech-
nique called elicited production. This technique allows 
researchers to control the context in which children’s 
productions occur and thus to test for knowledge of 
specific structures or constraints that may otherwise 
be difficult to observe in transcripts of spontaneous 
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speech. This can indeed be the case with sentences 
containing quantifiers, especially when they interact 
with other logical expressions. Elicited production is 
often accomplished through the use of a lead-in or 
a question whose aim is to guide children down the 
intended linguistic path.

Perhaps one of the most widespread methods used 
to assess children’s comprehension of quantifiers 
within the last 15 years or so is a technique called the 
truth value judgment task (TVJT). In a typical TVJT, a 
short story is acted out in front of the child using vari-
ous toys and props. Alternatively, children may watch a 
computerized version of the stories. A puppet who has 
been watching the story alongside the child then makes 
a statement about what it thinks happened in the story. 
The child’s task is to say whether the puppet is right 
or wrong and to explain why. Children’s acceptance 
or rejection of the puppet’s statements, along with 
appropriate justifications, can then be used to deter-
mine how they interpreted the relevant sentences. In 
recent years, investigators have also begun to explore 
the acquisition of quantification—for example, the 
case of scalar implicatures—using online techniques. 
One such technique, eye-tracking, allows researchers 
to monitor children’s eye movements as they interpret 
verbal descriptions of visual scenes in real time on a 
millisecond-by-millisecond basis.

Three main conclusions emerge from the body of 
work on the acquisition of quantification. The first is 
that research in this area has been largely driven by 
why questions. That is, why do children misinter-
pret the universal quantifier, why do they not resolve 
scope ambiguities the way adults do, and why do 
they so often fail to compute scalar implicatures? 
By contrast, much less of this work has focused on 
how questions, which after all, ask about the central 
problem posed by language acquisition: How do chil-
dren acquire the meaning of quantifiers, how do they 
acquire scope relations, and how do they acquire the 
various pieces of knowledge required to compute sca-
lar implicatures? Answers to why questions remain 
elusive, and whether they point to linguistic differ-
ences between preschoolers and adults or differences 
in more general, nonlinguistic capacities, remains an 
open question. The second, important conclusion is 
that, in spite of its focus on the way children differ 
from adults, work on the acquisition of quantification 
has also revealed that preschoolers are much more 
linguistically sophisticated than what was believed a 
few decades ago. Indeed, 4 and 5-year-olds have been 

shown to possess knowledge of many of the complex 
grammatical principles regulating the production 
and interpretation of quantifiers. The third conclu-
sion is that work on the acquisition of quantification 
has fostered meaningful links between the fields of 
theoretical linguistics and developmental psychology. 
In doing so, this work has also made it clear that the 
study of the acquisition of complex grammar cannot 
proceed in a vacuum and needs to take into account 
development in other closely related areas such as 
sentence processing and pragmatics abilities.

While much work on the acquisition of quantifi-
cation lies ahead, we can hope that this research will 
continue to provide a productive platform where 
research on a range of topics of interest to linguists, 
psycholinguists, and developmental psychologists 
continues to be produced and informed by the differ-
ent fields involved.

Julien Musolino
Rutgers, The State University of New Jersey
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Questions
Questions (interrogatives) are utterances that query 
a statement or request information. Much of the 
work on questions focuses on explaining why Eng-
lish-learning children make word-order errors when 
learning questions.

Questions can be divided into two types. The first 
are yes–no questions, so-called because, at minimum, 
they require yes or no as an answer (Do you want some 
cake? Can I go on the swings?). The second are wh– 
questions, which are preceded by a wh element (e.g., 
in English, What are you doing? Why are you doing 
that?). These can be further subdivided into three 
types. First are subject wh– questions, which request 
information about the sentence subject (i.e., queries 
the subject word or phrase missing from the equiv-
alent declarative; e.g., Who went to the park?). Sec-
ond are object wh– questions, in which the wh word 
requests information about the sentential object (i.e., 
queries the object word or phrase missing from the 
equivalent declarative, e.g., What did you eat?). Third 
are adjunct wh– questions that request extra informa-
tion about an event, statement, or idea (the type of 
information provided by an adjunct to a declarative 
sentence, e.g., Why did you go to the park?).

Most work on questions focuses on explaining 
why many English-speaking children make word-
order errors. As a general rule, word-order errors are 
very rare in children’s speech, so their presence in 
English-speaking children’s questions, in relatively 
large numbers, is surprising. In particular, both typi-
cally developing children and children with specific 
language impairment produce errors in object and 
adjunct wh– questions, in which they fail to invert 
the position of the subject and auxiliary. This leads to 
subject–auxiliary inversion (SAI) errors such as Why 
he hasn’t got any dinner (instead of Why hasn’t he got 

any dinner?). Two other errors are also often catego-
rized as uninversion errors: raising errors in which 
the auxiliary is omitted and the tense and agreement 
marking remains on the main verb (e.g., What we 
saw? instead of What did we see?) and double marking 
errors in which tense and agreement are marked both 
before and after the verb (e.g., Why can he can’t go to 
the park?). Interestingly, children learning most other 
languages (e.g., German, Swedish, Portuguese, Italian, 
and Spanish) do not make these errors.

Crucially, uninversion errors co-occur with correct 
questions in children’s speech. For example, William 
and Teresa Labov reported that, in one day, 3-year-
old Jessie produced both the correct questions What 
does sun do to snow? and What do you do when you 
want to be rich? and the errors Why you said to Daddy 
you might be kidding? and Why we can’t wear sandals 
for walking in the woods? As a result, the challenge 
for theorists is to explain why children learning Eng-
lish, who are capable of producing correct questions, 
sometimes produce errors.

According to theories within the principles-and-
parameters framework, children are born with innate 
linguistic principles that apply across all languages as 
well as innate linguistic parameters, which have to be 
set to the properties of the target language after expo-
sure to the linguistic environment. Children make 
errors because they have not yet correctly set the 
parameters specifying when SAI must apply. This leads 
to errors in some parts of the system. For example, one 
theory is that children apply SAI to argument wh– 
questions (e.g., What did you see at the park?) before 
adjunct questions (e.g., When did you go to the park?) 
because adjunct wh words are initially misanalyzed as 
being in the topic position of the inflectional phase 
(which would not trigger SAI). Another theory states 
that children make errors because it takes time to learn 
the complex rules governing how innate principles 
integrate with language-specific rules. For example, 
the presence and positioning of auxiliary do in English 
questions results from a peculiarity of English gram-
mar that requires the movement of tense and agree-
ment but prohibits the movement of main verbs (e.g., 
What do you want? not What want you?). Children are 
said to make SAI errors with auxiliary do until they 
have mastered this English-specific restriction.

In each case, there is some evidence to support the 
theory. For example, some studies report that children 
make more errors with adjunct wh words (e.g., how 
and why) than argument wh words (e.g., what) and 
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more errors with auxiliary do than auxiliary be. How-
ever, problems arise when we analyze the data in more 
detail because, often, the patterning of error reflects a 
complex interaction between question type and aux-
iliary type not predicted by the theory. For example, 
children seem to make as many uninversion errors 
with modal auxiliaries as with auxiliary do but only 
in wh– questions, not yes–no questions. Similarly, 
it seems that wh words are only susceptible to error 
when combined with certain auxiliaries. For example, 
in one analysis, 66 percent of one child’s (Adam) how 
can questions contained SAI errors but none of his 
how do questions. These quite specific patterns of cor-
rect use and error are not captured by theories within 
the principles-and-parameters framework.

An alternative explanation comes from item-based 
(constructivist) theories. In this model, children 
learn grammatical constructions by first building up 
an inventory of item-based frames (e.g., Where’s X? 
and What’s the X doing?, where X stands for a slot in 
which the child can insert an appropriate noun or 
noun phrase). Then, utilizing basic generalization 
mechanisms, such as analogy and schematization, the 
child abstracts across frames to build more abstract 
constructions (e.g., object wh– questions). Questions 
based on item-based frames will be resistant to error 
because the word order of the question is specified 
directly in the frames. Questions for which the child 
has no frame available will have to be formed via gen-
eralization strategies, which means that they are more 
susceptible to error.

This explains, for example, why certain wh– words 
are only susceptible to error when combined with 
certain auxiliaries. In fact, some studies have directly 
demonstrated that questions produced using item-
based frames contain fewer SAI errors than questions 
produced via generalization strategies. There is also 
evidence for significantly lower error rates in questions 
based on highly frequent (and, thus, early learned) 
frames from both naturalistic and experimental stud-
ies. However, a number of outliers remain that cannot 
be accommodated in this account. For example, chil-
dren produce a larger number of SAI errors with why 

can’t questions than one would predict given the fre-
quency of such questions in the input. This illustrates 
the broader problem that children seem to make more 
errors with negative questions than one would expect 
based on the frequency with which they experience 
such questions in the input.

Caroline Rowland
Ben Ambridge

University of Liverpool
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Reading,	Development	of
One of the great mysteries to challenge reading 
researchers is how people achieve proficiency in read-
ing and comprehending text. Skilled readers can focus 
their attention and thought on the meaning of the text, 
while the mechanics of reading operate unobtrusively. 
A major contributor to this skill is sight-word reading, 
that is, the ability to read words as single units quickly 
and automatically from memory. Sight-word reading 
requires the ability to store in memory the spellings, 
pronunciations, and meanings of thousands of indi-
vidual words and is considered the hallmark of skilled 
reading. In what follows, we examine the development 
of sight word reading, with special attention to the 
processes that drive learning in alphabetic orthogra-
phies, especially in English. As will be apparent, learn-
ing to read words by sight does not involve memoriz-
ing strictly visual forms of words but rather requires 
remembering how letters in spellings map onto the 
pronunciations of words along with meanings.

Reading	by	Phonological	Recoding:		
The	Sine	Qua	Non	of	Reading	Development
Alphabets represent speech at the level of phonemes. 
Phonemes are the smallest units of sound in words. 
Graphemes are letter units symbolizing phonemes. 
Learning to read in an alphabetic orthography pre-
supposes learning the system of grapheme–phoneme 
correspondences it represents. Phonological recoding, 

also called decoding, involves translating printed 
words into their spoken counterparts on the basis of 
grapheme–phoneme connections. According to sev-
eral theorists, including L. Ehri, C. Perfetti, and D. 
Share, decoding is at the heart of our ability to learn 
the orthography of words and, as a result, to recognize 
the many thousands of words we know immediately 
and unhesitantly. D. Share has called this a self-teach-
ing mechanism. It is the sine qua non mechanism for 
forming well-specified orthographic representations 
in memory. It obligatorily draws readers’ attention 
to the identity and order of the letters and how they 
map onto sounds in the pronunciations of words. The 
grapheme–phoneme mappings serve to secure the 
spellings of individual words in memory. These pro-
cesses thus provide readers with a powerful mnemonic 
mechanism for accumulating written words bonded 
to their pronunciations and meanings in their ortho-
graphic lexicons. As long as readers know and apply 
grapheme–phoneme correspondences to read newly 
encountered words, their spellings are stored in mem-
ory quickly without much practice. D. Share showed 
that only one exposure to novel words enhanced third-
graders’ memories for letters in the words. It may come 
as no surprise then that educated adults can recognize 
thousands of words instantaneously even though 
many of them appear infrequently in print.

How does such a powerful mechanism develop, and 
what makes it possible? As described below, phono-
logical recoding develops during the primary grades 
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once children learn the grapho-phonemic mapping 
system and gain experience in reading.

The	Development	of	Sight-Word	Reading	
Traditional theories depict the course of reading 
development in terms of a series of discrete stages, 
each characterized by a qualitatively different word-
reading strategy. For example, U. Frith distinguished 
three developmental periods: logographic, alphabetic, 
and orthographic. During the logographic stage, 
children learn to read by associating a salient visual 
feature in the spelling of the word (e.g., its length or 
shape or the presence of a doubled letter) to its pro-
nunciation and meaning. At the alphabetic stage, 
children learn to read words by applying letter–sound 
correspondence rules. Finally, in the orthographic 
stage, they access the orthography of words directly, 
without phonological mediation.

Stage theories face several difficulties when applied 
to reading. They presuppose a discontinuity that is 
hardly seen in word-reading development. Multiple 
rather than single strategies characterize word reading, 
and the strategies overlap during development, with 
more mature strategies gradually replacing less mature 
strategies. In addition, use of the strategies depends 
not only on children’s knowledge of the alphabetic sys-
tem but also on their familiarity with the words to be 
read. Strategies are applied to read unfamiliar words, 
whereas familiar written words are read from memory. 
One important cause of growth involves changes in 
the strategies that are used to read unfamiliar words. 
Therefore, rather than portraying development as 
a succession of stages, it is more accurate to depict 
development as the emergence of various ways to read 
familiar and unfamiliar words influenced by readers’ 
growing knowledge of the writing system and their 
acquisition of more effective word-reading strategies. 
As described below, L. Ehri’s phase theory of sight-
word reading provides such an account.

L. Ehri has distinguished four phases, each char-
acterized by the reader’s knowledge and use of the 
alphabetic mapping system to read words: (1) a pre-
alphabetic phase, (2) a partial-alphabetic phase, (3) a 
full-alphabetic phase, and (4) a consolidated-alpha-
betic phase. The prealphabetic phase is similar to U. 
Frith’s logographic stage described previously. Because 
readers have little knowledge of the alphabetic system, 
they cannot use letter–sound knowledge to remember 
how to read words, so they rely on salient visual cues. 
Not surprisingly, prealphabetic children find it hard 

to learn to read words because visual cues are not suf-
ficiently distinctive. Learning is unstable, and ortho-
graphically similar words are often confused.

The partial phase begins when children learn about 
letter shapes and letter names or sounds and use this 
knowledge to remember how to read words. How-
ever, their knowledge is only partial, allowing them 
to form connections between only some of the letters 
and sounds in words, much like the invented spell-
ings they produce. For example, to remember how 
to read spoon, they might connect the letter s to the 
initial sound /s/ and the letter n to the final sound /n/ 
detected in the pronunciation of the word. The map-
ping is only partial. Letters used are ones that contain 
the relevant sounds in their names. The other letters 
are not remembered. Partial phase readers can use 
context and partial letter–sound cues to read unfa-
miliar words. However, they lack a decoding strategy.

Children become full-alphabetic phase readers 
when they can learn sight words by forming complete 
connections between graphemes in spellings and pho-
nemes in pronunciations. This is possible because they 
have learned the major grapheme–phoneme corre-
spondences, and they can segment pronunciations into 
phonemes. When readers apply this knowledge to indi-
vidual words to form connections, spellings become 
fully bonded to pronunciations and meanings in 
memory. For example, they can remember how to read 
spoon by connecting the four graphemes, s, p, oo, and n, 
to their corresponding phonemes. This decoding strat-
egy serves as an important means of getting new words 
into memory by activating the relevant connections.

Systematic phonics instruction is typically required 
for movement into the full-alphabetic phase. However, 
as W. Tunmer has argued, explicit phonics instruction 
can teach the major grapheme–phoneme correspon-
dences, but in a complex writing system such as Eng-
lish, it cannot teach the system completely because 
there are simply too many grapheme–phoneme corre-
spondences to be learned, making it unlikely that chil-
dren learn all of them by direct instruction. Evidence 
suggests that much of what children come to know 
about the English writing system is acquired through 
implicit learning, by a process called lexicalization. 
Essentially, children’s knowledge of grapheme–pho-
neme correspondences is modified and extended in 
response to their growing sensitivity to orthographic 
and morphemic constraints as they gain more reading 
experience. For example, readers learn that the pro-
nunciations of certain graphemes are determined by 
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their orthographic contexts (e.g., whether the letter c 
is pronounced /k/ as in cat or /s/ as in city depends 
on the following vowel) or the position of a letter in 
a word (e.g., the pronunciation of initial and final y 
in yellow versus baby). They also become sensitive to 
morphemic constraints (e.g., spelling of the final /t/ in 
missed versus mist).

During the full phase, as readers encounter and 
read more words, they become sensitive to multi-letter 
spelling patterns. Recurring correspondences between 
these spelling patterns and blends of phonemes in 
pronunciations become familiar and unitized, for 
example, the –amp in camp, damp, lamp, and champ. 
Other examples of larger units are spellings of vowel–
consonant endings, syllables, root words, prefixes, and 
suffixes. As these larger units are learned and used to 
form connections to retain new words in memory, 
children gradually move into the alphabetic-consoli-
dated phase of development. Use of units larger than 
grapheme–phoneme correspondences enables readers 
to decode longer words easier and faster and to retain 
their spellings in memory. For example, it is easier 
for readers to remember the spelling of interesting if 
they know the four grapho-syllabic spelling patterns 
(in–ter–est–ing) than if they only know the 10 grapho-
phonemic connections. In a study, A. Bhattacharya 
and L. Ehri showed that struggling readers benefited 
from instruction that taught them to connect written 
to spoken syllabic units as they practiced reading mul-
tisyllabic words. These students read and spelled more 
words correctly after training than students who prac-
ticed reading the same words as wholes.

Ehri’s phase theory differs from traditional stage 
theories of reading development in several aspects. 
Whereas processes are qualitatively distinct between 
stages, processes overlap between phases, and move-
ment is gradual. A phase is defined in terms of the 
alphabetic knowledge and strategies that predomi-
nate in learning sight words and in reading unfa-
miliar words. For example, C. Cardoso-Martins, L. 
Rodrigues, and L. Ehri examined the strategies used 
by a group of preliterate adults in Brazil to read 
words. Although they knew quite a few letter shapes 
and names and used partial alphabetic information 
to spell words in a dictation task, they read environ-
mental print labels prealphabetically by using salient 
visual cues alone. When letters in the labels were 
changed, for example, the first c in Coca-Cola replaced 
by l, they did not notice the change, even when asked 
whether there was a mistake. The predominant cues to 

read print were visual, similar to prealphabetic phase 
readers’ reading of environmental print observed by  
P. Masonheimer and colleagues.

Although knowledge of spelling patterns do not 
predominate in students’ word reading until the 
consolidated phase, children begin noticing pat-
terns earlier during development. For example, M. 
Cassar and R. Treiman asked kindergarten and first-
grade children to choose which of two nonwords 
was more word-like. Children selected words like 
foll significantly more often than words like ffol. As 
the occurrence of initial doublets in English is rare, 
results were interpreted as indicating that children 
are attentive to the statistical properties of print 
from an early age. Recently, B. Kessler and his col-
leagues extended these findings to prealphabetic 
spellers. They showed that the digram (two-letter 
sequence) frequencies in the invented spellings of 
4-year-old Portuguese-speaking children in Brazil 
mimicked their frequency in children’s books. More-
over, the more closely the digram frequencies in the 
children’s invented spellings corresponded to those 
in children’s books, the better their scores on a con-
ventional spelling test administered some 30 months 
later, when they were in primary school.

Ehri’s phase theory was based on studies of chil-
dren learning to read English, a writing system noto-
rious for the presence of variable and inconsistent 
grapheme–phoneme correspondences. H. Wimmer 
and P. Hummer suggested that children learning to 
read more transparent orthographies skip the par-
tial phase and launch straight into the full-alphabetic 
phase. They investigated beginning readers in Ger-
man and found that they could decode novel words 
and nonwords, indicating that they were in the full 
phase. However, their beginners had received sys-
tematic phonics instruction, and they were tested six 
months into the school year. It may be that these chil-
dren were observed too late to detect evidence of an 
earlier partial phase.

C. Cardoso-Martins reexamined this question with 
Portuguese-speaking beginning readers in Brazil. Two 
groups of children were studied, one group learning 
to read using a whole-word approach and the other 
group using a phonics approach. Three months into 
the school year, they were tested. Students in the whole 
word group read at the partial phase. They could read 
familiar words, but they could not decode nonwords. 
In contrast, the phonics group could read words and 
nonwords at the full phase.
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More recently, C. Cardoso-Martins investigated 
the development of Portuguese spelling skills in pre-
school-aged Brazilian children who had not yet been 
taught to read but had some knowledge of letters. 
Results revealed that the partial phase was long and 
protracted. Similar to what has been found for Eng-
lish-speaking children, development was closely par-
alleled by growth in alphabetic knowledge and pho-
nological awareness. Taken together, these findings 
indicate that whether or not partial phase readers are 
found among children learning to read in a regular 
writing system depends upon when during develop-
ment they are tested and whether they have received 
phonics instruction and learned to decode words.

Less is known about the development of the con-
solidated phase in more regular orthographies. J. 
Ziegler and U. Goswami suggested that, in contrast to 
what seems to be the case in English, reliance on indi-
vidual grapheme–phoneme correspondences is suffi-
cient for children to become highly skilled readers in 
regular orthographies. P. Seymour and his colleagues 
found that children learning to read in more consis-
tent orthographies could read more than 90 percent of 
words and nonwords correctly by the end of first grade, 
whereas children learning to read English could read 
no more than 34 percent of the words and nonwords. 
It is not clear, however, that the children reading more 
consistent orthographies rely on only grapheme–pho-
neme units. It may depend on the structure of the writ-
ing system and how children are taught to read words. 
Y. Asfaha and colleagues studied children in Eritrea 
taught to read alphabetic writing systems having a sim-
ple syllabic structure with no consonant clusters. The 
group taught to decode larger syllabic units read and 
spelled words better than the group taught to decode 
grapho-phonemic units. Further studies are needed to 
investigate the use of larger orthographic units by chil-
dren learning to read more regular orthographies.

Does	Vocabulary	Knowledge	Contribute		
to	Word	Reading	Acquisition?
Learning to read involves establishing grapho-phone-
mic and grapho-syllabic connections. As a result of 
these connections, seeing familiar printed words acti-
vates not only their spellings but also their phonology 
and meanings in memory. Likewise, hearing or think-
ing about familiar written words activates their mean-
ings and orthography in memory. Given this network 
of connections, it would not be surprising if semantic 
factors also contributed to reading acquisition.

Researchers have studied the role played by vocabu-
lary in learning to read words in English. For example, 
K. Nation and M. Snowling examined the relationship 
between verbal semantic skills, including vocabulary 
knowledge and word recognition in a large sample of 
8-year-olds. Results indicated that vocabulary corre-
lated significantly with word recognition, even after 
controlling for the effect of children’s nonword read-
ing and phonological skills. Moreover, vocabulary 
also accounted for unique variance in word recogni-
tion some four years later, when the children were 13 
years of age. However, other studies have failed to find 
a unique correlation between vocabulary knowledge 
and word-reading acquisition.

Recently, G. Ouellette suggested that not all aspects 
of vocabulary knowledge are equally important for 
word-reading acquisition, and this might account for 
inconsistent findings. Perhaps vocabulary breadth 
(i.e., number of words known) rather than vocabu-
lary depth (i.e., extent of semantic knowledge) is the 
factor that really matters. A number of recent studies 
have indeed shown that knowledge of word meanings 
does not contribute in learning to read words once 
knowledge of pronunciations of different words are 
accounted for. 

Lexical phonology, that is, knowing pronunciations 
of words, might be particularly important for learning 
to read irregular words. Because irregular words are, 
by definition, only partially decodable, knowledge of 
their phonological forms should help readers to figure 
out their correct identities. In line with this, K. Nation 
and J. Cockesey found that the association between 
lexical phonology and word reading is moderated by 
orthographic consistency or regularity. W. Tunmer 
and J. Chapman examined children’s set for variabil-
ity, that is, their ability to recognize and produce the 
correct pronunciations when they heard approxima-
tions of irregularly spelled words (e.g., stowmatch for 
stomach). They found that set for variability measured 
in 5-year-olds (Time 1) explained significant unique 
variance in their word-reading ability two years later, 
even after effects of other Time 1 reading and vocabu-
lary skills had been removed.

In summary, children build a lexicon of sight 
words when they can process and store the spellings 
of words bonded to their pronunciations and mean-
ings in memory. Spellings become bonded to pro-
nunciations when mappings between graphemes and 
phonemes are formed and when larger spelling units 
are connected to syllabic and morphemic units in 
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pronunciations. Development proceeds gradually in 
phases as children acquire knowledge of the alphabetic 
system and decoding skill, from prealphabetic, to par-
tial, full, and consolidated alphabetic phases. As read-
ers attain skill, they are able to read words automati-
cally, and this enables them to focus attention on the 
meaning of text rather than on decoding the words. 
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Federal University of Minas Gerais

Linnea C. Ehri
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Reading	Comprehension
In this entry, children’s reading comprehension is con-
sidered: both its normal development and individual 
differences and specific difficulties. The majority of 
research in this area has been conducted on children 
learning to read in an alphabetic orthography (typi-
cally English), and this entry reflects that bias.

Reading comprehension requires the orchestration 
of many different skills, strategies, knowledge bases, 
and cognitive processes. Most beginning readers will 
be competent users of their native language and will 
already have well-developed listening comprehen-
sion. The majority of those children will acquire 
good reading comprehension because their skills in 
comprehending spoken text, that is, written text read 
aloud to them, will provide a foundation. However, a 
substantial minority of beginning readers have diffi-
culties with reading comprehension, despite develop-
ing good word-reading skills.

The	Development	of	Comprehension	Skills
In recent years, there has been growing research inter-
est in the development of children’s reading com-
prehension, but there is currently no overarching 
developmental model. In this section, we outline the 
main component skills that are important for read-
ing comprehension, and discuss how they develop. A 
longer review of the development of comprehension 
and comprehension-related skills can be found in J. V. 
Oakhill and K. E. Cain.

Children are typically proficient in speaking and 
listening in their native language when they start 
learning to read. Thus, it seems reasonable to assume 
that, once children have learned to decode the words 
in a text, they should be able to use their existing 
language comprehension skills to understand texts 
they read. For many children, this will be the case. 
Once word-decoding skills have been mastered, 
there is usually a strong association between listen-
ing comprehension and reading comprehension, 
and this correlation tends to increase with age, as 
children become more proficient decoders, accord-
ing to H. W. Catts, T. P. Hogan, and S. M. Adlof. Chil-
dren’s everyday spoken interactions may not always 
be a reliable guide to their listening comprehension 
ability because, for example, the context of spoken 
language provides many cues to meaning (e.g., facial 
expression, tone of voice, and intonation patterns of 
the speaker as well as gestures), and such cues, report 
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A. Garton and C. Pratt, are not present when a text 
is being read.

There are reasons why beginner readers in particu-
lar might have comprehension problems that are spe-
cific to written texts (even when read aloud) because 
the language of books is a specific language register 
with which children may not be familiar, particularly if 
they lack experience with literacy through shared book 
reading before they start school. First, written language 
typically makes use of syntactic constructions and 
vocabulary that may not be familiar to young children. 
Second, comprehension of written language requires 
the integration of information across extended tracts 
of discourse in a manner that spoken language usually 
does not (and, of course, the text cannot be interrogated 
in the way that an unclear speaker can). Third, young 
children may be so engrossed in the word-decoding 
aspect of reading that they do not have sufficient spare 
cognitive capacity to carry out comprehension pro-
cesses (a point to which this entry returns below). As 
children’s decoding skills improve, they will have more 
cognitive resources to devote to comprehension, and 
as mentioned earlier, listening comprehension skills 
become the better predictor of reading ability.

What	Is	Successful	Text	Comprehension?
Successful text comprehension results in a coherent 
and integrated representation of the state of affairs 
described in the text: a representation that is referred 
to as a mental model by P. M. Johnson-Laird or a 
situation model by W. Kintsch. For successful read-
ing comprehension, fast and efficient word-decoding 
skills are essential, but with the exception of decoding, 
the same skills, strategies, knowledge bases, and cog-
nitive processes contribute to the construction of this 
representation, whether the text is read aloud to the 
comprehender (listening comprehension) or read by 
the comprehender (reading comprehension).

Good vocabulary knowledge is needed to retrieve 
individual word meanings, and good grammar ena-
bles the comprehender to combine these words into 
meaningful phrases and sentences. But, to derive a 
representation of the text as a whole requires that the 
meanings of sentences are linked up by both integra-
tion of information across the text and the integration 
of the information in the text with relevant general 
knowledge. Our focus here is on the development of 
the skills, strategies, and knowledge that are specifi-
cally associated with the construction of this represen-
tation of a text’s meaning, namely inference making, 

comprehension monitoring, and understanding and 
use of text structure, and the cognitive processes that 
support them, namely working memory. 

Factors	That	Contribute	to	Successful		
Text	Comprehension
Inference making. Inferences are essential to text 
comprehension because the construction of an inte-
grated and coherent text representation requires that 
the reader goes beyond the literal content of the text. 
Inferences will be needed both to link up the ideas in 
the text and to relate the text to general knowledge. 
Inferences have many roles in comprehension, accord-
ing to A. C. Graesser, M. Singer, and T. Trabasso: to 
establish referential coherence, to link causal anteced-
ents to events, and to establish characters’ emotional 
reactions. Many authors have used a broad, two-way 
classification of inferences: those that are required 
for text coherence and elaborative knowledge-based 
inferences. Coherence inferences are often called nec-
essary inferences because they require that informa-
tion explicitly provided in the text is integrated and 
that information from general knowledge is incorpo-
rated with information in the text itself to establish 
local cohesion between adjacent clauses or to establish 
global coherence among different events, actions, and 
states in a text. So, for example, if we read the sentences 
A student carelessly threw away a burning cigarette and 
The fire destroyed many trees on the campus, we can 
reasonably make the causal inference to connect the 
sentences that the discarded cigarette caused the fire.

Elaborative inferences may be made to embellish 
information in the text, but they are not strictly neces-
sary to understanding. For instance, in the above text, 
an elaborative inference might be that the student was 
disciplined for his or her irresponsible behavior. The 
emerging meaning-based representation of the text 
can be used to identify gaps in the reader’s compre-
hension, which can then act as a signal to the reader 
that an inference is needed.

Young children’s inference making is related to 
both their listening comprehension and their reading 
comprehension, in addition to other factors such as 
vocabulary knowledge, as found by many researchers. 
However, a recurrent theme of developmental stud-
ies of inference making, reported by M. A. Barnes 
and colleagues, is that young children are less likely 
to make inferences than older children. Although 
an inference can be made only if the comprehender 
has the requisite general knowledge, developmental 
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differences in inference making from 6 to 15 years 
cannot be explained simply by lack of knowledge. 
Strategic reading behavior may also play a role in the 
generation of inferences, and thus, young children’s 
poorer inferential skills may arise because they lack 
knowledge about how and when to make inferences.  
A further possibility is that young children’s infer-
ence-making skills are limited by their working mem-
ory capacity. This entry returns to this issue below. 

Comprehension monitoring. Comprehension monitor-
ing is a form of metacognition: the ability to reflect 
on the purpose, goals, and processes of reading, and to 
regulate one’s own reading. Good readers check their 
understanding of text as they read and also after read-
ing. This ability to monitor one’s comprehension is 
usually assessed by error-detection tasks that require 
the reader to point out problems in a text, such as non-
words, scrambled sentences, contradictory sentences, 
or statements that conflict with world knowledge.

Monitoring tends to improve with age, but it can 
also be affected quite substantially by the demands of 
the task. For instance, although younger children are 
typically quite poor at comprehension monitoring, 
they can detect some errors and are better at detect-
ing nonwords than internal inconsistencies (where 
two pieces of information in the text contradict each 
other), as reported by K. Zabrucky and D. Moore. Chil-
dren’s performance is also influenced by instructions: 
They are more likely to report problems when they are 
forewarned of them, required to assess whether infor-
mation is sufficient (instructions, e.g.), or if the task 
is presented as a game (the children are asked to pre-
tend they are editors or detectives, as in a study by I. de 
Sousa and J. V. Oakhill).

If a reader detects that his or her comprehension is 
inadequate, he or she needs to engage in fix-up strate-
gies, such as rereading the text, checking the meaning 
of a word, or generating an inference to make a link 
between two pieces of information. Another aspect of 
metacognition essential for good comprehension con-
cerns how to read for different goals and purposes. For 
instance older, as opposed to younger, readers know 
that people might read differently if they are trying to 
find facts rather than trying to memorize a passage. 
In addition, effective readers need to know what cor-
rective action to take if they detect a comprehension 
failure, and the ability to use these repair strategies 
improves with age. Thus, young children’s compre-
hension ability might be limited by poor monitoring 

or restricted knowledge about the goals and purposes 
of reading and effective reading strategies. 

Text structure understanding. Texts, and stories in 
particular, have typical structures. Stories have a 
beginning, a middle, and an end, and at the begin-
ning, the reader can expect to find information about 
the main characters and the setting. Expository (or 
informational) texts also conform to particular struc-
tures, which guide how the ideas will be presented in 
relation to each other (e.g., compare and contrast). 
Knowledge about the structural elements of narra-
tive and expository text develops during childhood. If 
the reader starts with an idea of how the different ele-
ments in the text to be understood will be organized, 
that expectation can be used to guide his or her inter-
pretation of the text as a whole and the construction 
of a text representation.

Explicit awareness of text structure encompasses a 
range of levels of appreciation, but an important one 
is the ability to appreciate which are the main ideas 
in a text (what it is about) and to understand how 
other ideas, actions, and arguments relate to those 
main ideas. Most research in this area with young 
readers has focused on their understanding of nar-
rative structure because this is the form of text with 
which they are most familiar. The ability to identify 
the main ideas in a text has been described as the 
essence of reading comprehension. Younger readers 
often have problems identifying the central themes 
or main ideas of texts. With age and experience of 
stories, children get better at selecting the main point, 
according to S. R. Yussen, and they also have expecta-
tions about what types of information are likely to 
occur in stories and, if presented with stories with 
key elements missing, will tend to add those back in 
when retelling stories so that the retold story better 
conforms to a canonical story structure. Similarly, if 
a story is told with the events out of order, children 
often restore it to a more normal order when they 
retell it, as N. L. Stein found. 

Children’s understanding of narrative structure 
can be assessed by asking them to tell stories. Chil-
dren’s narratives become more coherent with age, 
and there are age differences in the types of structural 
frameworks used in their productions. For instance, 
preschoolers tend to tell character or temporally 
bound narratives, but by 8 to 10 years of age, children 
produce more sophisticated event sequences that are 
causally related and integrated.
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It is likely that some of the developmental gains 
in knowledge about story conventions and struc-
tural coherence are facilitated by reading experi-
ence. Those children with several years’ experience 
of reading and listening to stories will simply have 
had more exposure to story conventions and well-
formed stories than younger children. It is also likely 
that, as children acquire knowledge and use goal 
plans to interpret everyday events, they will become 
more adept at constructing coherent, integrated rep-
resentations of such events (whether they be actual 
or fictional).

Memory. An additional factor, which might limit the 
development of each these skills, is working-memory 
capacity. Working memory, according to A. Baddeley, 
refers to the system used to store and manipulate infor-
mation simultaneously. Both children’s working-mem-
ory capacity and their comprehension skills increase 
with age. The cognitive resources available to readers 
will affect how well they can engage in the processes 
needed to set up and develop their representations of 
a text’s meaning. Thus, working-memory capacity may 
be a limiting factor in the development of good text 
comprehension.

In relation to the three skills and knowledge bases 
outlined above, the importance of memory is clear. 
The available processing capacity of this memory 
system will limit the ability to integrate information 
within the text and to incorporate general knowledge 
to fill out implicit details. Age-related improvements 
on comprehension monitoring assessments such as 
error-detection tasks may also be related to children’s 
developing information processing capabilities. Of 
course, effective comprehension monitoring cannot 
take place in the absence of good comprehension 
because, unless the reader has acquired the ability to 
integrate propositions to construct a coherent repre-
sentation of a text, he or she will not appreciate that a 
text lacks coherence or is inconsistent. Thus, success-
ful comprehension monitoring is likely to be linked to 
good text integration skills and vice versa. In addition, 
some of the story production difficulties experienced 
by young children may be, at least in part, attributable 
to memory limitations, which limit planning ability, 
rather than a lack of knowledge about narrative struc-
ture per se. However, as knowledge of text structure 
improves, it may help to support the construction 
of text representations, freeing up greater processing 
capacity for inference and monitoring.

Reasons	for	Comprehension	Failure
Studies of elementary-school children by K. Nation 
and others have consistently found that about 8 to 
10 percent of children in mainstream education can 
be classified as having a specific problem with read-
ing comprehension; that is, they have age-appropriate 
word-reading skills, but their comprehension is below 
what would be expected from their chronological 
age and word-reading level. There are several differ-
ent ways to identify such children, and of course, the 
proportion of children classified with a specific deficit 
will vary depending on the precise definition of what 
constitutes a sufficient lag in comprehension. In this 
section, we consider what might underlie such chil-
dren’s difficulties and review the evidence that read-
ing comprehension difficulties arise because of defi-
cits in a range of aspects of written and oral language.

Slow or inaccurate word reading may affect com-
prehension because it uses up limited processing 
capacity that is necessary for text comprehension pro-
cesses such as inference and integration. As a result, 
D. Shankweiler found that children with poor word 
reading often have below-average reading compre-
hension. The process of identifying children with 
a specific reading comprehension difficulty is usu-
ally designed to rule out word-reading efficiency as 
a source of their text-level comprehension problems 
and typically involves measuring their single-word 
reading, nonword decoding, and the accuracy with 
which they can read connected prose. In addition, 
several studies have demonstrated that phonological 
processing skills, which are weak in poor word read-
ers, are intact in poor comprehenders.

There is now increasing consensus that poor com-
prehenders’ difficulties stem from language weak-
nesses. Attention has focused on different aspects of 
language that might be the source of their text-level 
difficulties. One perspective is that weak vocabulary 
skills are the source of problems with language com-
prehension at the sentence and text level. Vocabulary is 
one of the best predictors of reading comprehension, 
and obviously, if a reader does not understand a high 
proportion of words in a text, he or she will not be 
able to glean the meaning of the text as a whole. Some 
poor comprehenders have impoverished vocabulary 
knowledge, but many researchers have found that it 
is also possible to identify children with age-appro-
priate vocabulary who experience a substantial com-
prehension deficit. Thus, it is clear that not all text-
level comprehension problems arise because of poor 
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vocabulary. A similar pattern is found with syntactic 
abilities: Some poor comprehenders have problems 
with particular morphosyntactic structures, while 
others do not show a weakness on the same measure. 

How might such differences be explained? Both word 
reading and reading comprehension exist across a con-
tinuum, and as noted, there is no single agreed-upon 
way to identify a child who has a weakness. Thus, these 
contradictory findings may simply be because differ-
ent research groups use different selection procedures. 
Another possible reason for these differences is that 
the relations between vocabulary, morphosyntax, and 
reading comprehension are complex and not necessar-
ily unidirectional. For example, it may be that reading 
comprehension and vocabulary may be related indi-
rectly by a third factor, such as the ability to learn from 
context. A deficit in learning from context might not 
only impede vocabulary development, but might also 
affect the ability to use context to generate inferences, 
and thus lead to comprehension difficulties. Indeed, K. 
Cain and J. Oakhill found some poor comprehenders 
show slower vocabulary growth than their peers and 
also slower progress on measures of morphosyntax. 
As a result, the language strengths and weaknesses of 
poor comprehenders may change over time.

Poor comprehenders are usually identified on the 
basis of performance on a measure of understand-
ing connected prose. A wealth of research has identi-
fied weaknesses in the skills essential to the construc-
tion of a mental representation of a text, which this 
entry reviewed earlier. Poor comprehenders have dif-
ficulties in making appropriate inferences from text, 
which cannot be attributed solely to a lack of relevant 
knowledge. Poor comprehenders have difficulty in 
monitoring their understanding, have impoverished 
knowledge about reading strategies, and are not good 
at producing coherent and integrated narratives. To 
some extent, these problems may be related to pro-
cessing difficulties, and indeed, poor comprehenders 
do poorly on measures of working-memory capac-
ity. However, when differences in working-memory 
capacity are controlled for, skills such as inference 
making and comprehension monitoring explain com-
prehension level over and above memory. Thus, gen-
eral processing difficulties cannot explain fully poor 
comprehenders’ difficulties with the discourse-level 
skills that enable skilled readers to construct coherent, 
meaning-based representations of text.

An issue with much of the research on poor read-
ing comprehension is that it has used a cross-sectional 

design: Good and poor comprehenders’, usually 
matched for chronological age, word-reading ability 
and vocabulary knowledge, are compared on mea-
sures of interest. Such studies inform us about corre-
lations between skill deficits and text-comprehension 
difficulties, but they cannot identify the causes of poor 
comprehension. For example, as mentioned above, 
children may have problems with text comprehension 
because they have poor knowledge about text struc-
tures. Alternatively, they may lack knowledge of text 
structures because their poor reading comprehension 
experience has provided them with few opportunities 
to develop this skill. 

Recent investigations have begun to address the 
issue of causality by using comprehension-age match 
designs, training studies, and longitudinal work, 
where the progress of the children is followed over 
a number of years. These research designs enable us 
to draw some conclusions about the most plausible 
direction of the relations between component skills 
and reading comprehension, and a recent longitudi-
nal study by Oakhill and Cain provides evidence that 
inference skills, text structure understanding, and 
comprehension monitoring are all causally impli-
cated in the growth of reading comprehension. 
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Recasts,	Clarifications,		
and	Other	Indirect		
Negative	Evidence
From the moment of their birth, children live in a 
human environment that uses language. This envi-
ronment provides the child with samples of correct 
language form and usage, known as positive evidence, 
but also with samples of incorrect form and usage, 
known as negative evidence. These positive or nega-
tive samples may involve phonology, morphology, 
syntax, and pragmatics. 

Positive evidence arises from child-directed 
speech or overheard speech (production directed at 
someone else, speakers heard on television, on the 
radio, etc.). Negative evidence appears in situations 
in which the child produces an erroneous utterance 
that is immediately corrected by the adult. These cor-
rections take place within daily conversation (at play, 

at bedtime, at meals, on walks, etc.) and not in the 
framework of language lessons. Explicit corrections 
expressed in the form of negative evidence such as, 
“We don’t say ‘go’; we say ‘went,’” are extremely rare 
and typically have the consequence of disrupting the 
child–adult conversation. Adults correct children’s 
utterances in many different ways that can be con-
sidered indirect negative evidence, including recasts, 
partial repetitions, expansions, or requests for clari-
fication. This indirect negative evidence maintains 
the thematic continuity of the conversation while at 
the same time providing a correction to the child’s 
utterance.

Examples	of	Negative	Evidence	
The following examples are provided by M. M. Choui-
nard and E. V. Clark and E. V. Clark, and J. Bernicot, 
from English-speaking children or French-speaking 
children:

(1) Recast with phonological correction: 
Elodie B (2;3): Du lli dedans
“Some rice inside.”
Mother: Oui y’a du riz dedans
“Yes there’s rice inside.”

By correcting the pronunciation of a word, the 
mother tells the child that she shares the child’s 
description of the world.

(2) Recast with syntactic correction: 
Camille (2;4): Font dodo/
“Are sleeping.”
Mother: Ils font dodo / ouais / ben oui.
“They’re sleeping / yeah / yes indeed.”
Camille: Chut! [child raises her finger to her lips] 
“Shh!”

By adding the necessary personal pronoun that 
was missing, the mother indicates to the child that she 
shares the child’s description of the world. 

(3) Recast with syntactic correction: 
Abe (2;5.10): “I want butter mine.”
Father: “OK, give it here, and I’ll put butter on it.”
Abe: “I need butter on it.”

By replacing mine with the correct form on it, the 
father indicates to the child that he is going to carry 
out the child’s request. 
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(4) Recast with syntactic and lexical correction: 
Philippe (2;1.26): une petit de lait
“a little of milk”
 Mother: une petite boîte de lait
“a little carton of milk”
Philippe: petite boîte de lait
“a little carton of milk”

By making the adjective little feminine (petite) and 
by adding the word carton, the mother indicates to 
the child that she shares the child’s description of the 
world.

(5) Request for clarification:
Abe (2;6.4): “Milk. Milk.”
Father: “You want milk?”
Abe: “Uh-huh.”
Father: “OK. Just a second, and I’ll get you some.”

By adding a verb and an interrogative intonation 
to the word milk, the father makes the child clarify his 
intention, unspecified at the outset.

(6) Request for clarification: 
Audric (3;5): J’aimais pas les enfants avec leurs 
masques.
“I didn’t like the children with the masks.”
Mother: Ah! C’est les masques qui te f ’saient peur? 
“Ah! It’s the masks that scared you?”

By reusing the word mask in an utterance with an 
interrogative intonation, the mother attempts to clar-
ify the child’s expression of an intention or a vague 
feeling.

The	Reality	of	the	Existence	of	Negative	Evidence
Interest in negative evidence dates back to the early 
1980s. At that time, researchers considered that either 
negative evidence did not exist or, if it did, it did not 
facilitate the production of grammatically correct 
utterances in children. This point of view was con-
tradicted by a consistent set of research showing that 
adults correct the ill-formed utterances of children 
and that children are sensitive to adults’ responses to 
their erroneous utterances. Seventy percent of recasts 
or expansions by adults are made in response to a 
child’s error. Children imitate the recasts and expan-
sions of their parents more than other utterances. The 
corrective adult input, over the long term, improves 
the grammatical level of children’s utterances, 

especially when negative evidence is provided. Adults 
have a greater tendency to recast the incorrect—
rather than the correct—utterances of children, 
according to a study of children between the ages of 2 
and 4 who speak English or French. The percentage of 
recasts is the same in terms of error type: phonologi-
cal, morphological, lexical, or syntactic. Children take 
these recasts into account by simply repeating them 
or by adding information to them, by ratifying them 
explicitly, or by rejecting them. In a study of French-
speaking toddlers of ages 2 to 3½ years, adult recasts 
also came in response to pragmatic errors involving 
conversational rules wherein the child’s communica-
tive intention was unclear. 

In producing erroneous utterances, children not 
only make errors in language structure, but also vio-
late the conversational maxims of H. P. Grice. These 
maxims help to ensure that the principle of coopera-
tion is respected in conversation and, therefore, that 
the intentions of each speaker are understood by the 
other speaker. When children make errors of omission 
by leaving out a word or grammatical morpheme, they 
violate the maxim of quantity—say as much as nec-
essary—as in (2). In this child’s utterance, the agent 
is omitted, making it impossible to determine who is 
sleeping. The mother’s repetition clarifies this (they). 
When the child makes an error by using the wrong 
word or morpheme to convey meaning, the child vio-
lates the maxim of manner—be clear—as in (6). By 
repeating, the mother translates the child’s intentions: 
By saying, “I didn’t like,” the child was trying to mean, 
“I was scared.”

The	Role	of	Negative	Evidence	in		
Language	Acquisition
The role played by negative evidence in young chil-
dren’s acquisition of oral language varies across theo-
retical perspectives. Some researchers are of the opin-
ion that negative evidence either does not exist or, 
if it does, does not impact language acquisition; this 
view is associated with the generativist framework 
that views grammar learning as the result of inborn 
programming.

For researchers that assume the existence of nega-
tive evidence, determining the process by which it 
facilitates language acquisition is crucial. The imme-
diate contrast between a child’s ill-formed utterance 
and the adult’s recast signals that the child has made 
an error, shows the locus of the error, and presents 
the child the correct form. The child can compare 
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incorrect and correct forms that mean the same thing, 
as in (1) lli/riz (rice) or (5) milk/you want milk.The 
child recognizes the adult’s expertise in expressing 
meaning using conventional forms. This process is 
illustrated in (2) and (5) when, in the third speaking 
turn, the child uses the adult’s correct form. The nega-
tive evidence helps to build common ground between 
the child and the adult, common ground that contains 
shared knowledge about language forms and conven-
tions of use. The examples illustrate the importance 
of negative evidence in solidifying common ground at 
each step of the exchange. The adult offers informa-
tion that is new to the child; the child takes it and, from 
that moment on, treats it as given information. This 
often results in the child repeating the information in 
a question, in which case the exchange includes three 
speaking turns (compare examples [3] and [4]). The 
shift from new to given information with each speak-
ing turn of an exchange adds continuity and consis-
tency, while the participants simultaneously increase 
their common ground. Negative evidence, interpreted 
within communicative exchanges that obey the prin-
ciple of cooperation, provides children with models 
of language form and usage. By means of the back and 
forth of interaction, children can incorporate such 
models into their own productions and thereby learn 
their mother tongue.

Josie Bernicot
University of Poitiers
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Referential	Communication
One of the main functions of language is reference: 
the process whereby one person directs another’s 
attention to some object or event (known as the ref-
erent). Infants typically start engaging in referential 
communication just before their first birthday, when 
they begin to point at objects and use vocalizations 
in order to direct their caregiver’s attention. However, 
although the basics are in place in infancy, it takes 
many years to learn how to use conventional language 
to refer to things efficiently (and to understand others 
when they are attempting to do so). The problem is 
that languages provide all sorts of ways of referring to 
things, and so each act of reference involves choosing 
the best way given the current context (e.g., choosing 
whether to say: that, him, the dog, my dog, or the dog 
eating your dinner). 

For the speaker, the trick is to provide the listener 
with just the right amount of information to easily 
identify a referent in the midst of competing alterna-
tives. Conversely, the listener needs to infer the speak-
er’s communicative intent rapidly, taking into account 
information as diverse as where the speaker is look-
ing, the prior conversation, and real-world knowl-
edge. Successful reference is not always achieved with 
one turn, and conversational partners can spread the 
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burden of communication over an exchange, repair-
ing where necessary. Although toddlers demonstrate 
an incipient ability to adapt their referring expressions 
to their interlocutor’s epistemic and perceptual state (a 
process called audience design), it takes several years 
of practice for them to understand how different ele-
ments of their language (e.g., pronouns and relative 
clauses) can be used to introduce or maintain focus on 
a referent. Because different languages make different 
tools for reference available, some studies have pro-
vided rich cross-linguistic comparisons of this aspect 
of linguistic development.

Naturalistic corpus studies on languages as diverse 
as Korean, English, and Inuktitut have shown that 
2-year-olds tend to adapt their use of referring expres-
sions to their interlocutors’ needs. For example, they 
are more likely to use fully informative noun phrases 
(as opposed to null reference) if the referent is not 
accessible to the listener (e.g., if it can’t be seen, has 
not previously been mentioned, and is thus not in 
common ground). However, as the referential form a 
child uses in any given utterance will depend on many 
factors (including the grammatical role of the refer-
ring expression, the prior discourse, and the nature of 
the visual scene), researchers have turned to experi-
ments to establish precisely which factors affect chil-
dren’s comprehension and production of referring 
expressions and at which points in development. 
Many experimental studies use tasks where the child 
is seated in front of an array of objects, and an experi-
menter (who sometimes cannot see what the child 
is looking at) either refers to a target object that the 
child needs to identify (thereby measuring compre-
hension in terms of object selection, eye movements, 
or reaction times) or requires the child to refer to a 
target (thereby measuring production).

When comprehending referring expressions (a 
process known as reference resolution), children learn 
to gauge which referents are accessible to their inter-
locutors; this allows the child to actively predict what 
object is being referred to even before the interlocu-
tor has finished speaking. For example, if a 5-year-old 
and an experimenter are looking at an array that con-
tains two glasses (one large and one small), a small 
ball, and a crayon, and the experimenter says, “Look 
at the small–,” the 5-year-old will immediately look 
to the small glass, even though the word glass has not 
yet been uttered. At this age, children are able to infer 
that the speaker’s use of certain types of modification 
(in this case, the adjective small) implies that he or she 

is talking about an object that is one of a contrast set. 
Importantly, children only make this inference when 
they know the speaker can see both objects in the set. 
In fact, children this age take many speaker-related 
factors into account when comprehending speech. 
For example, they form referential pacts such that, if a 
speaker arbitrarily chooses one expression to refer to 
an object over an equally good alternative (e.g., calling 
it a spotty ball instead of a bouncy ball), 5-year-olds 
will expect this speaker to use the same expression for 
the rest of the conversation. A switch to an alternative 
midconversation would trigger an inference that the 
speaker must now intend to refer to some other ball.

Research on children’s production of referring 
expressions has focused on the fact that children often 
produce ambiguous speech that does not uniquely 
identify referents. Training studies have shown that con-
versational experience can promote children’s ability to 
produce appropriately informative referring expres-
sions. Providing children with the opportunity to refer 
to things and asking them for clarification when neces-
sary leads them to become more effective communica-
tors and to rapidly learn new linguistic structures that 
are useful for specifying referents (e.g., relative clauses). 
The precise nature of the cognitive representations chil-
dren build when learning is a matter of current debate. 
Some argue that minimal audience design is required 
to produce appropriate referring expressions in fluent 
speech and that heuristics could drive referential choice 
most of the time, whereas others focus on evidence of 
swift and flexible adaptation to the speaker that is sug-
gestive of rich social processes at work. Another open 
question is how referential communication skills relate 
to other pragmatic abilities. 

The evidence so far suggests limited correlation 
in individual differences across apparently related 
pragmatic tasks. For example, studies of children 
with specific language impairment have highlighted 
that children’s performance on referential commu-
nication tasks does not correlate with their ability to 
be appropriately informative in open conversation. 
The questions of individual differences and learning 
mechanisms are currently being addressed as part of 
a recent surge in interest in the development of ref-
erential communication due in part to efforts in the 
field of engineering to build artificial systems that can 
achieve reference in a human-like way.

Danielle Matthews
University of Sheffield
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Relational	Terms
Scholars have considered young children’s acquisi-
tion of relational terms for several different purposes. 
These include assessing hypotheses regarding pro-
cesses and sequences of word acquisition, assessing 
comprehension of words with contrasting meaning 
(e.g., more and less), investigating the intersections of 
language and cognition, assessing whether linguistic 
knowledge of relational terms mediates performance 

on the Piagetian tasks used to assess children’s con-
crete-operational status, and exploring relations 
between certain words as they are used in natural lan-
guage and in logical reasoning.

There is no consensus as to the definition (either 
intensional or extensional) of the expression rela-
tional terms. However, it is generally agreed that these 
terms do not themselves refer to entities, states, or sit-
uations; and they express a relation between various 
entities, states, situations, or linguistic units.

Some research that addresses the acquisition of 
relational terms focuses on conjunctions (e.g., before, 
after, when, because, so, if, but, and or) that express 
a relation between the propositions contained in 
two clauses composing a sentence, for example, 
Because he had a headache, John left work and went 
home. Other research addresses the acquisition of 
words that express relative quantity (e.g., more, less, 
and same) and spatial orientation (e.g., above, below, 
between, on, in, over, under, in front of, behind, and 
beside). Other researchers consider virtually all verbs 
to be relational terms because they express relational 
meanings, in contrast to simple nouns, which express 
referential meanings.

Research on vocabulary acquisition has relied both 
on children’s production (spontaneous and elicited) 
of words and on their responses to sentences contain-
ing the words. Scholars differ in terms of whether 
production or comprehension measures provide a 
more valid assessment of young children’s under-
standing of word meaning. On comprehension tasks, 
children are required to provide a response, and these 
responses may not reflect processing of the target 
word. For example, faced with a task in which they are 
asked to select which of two pictures depicts what was 
said in a sentence, some children may always point to 
the picture on the left, regardless of the sentence they 
heard. Spontaneous production avoids the response 
pressure and hence response biases inherent in com-
prehension tasks, but collecting a sample of spontane-
ous productions of a particular term is much more 
time-consuming than having children participate in a 
comprehension task. In addition, some scholars have 
argued that it is difficult to know—even if a produc-
tion sounds adultlike—whether the child truly has 
mastered the meaning of a term used spontaneously.

More studies have focused on before and after than 
other relational terms. Eve Clark’s influential proposal 
that children’s acquisition of word meaning follows a 
semantic feature analysis was based primarily on her 
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research on children’s acquisition of before and after. 
According to this perspective, children learn the mean-
ings of words one feature at a time, with superordinate 
features learned earlier than subordinate features and 
the positive dimension of each feature learned earlier 
than the negative feature. In the case of before and 
after, Clark’s data supported her proposed theory that 
children learned the features in the following order: 
+time, +simultaneous, –simultaneous, +prior, then 
–prior. A number of subsequent studies failed to rep-
licate Clark’s findings, suggesting instead that, rather 
than supporting a semantic feature account of how 
children learn word meanings, Clark’s data reflected 
young children’s linguistic and nonlinguistic response 
biases along with subtle aspects of how the assessment 
was administered.

Lucia French and her colleagues investigated the 
connection between children’s mental representations 
and their understanding of the vocabulary used to 
express temporal and causal relations. During elicited 
descriptions of familiar events, such as birthday par-
ties and going to the grocery store, 3- to 5-year-olds 
frequently used relational terms (e.g., before, after, 
because, so, if, but, and or). These were invariably used 
correctly and expressed the temporal–causal rela-
tions inherent in the events themselves (e.g., You blow 
out the candles before you cut the cake.). Subsequent 
research using comprehension tasks indicated that 
children showed accurate comprehension of these 
terms when they expressed temporal–causal relations 
with real-world constraints (Jane and her aunt put the 
cookies in the oven after they made the cookie dough) 
at an earlier age than they comprehended the terms 
when they expressed plausible sequences that did not 
reflect real-world constraints (At the park, John chased 
a squirrel before he went down the slide). These find-
ings were interpreted as indicating that children rely 
on real-world knowledge as a basis for initial under-
standing of the terms, only later extending this con-
text-bound understanding of the terms to compre-
hending and expressing relations not constrained by 
real-world contingencies.

The tasks Jean Piaget used to assess children’s 
conservation of substance, area, quantity, number, 
and length typically involved showing children two 
identical arrays that they agreed were the same, then 
changing one of the arrays and questioning the child 
using the words same, less, and more. For example, 
after a child agreed that two balls of clay had the same 
amount of clay, the experimenter might flatten one 

ball into a pancake shape, then ask, “Now, do these 
have the same amount of clay? Does one have more 
clay? Does one have less clay?” Children who indi-
cated that the two objects had the same amount of 
clay and justified their answer (e.g., no clay was taken 
away or added, or you could make the pancake back 
into a ball) were considered to have achieved the stage 
of concrete operations. Piaget’s conclusions were crit-
icized on the basis that, even if they did understand 
conservation, younger children might be unable to 
successfully complete the tasks because they did not 
fully understand the language used during the assess-
ment. This critique was supported by a number of 
studies, leading to the conclusion that children’s 
understanding of conservation is sometimes masked 
by their inability to fully understand the language 
used in the assessments.

Words such as not, or, and, and if have meanings 
in ordinary language, meanings in logical thinking 
and discourse, and meanings in formal logic. In some 
cases, investigators have conflated the various types of 
meanings, leading to claims, for example, that even 
adults do not understand the meaning of the word or. 
Scholars who investigate the cognitive consequences 
of literacy claim that written language provides a 
context for taking language as an object of knowing, 
which in turn establishes awareness of the ways cer-
tain words can be used to create and express logical 
contingencies. Literate people then can operate with 
either ordinary language or logical meanings of the 
terms and can use their understanding of the logical 
meanings as the basis for learning formal logic.

Lucia French
University of Rochester
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Semantic	Development
Semantic development is the study of the how the mean-
ings of linguistic expressions are acquired and change 
over time. The scope of semantic development is vast. 
Just as the formal properties of linguistic expressions 
can be studied at many levels so, too, can the meanings 
attached to linguistic expressions. One can study the 
development of the meanings of individual words, sen-
tences, morphemes, and whole discourses. This entry 
will focus mainly on semantic development as it relates 
to individual monomorphemic words such as dog or 
push. The meanings of individual words contribute to 
the meanings of sentences and thus also indirectly con-
tribute to the meanings of whole discourses. Due, in 
part, to the vast scope of a putative theory of semantic 
development, there is no theory of semantic develop-
ment; however, researchers have identified a number 
of factors that influence the order in which the mean-
ings of linguistic expressions are acquired and change 
during the course of development. Systematic patterns 
in semantic development tend to reflect differences in 
access to the types of information needed for mapping 
different types of words onto their meanings and sys-
tematic changes in the the conceptual representations 
that underlie word meanings.

Meaning	Representations
Though philosophers continue to debate the nature 
and existence of meanings, psycholinguists and 

linguists have generally assumed that meanings are 
mental representations. The meaning of a linguistic 
expression is understood to correspond to a set of 
nonlinguistic mental representations onto which the 
linguistic expression is mapped. In the case of word 
meanings, this involves mapping the phonological 
form of a word (e.g., /dôg/) along with its syntactic and 
morphological forms onto the concept that represents 
the meaning of the word (e.g., the concept dog). 

This way of thinking about words and their mean-
ings implicates two sources of semantic development. 
First, semantic development may be the consequence 
of conceptual development. If the concept that repre-
sents the meaning of a word undergoes development 
so will the meaning of the word. Second, semantic 
development may be due to changes in the ease with 
which words may be mapped onto different types 
of concepts over the course of development. So, for 
example, children may learn the meanings of words 
like dog or ball, which name kinds of objects, before 
they learn the meanings of words like think or remem-
ber, which name mental processes, because the infor-
mation needed to map names for kinds of objects onto 
the relevant concepts is available earlier than the infor-
mation needed to map names of mental processes.

The	Problem	of	Learning	the	Meaning	of	a	Word
Though learning the meaning of a word is under-
stood to involve the simple process of mapping the 
sound of a word onto the concept that represents the 

S



word’s meaning, the question of how children are 
able to identify the right concept is understood to be 
anything but simple. In any given situation in which 
a word is used, there are a multitude of concepts that 
the child could potentially consider as possible mean-
ings for the word. For example, in a situation in which 
a parent uses the word dog to refer to the family pet, 
not only is the concept dog applicable but so are many 
other concepts such as furry, black, friendly, animal, 
pet, tired, hungry, mammal, and sitting. The problem 
of mapping a word onto its meaning is further com-
plicated by the fact that often no visible referent is 
available in the context of an utterance. For example, 
an utterance containing the word open (e.g., Open the 
door, please) is often used when nothing is open and 
no act of opening is occurring. Finally, many of the 
words parents use in talk to young children refer to 
abstract, unobservable things (e.g., think, pretend, or 
nap). In short, children cannot learn the meanings of 
words by simply associating words with aspects of the 
observable environment. Instead, children must pos-
sess or acquire mechanisms and strategies that allow 
them to infer the meanings of words across a range of 
learning circumstances and types of meanings.

Despite the complexities involved in learning the 
meanings of words, children appear to become experts 
at this by the time they are 2 years old. Two-year-olds 
can learn the meaning of a word given just a few inci-
dental uses of the word, a phenomenon known as fast 
mapping. For example, children can learn the mean-
ing of an unfamiliar word such as chromium through 
a few uses of the word that are not directly aimed at 
teaching the meaning of the word, such as I am going 
to put this on the chromium tray, not the red tray. 
Three- and four-year-olds can remember the mean-
ings of words taught in this manner for up to at least 
a month.

Though fast mapping was initially thought to be 
a phenomenon that was specific to word learning, 
there is now evidence that fast mapping also occurs in 
learning nonlinguistic facts. Nevertheless, fast map-
ping plays an especially important role in word learn-
ing as it allows children to establish a strong and reli-
able mapping between the sound and meaning of a 
word given just one or a few opportunities to perform 
the mapping. Word learning would be extremely hard 
and slow if children had to solve the mapping prob-
lem multiple times for each word. Given the fast map-
ping procedure, children’s ability to learn the meaning 
of a word is limited primarily by their ability to figure 

out which concept a word should be mapped onto or 
the availability of the concept. The fast mapping pro-
cedure applies to identifying the core meaning of a 
word and in many cases works in concert with a slow 
mapping procedure by which the child gradually fig-
ures out the details of the meanings of words. While it 
is clear that the meanings of many words are refined 
and updated over time, the mechanism by which 
meanings are updated is controversial. Psychologists 
have generally assumed that meanings are updated 
via a process of cross-situational learning in which 
learners store information about how a word is used 
in multiple situations and compute a meaning that is 
consistent with all of those uses of the word. Recent 
research by Lila Gleitman and colleagues challenges 
this assumption and presents evidence that suggests 
that learners store only their best guess concerning 
the meaning of a word and replace that meaning if 
they encounter a use of the word that disconfirms it.

General	Course	of	Semantic	Development
Children tend to begin to produce their first words 
between 10 and 14 months, and parents typically 
report that their children understand a number of 
words before they start speaking. Recent research with 
infants has confirmed that parental reports of ear-
lier comprehension are justified. Infants as young as 
6 months of age seem to understand common nouns 
that name food-related items (e.g., bottle and apple) 
and body parts (e.g., mouth and nose). By 10 to 13 
months of age, infants are beginning to understand 
more abstract words, such as all gone and uh-oh.

Though children begin to learn words relatively 
early, the earliest stages of word learning proceed 
at slow rates that slowly accelerate through the pre-
school years. This slowly accelerating rate of acquisi-
tion is thought to reflect increasing access to different 
sources of information concerning the meanings of 
words. Children’s earliest words must be learned on 
the basis of only nonlinguistic cues to word meaning. 
Once they have learned some words and have begun 
to figure out the syntactic properties of the language, 
they can begin to use universal correspondences 
between form and meaning in addition to nonlinguis-
tic cues to learn the meanings of new words. Further-
more, as children are learning language, they are also 
acquiring increasing statistical knowledge about pat-
terns of correspondences between form and meaning 
in the language they are learning. This allows children 
to exploit statistical information in addition to the 
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other sources of information to acquire the meanings 
of words. As children learn more words, they can also 
increasingly use the meanings of the words they have 
already learned to help them figure out the mean-
ings of words they do not know. Children’s increasing 
pragmatic sophistication and knowledge of the world 
also help accelerate the rate of word learning over the 
course of the preschool years. Finally, when children 
begin to read, they are exposed to a great many words 
that tend not to be used in everyday circumstances; 
hence, the rate of word learning increases as a conse-
quence of reading. 

Composition	of	Children’s	Very	Early	Vocabularies
Children’s earliest words consist of a large percentage 
of nouns that name categories of things (e.g., bottle, 
ball, and nose), stuff (e.g., juice and milk), and names 
for individuals (e.g., Mommy and Fido). Children’s 
early vocabularies also include some social words like 
hi, bye, peekaboo, yes, and no; action words such as up 
and eat; words for locations such as in and on; and 
modifiers such as hot and all gone. The qualitative 
character of children’s earliest vocabularies appears to 
be similar in spoken and signed languages and across 
spoken languages. Children differ, however, both in 
the specific words they acquire as well as the relative 
proportions of each type of word. This variation is 
found both within and across languages. For example, 
in English, some children display a referential style 
such that up to 80 percent of their earliest words are 
nouns that name categories or individuals, whereas 
others display an expressive style in which 50 percent 
of their words are nouns that name categories and 
individuals with the remaining words spread across 
the different categories. Despite this variability, names 
for categories of objects, substances, and individuals 
are easily learned and constitute a large proportion of 
children’s earliest words.

Development	in	Mapping	the	Meanings	of	Words
Names for kinds of objects and substances: The ease with 
which children learn names for categories of objects 
(e.g., dog and ball) and substances (e.g., milk and juice) 
is due in large part to the fact that our perceptual and 
conceptual systems provide uniform ways of identify-
ing and conceiving of objects and substances. Instances 
of object kinds are conceived of as having nonarbitrary 
structure; thus, both children and adults are biased to 
conceive of things that are cohesive, with regular and 
repeatable shapes, and shape-dependent functions 

as objects, and we interpret names for such things 
as names for that kind of object. On the other hand, 
instances of substance kinds are conceived of as hav-
ing arbitrary structure; thus, both children and adults 
are biased to conceive of things that are noncohesive, 
with irregular and nonrepeatable shapes and lacking 
shape-dependent functions as bits of substance, and 
we interpret names for such things as names for that 
kind of substance. These uniformities in our ways of 
identifying and conceiving of objects and substances 
guide children’s earliest word learning by allowing 
children to learn names for categories of objects and 
substances in the absence of any linguistic knowledge.

The conception of objects and substances and the 
perceptual characteristics that cue those conceptions 
described above have been found to guide children’s 
acquisition of names for objects and substances both 
in languages that grammatically distinguish the man-
ner in which they talk about objects and substances 
(e.g., English) and those that do not (e.g., Japanese 
and Mandarin). As children learn names for object 
and substance categories, they acquire statistical infor-
mation regarding the correlations that exist among 
perceptual, conceptual, and linguistic properties of 
the specific vocabulary items they are learning. This 
statistical information has been found to modulate 
the strength with which different perceptual and lin-
guistic properties are associated, with a word being an 
object or substance category name. As a consequence, 
small differences arise in the conditions under which 
children learning different languages interpret a word 
as a name for an object or substance category.

Key characteristics of the meanings of early nouns: A 
large percentage of children’s earliest nouns name 
categories of objects and substances. This means that 
children do not limit their use of the noun to the spe-
cific object or bit of substance to which they first hear 
the word applied but extend it to all other things that 
they think are instances of that category. Research 
with infants suggests that the assumption that nouns 
apply to categories of things is present as early as 14 
months of age.

Children’s earliest nouns tend to refer to categories 
of objects and substances at an intermediate level of 
categorization. For example, children tend to initially 
learn nouns like dog and juice rather than nouns that 
are mapped onto more specific levels of categoriza-
tion such as dachshund and orange juice or more gen-
eral levels of categorization such as animal and drink. 
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This characteristic appears to be due to the generally 
privileged role that this intermediate or basic level of 
categorization has in human cognition. Though the 
extensions of children’s basic-level categories can dif-
fer from those of adults, children’s earliest nouns tend 
to be mapped onto concepts that represent categories 
at this intermediate level of categorization.

Children’s first nouns also generally have situation-
independent interpretations that provide a way of talk-
ing about what things are throughout their existence 
rather than what things are during some restricted 
phase or restricted set of situations, as do words like 
puppy, passenger, or lawyer. Experiments with unfa-
miliar nouns and unfamiliar kinds of objects suggest 
that the phenomenon of acquiring basic-level nouns 
with situation-independent meanings before acquir-
ing nouns with situation- or time-restricted meanings 
is a general phenomenon in lexical development that 
is not limited to children’s earliest vocabularies. This 
order of acquisition is likely due to situation- and 
time-restricted nouns presupposing the meanings of 
the unrestricted nouns that they modify (e.g., a puppy 
is a dog when it is young and a passenger is a person 
who is in a vehicle as a nondriver).

Children’s earliest interpretations of names for nat-
ural kinds and social categories differ from their inter-
pretations of names for artifact kinds. They under-
stand names for natural kinds as implicating shared 
internal and nonobvious features to a greater extent 
than names for artifact categories. This difference is 
thought to reflect distinct category structures in the 
two domains, with children assuming that natural 
kind categories possess an underlying essence that 
causes the superficial, observable features of members 
of natural and social categories. 

Names for individuals: Children’s earliest nouns also 
include a number of proper nouns that refer to indi-
viduals rather than categories. By 18 months of age, 
children know that members of certain categories 
(people, dolls, and pets) can receive proper names, 
while members of other categories (blocks) do not 
generally receive proper names. Children learning 
English are also able to exploit the syntactic distinction 
between proper and common nouns to identify con-
texts in which an individual rather than a category is 
being named. Experiments with infants hearing Eng-
lish suggest that knowledge of this mapping between 
syntactic category and meaning develops between 16 
and 20 months. By 18 months of age, children can 

combine the conceptual and syntactic information to 
guide their interpretations of novel common nouns 
and proper names. In languages such as Japanese, in 
which there are no grammatical markers of whether a 
noun is a common or proper noun, children’s inter-
pretations are guided by conceptual knowledge and 
pragmatic cues. 

Whether children learn a name for an individual 
or a name for a category first is guided by biases to 
conceive of the members of some categories as indi-
viduals in their own right in the first instance and to 
conceive of members of other categories as instances 
of a kind in the first instance. We conceive of people 
as individuals in their own right rather than as mere 
instances of the category person, and thus children 
readily learn proper names for individual people long 
before we learn category labels such as person, man, 
woman, boy, or girl. In contrast, animals and dolls are 
typically initially conceived of as instances of a given 
kind, and children typically learn the category names 
such as dog or doll before they learn proper names for 
specific instances of these categories.

Talking about categories: Children’s earliest uses of 
proper and common nouns are to talk about individu-
als or category members, but by 2 years of age, children 
are also using common nouns to talk about catego-
ries of things themselves, producing and understand-
ing generics such as Dogs bark, which is a statement 
about the category of dogs rather than a statement 
about one or another or even most dogs. Children’s 
use of common nouns to talk about categories reveals 
several important characteristics of early semantic 
development. First, children are not limited to learn-
ing names for concrete perceptible things. Categories 
are neither concrete nor perceptible, yet children are 
perfectly happy to talk about them. Other evidence 
that children’s early vocabulary is not limited to the 
concrete and perceptible is their early acquisition of 
words like mine, nap, pretend, and uh-oh. Second, chil-
dren’s use of common nouns to talk about categories 
reveals their early appreciation of the systematic poly-
semy of common nouns, whereby they can be used 
to refer to concrete instances of categories as well as 
the abstract categories to which the instances belong. 
Recent research suggests that, by 4 years of age, chil-
dren also appreciate the systematic polysemy of words 
like book and movie, which have both an abstract and 
concrete sense and, when taught novel words of this 
sort, are able to extend use of the novel word from the 
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concrete to the abstract sense and vice versa, though it 
appears that children may initially be more liberal in 
making such extensions than are adults. The impor-
tant point for current purposes is that, from an early 
age, children can map words onto meanings with 
complex systematically related senses.

Noun	Advantage	in	Early	Semantic	Development
Though there is variability in children’s vocabu-
laries both within and across languages, there is a 
clear advantage that nouns enjoy over verbs and 
words from other syntactic categories in children’s 
early vocabularies. Languages such as English show 
a clear numerical advantage for nouns over verbs. 
In languages in which verb arguments are routinely 
dropped, children hear many fewer nouns; neverthe-
less, they show a proportional advantage for learning 
nouns over verbs. In all languages, children initially 
learn a higher proportion of the nouns they hear than 
the verbs they hear.

One important factor contributing to this early 
noun advantage appears to be the fact that our per-
ceptual and conceptual systems provide uniform 
ways of identifying and conceiving of the objects 
and substances that are referred to by children’s ear-
liest nouns. Verbs and relational terms more gener-
ally do not show this same uniformity in how they 
are mapped onto our perceptions and conceptions of 
the world. Different verbs within a language and verbs 
across languages express different perspectives from 
which we think about the activities, events, and states 
of affairs onto which they are mapped.

Consistent with this state of affairs, it appears that 
the early advantage for learning the meanings of nouns 
is due to the fact that the meanings of many nouns may 
be acquired on the basis of nonlinguistic observational 
information alone; however, learning the meanings of 
most verbs depends on children having access to the 
syntactic contexts in which the verb occurs.

As such, learning the meanings of most verbs must 
await the acquisition of at least rudimentary aspects 
of sentence structure, such as how many arguments 
the verb takes. The meanings of many nouns, how-
ever, can be acquired in the absence of any knowledge 
of sentence structure, and the acquisition of these 
nouns can help children construct the rudimentary 
aspects of sentence structure needed for learning verb 
meanings. As such, the acquisition of verb meanings 
is generally contingent on the acquisition of some 
noun meanings and rudimentary syntax. This is why 

the noun advantage is also found in internationally 
adopted children who begin learning English as pre-
schoolers rather than as infants.

As different languages and different verbs and 
relational terms within a language package meaning 
components into lexical items in different ways, expo-
sure to multiple linguistic contexts in which a term is 
used is likely necessary for learning which meaning 
components are part of the term’s meaning. Recent 
research suggests that 10- and 12-month-old infants 
can form categories for components of verb meaning, 
such as path and manner. Furthermore, it appears 
that the formation of such categories is aided by the 
presence of verbal labels. 

Learning adjective meanings: Children also tend to 
learn the meanings of adjectives later than those of 
nouns. Several factors account for this relative slowness 
in acquiring the meanings of adjectives. As with verbs, 
adjectives lack the strong perceptual and conceptual 
correlates that many of children’s earliest nouns ben-
efit from. This is reflected in the fact that languages 
differ a great deal in the number and types of adjec-
tives they contain. A related factor is that adjectives 
are used to talk about qualities of things; every object 
has many qualities, and there is no one quality that 
appears to be privileged in the manner that the basic 
level of categorization is privileged in the conception 
of objects and the learning of noun meanings. Finally, 
the acquisition of meanings of adjectives lags behind 
those of nouns because the interpretation of adjectives 
is usually dependent on the nouns they modify. 

What counts as big for a mouse is not big for a cow; 
the color of the red sky is very different than the color 
of a red rose. Furthermore, relative adjectives such as 
big are always interpreted with respect to a standard, 
which is usually provided by the noun. Determining 
the standard that a noun category provides requires 
some knowledge of the range and variation of the 
qualities of the members of the noun category. As 
such, the relative delay in acquiring the meanings of 
adjectives is largely due to adjective meanings tend-
ing to rely on prior knowledge of nouns and the dis-
tribution of properties in the categories named by 
the nouns. 

Conceptual	Developments	Underlying		
Semantic	Development
Though psycholinguists and linguists generally agree 
that the meanings of words are represented by the 
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concepts onto which the words are mapped, there is 
no consensus regarding the manner in which concepts 
are represented. Concepts have been proposed to rep-
resent categories via definitions, prototypes, theory-
like explanatory structures, exemplars of the catego-
ries, and atomic representations. These differences in 
the manner in which concepts and, thus, the mean-
ings of words are represented could potentially have 
important implications for semantic development. 
Despite the large amount of research devoted to the 
nature of conceptual representations, there have been 
few attempts to translate the representational charac-
teristics of a given theory of concepts into a theory of 
the development of concepts that would also serve as 
a theory of semantic development.

A prominent exception is Eve Clark’s proposal 
in the early 1970s that draws upon the definitional 
theory of concepts. According to the proposal, word 
meanings are represented as definitions, and word 
meanings are acquired component by component. 
This account predicts that words with less complex 
definitions (fewer features) would be acquired before 
words with more complex definitions (more fea-
tures). The theory also predicted that some of chil-
dren’s incomplete definitions of one word would be 
identical to the full definition of another word, mak-
ing the two words synonymous for the child at such 
a stage of development. Though some early research 
appeared to support the theory, further research and 
reconsiderations of the early research failed to sup-
port the theory. Furthermore, the definitional theory 
of concepts has fallen out of favor as a plausible the-
ory of concepts and thus word meanings.

Conceptual	Representations	and	Word	Meanings
The definitional theory of concepts makes a clear and 
principled distinction between knowledge that is part 
of the definition of a category and other conceptual 
knowledge we may have concerning the category. Any 
changes to the definition of a category are understood 
to underlie changes in the meaning of the word that 
names the category. Other changes to our conceptual 
knowledge of the category are not understood to affect 
the meaning of the word that names the category. Such 
a clear and principled distinction between changes in 
conceptual knowledge that involve changes in word 
meaning and those that do not are lacking for the pro-
totype, exemplar, and ‘theory’ theories of concepts.

Despite the lack of theories of conceptual develop-
ment, which would serve to predict and explain the 

manner in which word meanings are acquired and 
change over development, there are a number of phe-
nomena that appear to involve changes in the mean-
ings of words that are best understood as being the 
result of changes in the conceptual representations 
underlying word meanings. These include shifts in 
which features are understood to be characteristic or 
defining of a category, changes in the nature of the 
theory that organizes a concept, and changes in the 
nature of the conceptual resources onto which words 
are mapped.

The	Characteristic	to	Defining	Shift	in		
Children’s	Word	Meanings
Shifts in children’s understanding of the properties 
that are critical for category membership may ground 
some changes in word meaning during the course of 
development. Young children often make category 
judgments on the basis of what are, for adults, merely 
characteristic properties of a category, while ignoring 
what are, for adults, the defining characteristics of the 
category. For example, children often judge a man to 
be an uncle if the man has properties that are char-
acteristic of uncles (e.g., someone who is the child’s 
father’s age, loves the child and his or her parents, 
visits the child’s home often, and brings presents for 
the child) even if the man is not a brother of either 
of the child’s parents. Older children, on the other 
hand, will judge a man who is the brother of a parent 
to be an uncle even if he does not display the proper-
ties characteristic of uncles. Such shifts in children’s 
understanding of the properties that are critical for 
category membership occur for words from a variety 
of domains, including kinship terms (uncle), meal 
terms (breakfast), tool terms (screwdriver), and cook-
ing terms (boil). The age at which the shift occurs and 
the extent to which characteristic properties are ini-
tially preferred vary from domain to domain. As such, 
the shift is not a general shift in the meanings of all 
the words children know or learn. The sources and the 
significance of the shift for the conceptual representa-
tions underlying the words remain controversial and 
are not fully understood.

Theory	Changes	Underlying	Semantic	Development
Young children and older children and adults some-
times seem to understand the same phenomena in 
fundamentally different ways. In such cases, even 
though younger children will use the same words 
in similar ways as older children or adults in some 



 Semantic Development 533

situations, they may have very different understand-
ings of what the words mean and thus will use the 
words in systematically different ways in other situa-
tions. One example of such a case concerns the man-
ner in which young children understand words like 
alive, baby, and grow, all of which are at least partially 
understood in biological terms by older children and 
adults but which are understood in only nonbiologi-
cal terms by young children. One consequence of chil-
dren lacking a biological framework for understand-
ing things is that they do not understand babies as 
reproductive offspring, and instead think of babies as 
being essentially small, and thus deny that baby ele-
phants are babies. Another consequence is that young 
children deny that plants are alive as they lack a way of 
thinking of plants and animals as similar and instead 
understand animals and the term alive in behavioral 
rather than biological terms. Once children con-
struct an intuitive biology, they begin to use these and 
other words that implicate a biological understand-
ing in ways that are more in line with adult use of 
such words. As such, one potential source of semantic 
development is the development of new conceptual 
frameworks of understanding associated with a word 
or set of words.

Changes	in	the	Representational	Resources		
That	Underlie	Word	Meanings
In some cases, the meaning of a word can change due 
to changes in the type of nonlinguistic representa-
tion it is mapped onto. Susan Carey has argued that 
the development of the meanings of number words 
(one, two, three, and so on) is one such case. Number 
words are typically initially learned around the age of 
2 years. If asked how many items there are in a set, 
children can produce one number word while point-
ing to each item in the set. Nevertheless, they can-
not correctly give one, two, or any number of items 
but instead grab a handful of items in each case. A 
few months later, children work out the meaning of 
one and correctly give one item if asked for one but 
respond randomly when asked for any other number 
of items. Six to eight months later, children correctly 
give two items when asked for two and then, a few 
months later, figure out the meaning of three. By 3½ 
years of age, children have figured out the meanings 
of one through four. It is at this point that they figure 
out that the principle of cardinality governs the count 
list such that the last number in the count list gives the 
numerosity of the set and that each number in the list 

is succeeded by a number whose numerosity is exactly 
one more than the previous number’s. 

This discovery allows children to correctly give 
any number they can count to. Carey argues that this 
sequence of learning is due to children initially map-
ping the words one, two, three, and four slowly and 
laboriously onto nonlinguistic representations that 
have number-relevant properties but which are not 
actually representations of numerosity. This initial way 
of representing the meanings of one through four pro-
vides the basis for children’s induction of the principles 
that govern the count list and allows them to create 
true representations of exact numerosities, which rep-
resent the meanings of the number words. Though this 
account remains controversial, it provides an example 
of how prelinguistic representations may, in some 
cases, support the acquisition of the meanings of words 
without being representations of the meanings of the 
words that are acquired later in development.

Development	of	Relations	Between	the		
Meanings	of	Words
Adults not only know the meanings of individual 
words but how they are related to one another. Analy-
sis of speech errors of children as young as 2 to 4 year 
old show many errors that involve the substitution 
of semantically related words, suggesting semantic 
organization in their lexicons. A similar conclusion 
is suggested by errors that 3- and 4-year-olds make in 
cued and free-recall memory tasks. Recent research 
using event-related potentials (ERPs) and intermo-
dal preferential-looking time tasks has found prim-
ing effects whereby the processing of a word (e.g., 
dog) is facilitated by having just processed a related 
word (e.g., cat) as compared to having just processed 
an unrelated word (e.g., hat) in infants as young as 
24 months of age. In fact, priming has been found 
for words that are associated with one another but 
are not taxonomically related (e.g., dog and bone) as 
well as for words that are taxonomically related but 
not generally associated with one another (e.g., dog 
and bear). This suggests early emerging associative 
and semantic structure in children’s lexicons. Other 
forms of lexical structure, such as the organization of 
quantificational words including some, most, and all, 
in terms of a scale do not seem to emerge until 6 or 
7 years of age.
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Semantic	Development		
in	Children	With	Language	
Impairments
Semantics refers to the study of meaning. Children 
with language impairment have deficits mapping 
linguistic forms to their meanings and organizing 
these mappings into interconnected networks. This 
entry presents theories and methods for studying 
semantic development and describes the nature and 
extent of semantic deficits in selected populations of 
children with language impairment. Assessment and 
intervention options for addressing these deficits are 
also presented. 

The	Semantic	Network	Model
In the semantic network model, Allan Collins posits 
that long-term semantic knowledge is organized into 

networks of interconnected conceptual nodes. For 
instance, the concept of school bus is linked to related 
concepts such as fire truck and yellow, which are 
linked to associated concepts such as hose and banana. 
A key processing property of semantic networks is 
spreading activation, which describes how semantic 
information is retrieved during online processing. 
The retrieval process is initiated by thinking about a 
concept, which sends spreading activation to related 
concepts. The activation starts off strong but abates 
in strength as it travels away from the core of the net-
work. This change in activation strength is referred to 
as the rippling effect. 

Semantic neighborhood: Theories diverge on how they 
define semantic relatedness. Lori Buchanan divided 
semantic models into two broad classes: feature-based 
models and association- or co-occurrence-based 
models. Feature-based models suggest that concepts 
that share many features are semantic neighbors (dog 
and cat are both furry pets) and that spreading acti-
vation between neighbors is a function of the num-
ber of shared features. The second type of models 
defines semantic neighbors based on human associa-
tion responses or through calculations of global co-
occurrence using a large corpus of natural language. 
Semantic neighborhood can be measured through the 
number of semantic associates to a target word (i.e., 
semantic size) and the mean distance from the target 
word to its 10 nearest neighbors (i.e., semantic dis-
tance). A large neighborhood is associated with a high 
semantic size value and a low semantic distance value. 
Both types of models depict important semantic rela-
tionships, but the latter models are more amenable to 
precise definition. 

Experimental methods: To directly and explicitly eval-
uate children’s semantic representations, researchers 
have used drawing (e.g., Draw a picture of a straw-
berry), definition (e.g., What is a strawberry? Tell me 
all you know about it.), picture naming, and repeated 
word–association tasks (e.g., Tell me three words that 
go with the word strawberry). To assess semantic cate-
gory knowledge, researchers have used category inclu-
sion (e.g., Are fish animals?), semantic fluency (e.g., 
Tell me all the animals you can think of), and contrast 
question tasks (e.g., While pointing to the picture of 
a rose, ask, Is this a dandelion? A tree? An animal?). 
To measure the more automatic and implicit aspects 
of semantic processing, studies have employed the 
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priming technique and false memory paradigms. 
Semantic priming utilizes prime-target pairs (e.g., 
carrot–rabbit) to examine if and how the presenta-
tion of the prime influences the accuracy and speed 
of recognizing or producing the target. False mem-
ory paradigms typically take the form of a list recall 
task and investigate the incidences of false recall of 
a nonpresented critical word (e.g., sleep) that relates 
semantically to the presented words (e.g., bed, doze, 
pillow, and dream). Finally, in word learning studies, 
researchers have manipulated the number and type 
of semantic cues and semantic-neighborhood prop-
erties of the targets to study how these factors affect 
word learning.

Semantic	Deficits	Across	Populations
Specific language impairment: Delayed onset of first 
words is often the first sign of specific language impair-
ment (SLI). On average, these children produce their 
first words at 23 months, whereas their typical peers 
do so at 12 months. The 50-word milestone may be 
delayed until as late as 3 years of age, compared with 
an average age of 18 months by typical children. Tod-
dlers who show significant language delays are called 
late talkers, and those who have difficulties in both 
receptive and expressive vocabulary are more likely to 
be diagnosed as SLI during the preschool period than 
those who have relatively intact receptive vocabulary. 
Preschoolers with SLI tend to score significantly lower 
than age peers on standardized receptive and expres-
sive vocabulary measures. These children may use a 
more limited variety of verbs in their spontaneous 
speech than both age-matched and younger peers 
matched on mean length of utterance (MLU), which 
implies that verb learning is a particularly problem-
atic aspect of lexical development for these children. 
Through experimental studies of word learning, 
Mary Alt, Shelley Gray, and Mabel Rice revealed that 
preschoolers with SLI demonstrated impaired word 
comprehension and production as well as inadequate 
encoding of semantic information. They also needed 
significantly more exposures to reach a criterion level 
of word learning performance.

In school-age children with SLI, semantic defi-
cits are often manifested as word-finding difficul-
ties. Symptoms include frequent circumlocutions 
and reformulations, use of nonspecific words, and 
long pauses in speech. Using different variants 
of the priming paradigm, Melinda Velez, Patricia 
Brooks, and their colleagues found that the semantic 

priming effect was either absent or reduced in chil-
dren with SLI and that the size of the priming effect 
correlated significantly with children’s vocabulary 
size. These word-retrieval and semantic-processing 
deficits are associated with impoverished semantic 
representations, sparsely connected semantic net-
works, inadequate semantic category knowledge, 
and fuzzy boundaries between words with simi-
lar meanings. Deficits in the breadth and depth of 
vocabulary persist into adolescence, and the extent 
of the deficits relative to age-matched peers appears 
stable throughout school years. Semantic weaknesses 
in adolescents with SLI are more marked at the dis-
course level. These present as difficulties processing 
implicit, abstract, and nonliteral meanings and dif-
ficulties comprehending and producing extended 
discourse.

One likely cause of the semantic deficits in SLI 
is reduced verbal working memory. Robust verbal 
working memory allows the child to retain suffi-
cient details of novel word forms, allocates cogni-
tive resources for the child to infer word meaning, 
and facilitates transfer of information into long-term 
memory. Verbal working memory can be measured 
through nonword repetition, digit span, and complex 
span tasks that require simultaneous manipulation 
and storage of information. Using a nonword repeti-
tion task, Susan Gathercole and Alan Baddeley found 
evidence of a causal role of verbal working memory 
in preschoolers’ receptive vocabulary growth over 
a two-year period. Another likely cause of semantic 
deficits in SLI is rooted in these children’s extraor-
dinary difficulties with grammatical learning. These 
difficulties may hamper the use of syntactic cues such 
as word order, inflections, and function words to infer 
word meaning—an inferential process referred to as 
syntactic bootstrapping. Deficiencies with syntactic 
bootstrapping might also explain the limited diversity 
of verbs in these children’s vocabularies.

Autism spectrum disorder: Children with autism spec-
trum disorder (ASD) show a range of verbal abilities 
varying from nonverbal to age-appropriate language 
skills. Deficits with word meanings are a common 
symptom among those who are verbal. Kristelle 
Hundry observed, in a large sample of preschoolers 
with ASD, that around 30 percent of the children 
displayed a markedly atypical profile of expressive 
vocabulary size approaching receptive vocabulary 
size, which differs from the typical profile of receptive 



536 Semantic Development in Children With Language Impairments

vocabulary well in advance of expressive vocabulary. 
Also unique among this population is the regres-
sion of verbal abilities, including loss of expressive 
vocabulary during the second year of life, although 
this does not occur for all children with ASD. Studies 
of school-age children with high-functioning ASD 
have shown production of less prototypic exemplars 
in semantic fluency tasks, absence of semantic prim-
ing effect, and difficulties using sentence context to 
disambiguate homographs.

Impaired social cognition is believed to account 
for word learning problems in children with ASD. 
These children have difficulties utilizing social cues 
such as eye gaze to establish the link between a word 
and its referent. Such linking errors may explain 
idiosyncratic word use in individuals with ASD. Even 
among high-functioning school-age children with 
ASD, those who have weaker language skills fail to 
read the social communicative context and make 
incorrect inferences about word meanings, according 
to recent work by Karla McGregor and Allison Bean. 
Words that express mental and emotional states are 
also problematic for children with ASD because 
learning these words requires development of the-
ory of mind. Theory of mind refers to the awareness 
that others may have beliefs, desires, and emotions 
that differ from one’s own or from reality. Theory of 
mind deficits are related to poor comprehension and 
use of mental state terms such as believe and imag-
ine. Theory of mind deficits also lead to difficulties 
in tasks that require perspective taking and presup-
position such as narrative discourse and sustained 
conversation. Note that children with SLI may show 
similar difficulties in tasks requiring theory of mind 
and perspective-taking skills, according to the work 
of Brad Farrant.

Down syndrome: Children with Down syndrome 
(DS) demonstrate language deficits due to their intel-
lectual disability. Language abilities are more affected 
than the nonverbal aspects of cognition in individu-
als with DS. The degree of language deficits varies by 
domain. Compared to syntactic abilities, vocabulary 
is a relative strength in children with DS, although 
growth in both domains plateaus during adolescence. 
Like children with SLI, children with DS may present 
with semantic difficulties due to reduced verbal work-
ing memory. Motor deficits associated with DS may 
impede the rehearsal of novel word forms, whereas 
fluctuating hearing loss degrades the auditory signal. 

In experimental word-learning studies, children with 
DS tend to show deficits in novel word comprehen-
sion and production. But, the degree of their word 
learning deficits is not always commensurate with 
their deficits in verbal working memory. In fact, when 
compared to mental-age peers who are matched on 
receptive vocabulary and nonverbal IQ, children with 
DS show significantly lower verbal working memory 
but equal or even superior word learning perfor-
mance, according to a recent investigation by Emma 
Mosse and Christopher Jarrold. Thus, it is possible 
that word learning in children with DS is not as heav-
ily dependent on memory due to compensation via 
alternative routes such as a domain-general process-
ing mechanism that supports learning from repeti-
tion and relatively preserved social skills.

Reading disorders: Reading disorders consist of several 
subtypes. Children who have dyslexia, by definition, 
do not have deficits in the semantic system. Children 
who have specific comprehension deficits (also called 
poor comprehenders), on the other hand, have dif-
ficulties processing the meaning of text due to poor 
oral language abilities. These children also fail to 
show false memory intrusions, suggesting an inabil-
ity to process the meaning of word lists. Decoding of 
irregular words (e.g., yacht), which relies more on the 
semantic context, is challenging for children with spe-
cific comprehension deficits. 

A considerable proportion of children with read-
ing disorders have mixed difficulties in both word 
decoding and comprehension. These children face 
dual challenges in attaching meaning to text. Yet 
another subgroup of reading disorder comprises 
children who have hyperlexia. These individuals 
demonstrate an unusual dissociation between form 
and meaning, with word-decoding ability far exceed-
ing the comprehension of textual meaning. Children 
with hyperlexia have extraordinary memory skills 
that support phonological decoding and sight-word 
reading. Their semantic and syntactic processing 
skills are much weaker, and they may learn to read 
words before they can use them in speech. Hyperlexia 
has been found to be associated with one or more 
developmental disabilities such as intellectual dis-
ability and autism.

The connection between reading disorders and 
semantic development is underscored by the well-
documented relationship between print exposure 
and vocabulary growth. Poor readers who have 
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difficulties decoding, comprehending, or both, do 
not read as much as good readers and, as a result, 
gain less language experience. These missed oppor-
tunities further impair the semantic system and lead 
to a downward spiral in relation to developmental 
expectation—a phenomenon dubbed the Matthew 
effect by Keith Stanovich. 

Bilingual children with language impairment: The lit-
erature on bilingual children with language impair-
ment is sparse but emerging. Compared to typical 
peers with similar amounts of bilingual experience, 
bilingual children with SLI score lower on standard-
ized vocabulary tests, use less diverse vocabulary in 
narrative discourse, provide poorer word definitions, 
are less able to explain polysemous or colloquial 
words, show less densely connected semantic net-
works, and struggle with novel-word learning. These 
symptoms overlap with those exhibited by mono-
lingual children with SLI. Despite these similarities, 
bilingual children differ from monolinguals in that 
their semantic knowledge is distributed across two 
languages. Conceptual measures that take into con-
sideration the combined semantic systems are more 
sensitive in capturing the semantic deficiencies in 
bilingual SLI.

Given the extent of semantic deficits in monolin-
gual children with language impairment, a logical 
question is whether being bilingual would exacer-
bate any existing deficits in the semantic systems of 
affected children. So far, the evidence suggests that the 
answer to this question is no. This seems to be true 
for both bilingual children with a language impair-
ment but not an intellectual disability and bilingual 
children with more severe impairments such as ASD 
or DS. Elizabeth Kay-Raining Bird finds that English-
dominant bilingual children with DS score compa-
rably on English expressive vocabulary measures as 
English monolingual children with DS. Similarly, 
Catherine Hambly and Eric Fombonne find no differ-
ence in age of first words, conceptual vocabulary, and 
dominant-language vocabulary between monolingual 
and bilingual children with ASD. 

Assessment	and	Intervention
Assessment: Assessing semantic development is chal-
lenging for several reasons. First, a child’s vocabulary 
expands quickly, making it intractable to assess the 
entire lexicon beyond the first years of life. Second, 
children grow up in different environments and come 

into contact with different vocabulary items. Hence, 
the composition of the lexicon varies from child to 
child. Third, word knowledge is multifaceted, and the 
focus of vocabulary measures may range from single-
word recognition to accurate word use in multiple 
contexts. Nevertheless, clinicians can carefully select 
measures that meet their needs.

For children who are very young or low function-
ing, parent report measures provide norm-referenced 
percentile and age-equivalence scores of receptive and 
expressive vocabulary. For the older and higher-func-
tioning child, numerous standardized tests are avail-
able to measure vocabulary breadth; speed and accu-
racy of word retrieval; relational word knowledge; and 
idiomatic and figurative word use. Karla McGregor 
and Rhea Paul provide listings of these measures 
respectively. Standardized vocabulary tests should be 
used with caution because they may be biased against 
children from nonmainstream backgrounds, and they 
often have poor sensitivity and specificity in screening 
and diagnosing SLI.

Language sampling is commonly used to supple-
ment standardized test scores. When tests are unavail-
able for a population, language samples may become 
the main means of assessment. Number of different 
words (NDW) in 50- to 100-utterance spontaneous 
language samples is a frequently used measure of 
lexical diversity. NDW is easily calculated and eco-
logically valid. It has been found to correlate with 
standardized vocabulary scores and to differentiate 
children with SLI from typical peers. The Systematic 
Analysis of Language Transcript, a computer program 
designed for child-language researchers and prac-
titioners, automatically calculates NDW and offers 
normative databases for different ages, discourse 
types, and speaker groups. Language samples can also 
be analyzed for maze behaviors (i.e., reformulations, 
hesitations, and circumlocutions) to identify word-
finding difficulties. Researchers can also tailor their 
analyses to yield measures of verb diversity or use of 
mental-state words.

Dynamic assessment of word learning is a prom-
ising method for identifying language impair-
ment in bilingual children, a population for whom 
standardized test results can be misleading. This 
approach follows a pretest–teaching–posttest design 
and evaluates the child’s learning potential during a 
brief intervention session. Among Spanish–English 
bilingual preschool and school-age children, stud-
ies utilizing dynamic assessment approaches have 
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shown good differentiation of children with SLI 
and their typical peers. Finally, clinicians can design 
probes to examine children’s knowledge of particu-
lar vocabulary items that frequently occurs in class-
room instruction or textbooks. To probe semantic 
depth, clinicians may turn to the research literature 
that supports the use of drawing, definition, and 
repeated word–association tasks. 

Intervention: The selection of semantic intervention 
targets is informed by several considerations. For the 
child to reap the most benefits from intervention, tar-
get words should have high functionality in the child’s 
daily use. For younger or low-functioning children, 
key targets include names of important people (Mama 
or Papa), favorite things (cheese or train), and words 
for expressing desires and needs (want and more). 
For school-age children, Isabel Beck recommends the 
teaching of tier-two vocabulary, that is, words that 
are widely used across different domains of literate 
language and that most students do not have in their 
spoken vocabulary (e.g., dismayed and paradoxical). 
Second, a growing body of literature shows that word 
characteristics such as frequency of occurrence and 
size of the phonological and semantic neighborhood 
affect the ease of word learning. 

Although clear guidelines are still lacking, clini-
cians should bear in mind the potential influence 
of word characteristics. Third, intervention should 
encompass the teaching of metalinguistic knowledge 
and cognitive strategies. Knowledge of derivational 
morphology enables school-age children to analyze 
complex words into parts and deduce word mean-
ing (in–comprehen–sible = not able to understand). 
Cognitive strategies include searching for definitions, 
synonyms, and antonyms of the novel words in the 
immediate context; inferring meaning using logical 
relationships and other clues in the general context; 
and looking up words in a dictionary.

Intervention studies support direct instruc-
tion of words in a didactic learning context. In this 
approach, teaching is carried out in a meaningful 
and motivating context. The teacher provides mul-
tiple exposures to the targets, invites imitations, elic-
its use of the targets in novel contexts, and engages 
the child in activities to solidify representations. To 
increase semantic depth, the teacher may employ 
graphic organizers such as word webs, semantic fea-
ture analysis, and Venn diagrams. Finally, to treat 
word-finding difficulties, Diane German suggests a 

two-pronged approach to strengthen both the pho-
nological and semantic representations of words. 
Additional examples of semantic intervention tech-
niques can be found, respectively, in Karla McGregor 
and Rhea Paul’s works.

Li Sheng
University of Texas–Austin

See	Also:	Assessment of Language Abilities; Autism 
and Language Development; Genetic Syndromes and 
Language Development; Intervention for Child Language 
Impairments; Lexical Development; Matthew Effects (Rich 
Get Richer); Semantic Development; Specific Language 
Impairment (Overview); Spoken Word Retrieval and 
Word-Finding Difficulties; Syntactic Bootstrapping; Theory 
of Mind and Language Development; Verbal Working 
Memory; Vocabulary Growth; Word Learning Strategies.

Further	Readings
Brooks, Patricia J., Liat Seiger-Gardner, and Kevin Sailor 

“Contrasting Effects of Associates and Coordinates in 
Children With and Without Language Impairment: 
A Picture–Word Interference Study.” Applied 
Psycholinguistics, (2012).

Buchanan, L., C. Westbury, and C. Burgess. 
“Characterizing Semantic Neighborhood Effects in 
Word Recognition.” Psychonomic Bulletin and Review, 
v.8 (2001).

Collins, A.M. and E. E. Loftus. “A Spreading Activation 
Theory of Semantic Processing.” Psychological Review, 
v.82 (1975).

McGregor, Karla. “Semantic Deficits Associated With 
Developmental Language Disorders.” In The Handbook 
of Child Language Disorders, Richard Schwartz, ed. 
New York: Psychology Press, 2008.

McGregor, Karla and Dawna Duff. “Promoting Diverse 
and Deep Vocabulary Development.” In School-Age 
Language Intervention: Principles and Procedures for 
Oral and Written Language Success, Teresa Ukrainetz, 
ed. Austin, TX: Pro-ed, 2013.

Paul, Rhea and Courtney Norbury. Language Disorders 
From Infancy Through Adolescence: Listening, Speaking, 
Reading, Writing and Communicating. 4th ed. St. Louis, 
MO: Mosby, 2011.

Velez, Melinda and Richard G. Schwartz. “Spoken Word 
Recognition in School-Age Children With SLI: 
Semantic, Phonological, and Repetition Priming.” 
Journal of Speech, Language and Hearing Research, 
v.53 (2010).



 Shape Bias in Word Learning 539

Shape	Bias	in	Word	
Learning
Young children are adept word learners, by some 
estimates, acquiring as many as nine new words a 
day. This amazing feat is made easier by certain con-
straints or biases that favor some assumptions about 
the meaning of words over others. For example, when 
learning a new object name, such as cup, children 
tend to link the meaning of the word to the physi-
cal shape of the cup rather than to other dimensions 
that match on size, color, or material. This phenom-
enon is known as the shape bias and is evident by  
2 years of age. Although the existence of the shape bias 
is undisputed among language researchers, the nature 
and origin of the bias remains highly debated. At stake 
is the intriguing question of whether the shape bias 
guides the word-acquisition process from the begin-
ning of language learning or whether it emerges over 
the course of development as children learn more and 
more object words.

The shape bias has been extensively studied under 
laboratory conditions using an artificial noun-learn-
ing task. In a typical experiment, children are shown 
an unfamiliar object and told its name (e.g., “This is 
a dax”). Children are next shown a set of test objects, 
each one matching the original object on the basis of a 
single perceptual feature, such as shape, color, or tex-
ture. The experimenter then asks what other things 
have the same name (e.g., “Show me another dax”). 
In this task, 2- and 3-year-olds typically generalize 
the novel word to refer to other novel objects of the 
same shape, but not to ones that have the same color 
or texture but different shape. This fact helps explain 
the impressive gains in children’s productive vocabu-
lary growth early in development; beyond learning a 
specific name for a specific object, children learn that 
a new object name refers to a category of similarly 
shaped things. Thus, hearing one object named (dax), 
the child learns the category of objects to which the 
name applies (other daxes).

A	Londitudinal	Study
Evidence for a link between early vocabulary and 
the shape bias is suggested by a longitudinal study of 
children’s acquisition of their first 100 nouns from 
15 to 20 months of age. Based on parent diaries of 
how many object words their toddler spoke at home, 
researchers found that the shape bias did not appear 

until children had between 50 to 150 words in their 
productive vocabularies and, further, that the onset of 
the bias coincided with a marked increase in children’s 
rate of acquiring nouns. Although the study was not 
able to establish a causal relationship between early 
vocabulary and the shape bias, other evidence, based 
on an experimental training study, provided a direct 
link between early attention to shape and the rapid 
learning of object words. In that study, 17-month-old 
children who did not yet demonstrate the shape bias 
came to the laboratory once a week for eight weeks. 
At each visit, children played with four pairs of novel 
objects belonging to four different categories; pairs 
differed by color and texture but shared a common 
shape. Throughout these play sessions, children were 
taught the names of each object pair (e.g., “This is a 
zup—here is another zup”). Another control group 
of children played with the same objects but were 
not taught their names. After eight weeks of training, 
children in the experimental group, but not the con-
trol group, demonstrated a robust shape bias that was 
associated with a faster rate of vocabulary acquisition 
outside of the laboratory.

The findings from this study are important for sev-
eral reasons. First, they show that concentrated expo-
sure to named object categories consistently orga-
nized by shape can induce the shape bias in children 
younger than 2 years of age. Second, learning about 
shape inside the laboratory transfers to real-world 
learning of object labels in everyday life and can result 
in a dramatic increase in children’s productive vocab-
ulary size. Third, and most important, the study dem-
onstrates that the shape bias is a learned constraint 
that emerges as a result of children’s early experiences 
with objects.

An	Attentional	Learning	Account
Linda Smith and her colleagues have proposed an 
attentional learning account (ALA) to explain the 
development of this learned shape bias. They note 
that the majority of the first words English-speaking 
children acquire are common nouns for solid, con-
crete objects, like cup, dog, and apple. Furthermore, 
the categories associated with these early nouns are 
typically well organized by shape. According to the 
ALA, children gradually learn that shape matters for 
concrete objects, first by observing that the label cup, 
for example, refers to objects that are cup-shaped, the 
label dog refers to objects that are dog-shaped (and so 
on), and then generalizing from these many instances 
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that object labels refer to things belonging to whole 
categories organized by similarity in shape. Although 
the importance of shape in the context of naming is 
imperfect and probabilistic (not all nouns belong to 
shape-based categories; consider for example, milk, 
cereal, dirt, and wood), children learn the relevance of 
shape through statistical regularities that reflect their 
early noun vocabularies. These regularities, in turn, 
enhance further attention to shape as a reliable cue to 
category membership. Thus, according to Smith, the 
shape bias is both a cause and a consequence of early 
word learning.

Alternative	Views
Not all researchers agree, however. An alternative view 
is that children are endowed from the very start of 
word learning with deep-rooted conceptual knowl-
edge that guides them to think about words in certain 
ways. In the particular case of objects, words are said 
to refer to kinds, that is, categories of things, such as 
animals or man-made objects whose members share 
essential properties beyond mere surface appearance. 
Although shape is generally a good indicator for iden-
tifying members belonging to different kinds, children 
can override shape in favor of important nonpercep-
tual properties, such as the internal composition or 
intended function of an object. For example, children 
as young as 18 months, with few words in their pro-
ductive vocabularies, were found to generalize novel 
nouns differently depending on whether the percep-
tually identical target object was described as having 
animate-like or inanimate-like properties (e.g., saying 
that the object was happy). Proponents of this view 
thus argue that children must have prior knowledge 
that constrains interpretations about the meaning of 
words and that such knowledge could not be acquired 
solely through experience.

In brief, although researchers widely agree that 
the shape bias serves as a powerful tool for learning 
the meaning of words, how children derive this par-
ticular word-learning strategy continues to be hotly 
contested.

Lisa Gershkoff-Stowe
Indiana University
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Sign	Language	Acquisition
Children of deaf parents make great strides in their 
acquisition of a signed language during infancy and 
early childhood. These children, by the middle of 
their first year, begin to babble manually. The onset 
of manual babbling is soon followed by the children’s 
production of their first recognizable signs; these ges-
tures resemble signs in their formational structure. 
Around their first birthday, sign-learning children 
typically begin using signs referentially; that is, they 
use signs to name or label new instances of things. 
In the ensuing months, the children establish a core 
sign vocabulary and begin to combine signs. Whereas 
speech-learning children gradually acquire mastery 
of the vocal apparatus, young sign-learning children 
need to acquire control of their hands and arms to 
form sign utterances that will be understandable by 
others. Overall, the course of sign language acquisi-
tion in children of deaf parents is quite similar to that 
of spoken language development in hearing children 
of speaking parents. The many parallels in develop-
ment across language modalities suggest that there is 
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a human capacity for language that is not dependent 
on the modality of expression.

In recent decades, the study of sign language acqui-
sition has emerged as one of the most exciting and 
vibrant areas of child language research. This emer-
gence contrasts sharply with centuries of neglect by 
scientific researchers. Why this sudden change? Prob-
ably the most important reason for this transforma-
tion was the recognition by linguists that the signed 
languages used by deaf persons were full and genuine 
languages. Prior to this acknowledgement, most schol-
ars assumed that the signing of deaf persons consisted 
primarily of a loose collection of pantomimic gestures 
with little evidence of grammatical structure.

The person most responsible for this dramatic 
change in perspective about signed languages was 
William Stokoe. In his pioneering research, Stokoe 
showed that signs in American Sign Language (ASL) 
had a distinct linguistic structure and that this for-
mational structure was quite different from that of 
English or other spoken languages. (ASL is the prin-
cipal language of members of the Deaf community in 
the United States.) Stokoe’s analyses showed that each 
sign in ASL was composed of a limited number of 
sign hand shapes (hand configurations), movements 
(the action or motion of the hands and arms), and 
locations (the place where the sign is made). Although 
Stokoe called these formational components of signs 
cheremes, most investigators today refer to them as 
sign phonemes. In the years following Stokoe’s dis-
coveries of the formational structure of individual 
signs, other scholars reported additional evidence of 
rule-governed phonological, morphological, and syn-
tactic processes in signed languages.

Most of the young children who have been observed 
in studies of sign language acquisition have been the 
sons and daughters of deaf parents. These children, 
deaf or hearing, grow up in homes where signing is 
the principal means of communication. The chil-
dren’s parents model correct sign formation and usage 
and often assist their infants in forming their initial 
signs. As the children get older, the parents engage 
them in developmentally appropriate conversational 
exchanges. In many respects, the pattern of language 
development observed in families with deaf parents 
resembles that of most hearing children learning to 
speak from their speech-using parents, except that the 
modality of the language is different.

The large majority of deaf children—about 95 per-
cent—do not have deaf parents. Historically, these 

children often did not begin to learn to sign until they 
started attending a school for deaf students. Deaf stu-
dents with hearing parents typically did not acquire 
proficiency in a signed language until later in child-
hood when they began attending a residential school 
for deaf students. The wide range in ages at which deaf 
children begin learning to sign, however, has permit-
ted investigators to examine the relationship between 
age at sign language acquisition and attainment of 
proficiency in signing. In general, the younger the 
age at which one starts learning to sign, the greater 
the likelihood that one will become a skilled signer. 
In recent years, as the attitudes of hearing members 
of society toward signing have grown more positive, 
some hearing parents have made an effort to acquire 
some proficiency in sign communication. These par-
ents then may successfully interact with their deaf 
children through signs.

Hearing mothers modify their spoken language 
from how they converse with other adults to when 
they interact with their young, speech-learning chil-
dren. Many of these modifications in speech input evi-
dently facilitate the children’s language growth. When 
investigators examined the signing of deaf mothers to 
their infants, they also observed many changes in com-
parison with the ways these mothers would typically 
converse with other adults. Among the characteristic 
changes observed in child-directed signing were that 
the signs tended to be produced more slowly and to 
be formationally larger than would be the case in adult 
sign conversation. Deaf mothers also often produced 
these signs in a location where their children could eas-
ily see them. In some instances, the mothers moved 
their hands and bodies to be within their infants’ visual 
fields. The sign utterances that the mothers made to 
their young children also were relatively short, typically 
consisting of only a few signs in a simplified manual 
syntax. Overall, child-directed signing appears to be 
geared to the children’s developing attentional and cog-
nitive abilities, thus providing a form of sign input that 
may facilitate the children’s sign-language learning.

Early	Language	Acquisition
Systematic comparisons of the results of longitudinal 
studies of sign-language development with those of 
spoken-language development have shown a num-
ber of parallels in the course of language acquisition. 
Most children midway through their first year begin 
to babble, either vocally or manually. In children of 
deaf parents, manual babbling is followed shortly by 
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the children’s production of a first recognizable sign 
(a gesture that formationally resembles a caregiver’s 
sign). Although many sign-learning children have 
been reported to have larger initial vocabularies than 
their speech-learning counterparts early in develop-
ment, comparisons of the content of these vocabular-
ies have revealed many more similarities than differ-
ences. Children, regardless of language modality, then 
typically show a rapid expansion in the size of their 
vocabularies, combine lexical items, and begin pro-
ducing short sentences.

Much like the vocal babbling of children learning 
to speak, babbling in the manual mode emerges in 
young children during the latter half of the first year. 
These manual babbles are not like the early gestures 
produced by infants not exposed to signs; rather, they 
formationally resemble aspects of the signs produced 
by the infants’ caregivers. The infants’ manual babbles 
have been reported to include many of the movements 
typically present in signed languages. These infants 
also incorporate various sign hand shapes into their 
babbles and make their manual babbles in a number of 
locations on or near the body where adults make their 
signs. As with vocal babbling, many of the sign-learn-
ing infants’ manual babbles are repeated frequently.

Children learning to sign often are reported as pro-
ducing their first recognizable signs between the ages 
of 8 and 9 months. In contrast, children learning to 
speak typically are credited with producing their first 
words when they are between 11 and 14 months of 
age. There are, however, real difficulties involved in 
determining the precise age at which words or signs 
are first used. One such difficulty is deciding whether 
initial productions are merely imitations of an adult’s 
prior utterance and thus should not be considered 
full lexical entries. Because of such difficulties, some 
investigators have preferred to use the age at which a 
child acquires a 10-item vocabulary as their index of 
initial vocabulary development. If one uses this cri-
terion, children learning ASL reach this milestone in 
sign at an earlier mean age (about 13 months) than do 
children learning to speak English (about 15 months).

The emergence of the ability to use language ref-
erentially also has been advanced as a critical early 
step in the young child’s developing mastery of lan-
guage. Referential language is said to occur when a 
child is able to use vocabulary items to name or to 
label new instances of objects or new occurrences of 
events. A child who is able to name new exemplars 
of concepts has acquired an important skill that will 

help in organizing or categorizing the environment. 
With this ability, a child will be able to recognize 
that language is not tied to a particular item or con-
cept. For children learning to sign, the mean age at 
which they produced their first referential sign was 
12.6 months. This age of onset is quite close to that 
of 13 months reported for young children acquiring 
spoken language. This similarity in the ages of onset 
of referential usage across language modalities may 
reflect its basis in the emerging cognitive develop-
ment of young children rather than its dependence 
on the modality of language production.

Although sign-learning children often are slightly 
accelerated in their early vocabulary acquisition in com-
parison with norms for spoken-language acquisition, 
they do not appear to differ in their early vocabulary 
content. Indeed, the contents of children’s 10-item lexi-
cons are virtually identical for both ASL-learning and 
English-learning children. The children frequently pro-
duce signs or words for their parents and other family 
members, pets, foods, favorite toys, and various activi-
ties. When the children are somewhat older, however, 
differences in vocabulary content by language modal-
ity emerge. For example, in their 50-item lexicons, 
children learning English are more likely to include 
function words (such as for) in their utterances than 
are children learning ASL, which mostly does not have 
equivalent function words. By and large, though, young 
children talk about many of the same things regardless 
of the modality of the language they are learning.

Because a number of signs in signed languages 
used by deaf persons resemble the concepts for which 
they stand, researchers have wondered whether this 
transparency of meaning might make the learning 
of signs by very young children an easier task than 
early word learning. Although the research on this 
topic is limited, the answer to this question is that 
sign transparency does not appear to have an appre-
ciable effect on young children’s early sign learning. 
Highly iconic signs—signs with transparent mean-
ings—are not overrepresented in the early lexicons of 
young sign-learning children. One reason for this is 
that infants probably do not recognize the relation-
ships between the iconic gestures they observe and 
the objects, actions, or properties they represent. For 
example, the sign for milk in ASL involves the open-
ing and closing of one’s hands as if one were milking 
a cow. For adults, the relationship between the sign 
and the milking of a cow would be quite apparent, but 
most children under the age of 2 years would not be 
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sufficiently sophisticated cognitively or experientially 
to discern the relationship.

Even though sign-learning infants often attained 
different expressive language milestones at earlier 
mean ages than speech-learning infants, it should be 
noted that there were wide individual differences in 
the ages and rates at which the children in the stud-
ies acquired signs. For instance, the ages at which 
individual infants were reported to have acquired a 
10-sign vocabulary in one study extended from a low 
of 11 months to a high of 17 months. This finding 
of a wide range in ages at which individual children 
attained early language milestones in sign is consis-
tent with findings of wide individual differences in 
rates of early spoken-language development. 

While young sign-learning children differed con-
siderably among themselves in the ages at which they 
attained different early expressive-language mile-
stones, there was also a pattern of substantial con-
sistency in rates of language learning. Those infants 
who were among the first to produce recognizable 
signs were typically among the first to attain a 10-sign 
lexicon and to combine signs. Correspondingly, those 
sign-learning infants who were among the last to pro-
duce a first recognizable sign were among the last to 
reach a 10-sign vocabulary and to begin combining 
signs. The overall pattern that emerged was that the 
age that individual children attained their initial lan-
guage milestones in sign predicted their age of attain-
ment of subsequent milestones.

Language development, of course, does not end 
with the attainment of a core vocabulary. Children, 
shortly after attaining a core lexicon, typically begin 
combining signs or words. Children learning to sign 
have been reported to combine signs at slightly ear-
lier ages than children learning to speak combine 
words. The mean age at which children have been 
reported as making their first combinations of signs 
is 16.7 months. In contrast, speech-learning children 
typically combine words for the first time between the 
ages of 18 and 22 months. Again, it may be the case 
that the production of early lexical combinations may 
be easier in the manual mode than orally.

The ability to combine words and signs enables 
children to express different semantic relations and 
grammatical aspects. Comparisons of the results of 
studies of spoken-language acquisition and sign-lan-
guage acquisition have shown many parallels in the 
course of development in these domains. In particu-
lar, this resemblance across modalities can be seen in 

studies of the emergence of semantic relations and 
the acquisition of verb agreement. Young signing deaf 
children typically produce the full range of semantic 
relations (e.g., possessive and locative) in their two-
sign combinations. In addition, the order of emer-
gence of different semantic relations within individ-
ual children was highly similar for both young signing 
and speaking children. Finally, both sign-learning and 
speech-learning children often start modifying their 
verbs or action words with increasing age. For sign-
learning children, this may be seen in how they mod-
ify a verb stem so that its orientation and direction are 
in accord with its associated noun.

Sign	Phonological	Acquisition
Most of the studies of young sign-learning children’s 
acquisition of sign-language phonology have relied 
on Stokoe’s description of the formational parame-
ters of signs. In this approach, each sign is composed 
of a particular hand shape (hand configuration), 
location where the sign is made, and movements of 
the hands and arms. (In the years following Stokoe’s 
groundbreaking research, two more parameters, ori-
entation and nonmanual or facial expression, were 
recognized as important in sign formation; their 
acquisition, however, has not yet been thoroughly 
studied in young children.) Of Stokoe’s three sign 
formational parameters, it is location that initially 
is produced correctly by most sign-learning infants. 
One reason for the high production accuracy of the 
location aspect in infants’ early signs probably is that 
locations typically do not require much precision in 
motor action. Making a gesture in the general area 
of where it should be made may well be sufficient 
for a child’s caregiver to recognize that gesture as a 
particular sign.

In contrast to the relative ease of the location 
parameter, the hand-shape parameter of signs often is 
a source of difficulty for young sign-learning children. 
Of the three formational parameters, hand shapes are 
made with the lowest mean accuracy in young chil-
dren’s initial sign productions. Unlike sign locations, 
arranging one’s fingers into certain hand shapes prob-
ably requires considerable fine-motor skill as well 
as the ability to accurately perceive one’s caregiver’s 
hand configurations. As young children’s control of 
their fingers improves with increasing age, the accu-
racy of their hand shape production shows steady 
improvement. Learning how to accurately form all 
the different hand shapes in a signed language such as 
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ASL, however, likely takes a young child at least several 
years to master.

Finally, the movement parameter of signs typically 
is initially produced by young children with interme-
diate accuracy. Some sign movements, such as making 
contact with one’s body or moving one’s hand back 
and forth, are produced accurately by very young 
signers. Other movements, or combinations of move-
ments, may require many months or several years to 
master. In general, the number and complexity of 
sign movements increase considerably with age and 
growth in vocabulary size.

Because young children often require many 
months or years before they learn to form various 
words or signs accurately, their caregivers early on will 
often accept incorrect pronunciations and respond to 
them fully. In some instances, the children’s sign or 
word productions will be identical formationally for 
concepts that would clearly be expressed differently in 
adult utterances. This is known as child homonymy. 
The phenomenon of child homonymy occurs when 
a young child uses a single phonetic form for two (or 
more) linguistic targets for which adults would use 
phonetically distinct forms. This phenomenon has 
long been recognized as being present in children 
learning to speak, although it is not clear whether it 
occurs because the child is not yet able to produce 
certain adult sounds or does not yet perceive them. 
More recently, child homonymy has been shown to 
occur in sign-learning children as well. That is, young 
sign-learning children also produce homonymous 
forms (a single manual form is used by a child to 
represent two or more adult target signs). Moreover, 
the incidence of homonymy in sign-learning children 
does not differ significantly from that reported for 
typically developing children learning to speak. The 
young sign-learning children’s highest incidence of 
sign homonymy, however, often takes place several 
months before the comparable peak incidence in the 
children learning to speak.

Conclusion
Acquisition of a sign language by children of deaf par-
ents parallels in many ways the development of spo-
ken language in hearing children. There is, however, 
some evidence that children learning to sign often 
attain certain early language milestones at somewhat 
younger ages than many of their speech-learning 
counterparts. Overall, the many similarities in lan-
guage development across modalities suggest that the 

human capacity for language largely transcends its 
modality of expression.

John D. Bonvillian
University of Virginia
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Slow	Mapping	in	Lexical	
Development
There is growing evidence that children often require 
considerable input and repetition to fully acquire a 
word—a phenomenon called slow mapping to contrast 
it with fast mapping. Fast mapping (also called quick 
incidental learning) has received considerable atten-
tion as a word-learning phenomenon. Fast mapping 
is defined as inferring a correct or near-correct word 
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meaning from one or a few exposures to the word. It is 
considered noteworthy because inferring word mean-
ings is theoretically a difficult, under-constrained 
inductive task. S. Carey and E. Bartlett first reported 
that young children mapped a new color word onto a 
novel color after hearing it just twice. Since then, doz-
ens of studies have documented fast mapping in chil-
dren age 2 and older in a handful of languages and in 
populations of children with developmental disabili-
ties or risk factors. Most studies have examined fast 
mapping of object nouns, but a few have tested verbs 
and adjectives.

How	Hard	Is	the	Problem	of	Induction?
Several philosophers (Ludwig Wittgenstein, Nelson 
Goodman, and Willard Van Orman Quine) pointed 
out that a symbol could have infinite possible mean-
ings, so learners might never converge upon a shared 
meaning. This makes fast mapping seem implausible, 
so some psychologists have assumed that it must reflect 
some robust a priori word-learning capacity. Other 
researchers, however, have noted that many nonspecific 
cognitive phenotypes (e.g., perceptual salience, gen-
eralization, forgetting, and active attention) strongly 
constrain what people talk about or assume others 
are talking about. Thus, the actual difficulty of word 
learning is unknown but is certainly not as intractable 
as sometimes portrayed by philosophers. Also, this dif-
ficulty is often greatly reduced in experimental stud-
ies, so fast mapping, when it occurs, might not be such 
a profound inductive feat. In fact, the historic Carey 
and Bartlett study did not actually show especially fast 
word learning: Children guessed the intended referent 
equally well whether or not a novel word was used, pre-
sumably by choosing the more distinctive referent.

Rate	of	Word	Learning
It is often assumed that the speed of children’s word 
learning is reflected in their overall rates of vocabulary 
growth. Although estimates vary somewhat, the most 
convincing study, by Jeremy Anglin, suggests that chil-
dren from first through third grades gain facility over 
about 4,500 words a year. Often, such statistics are 
translated into units of average words learned per day, 
presumably for the purpose of convincing the audience 
of children’s astounding word-learning ability. Yet, the 
practice is misleading: There is no study of how many 
words, on average, children learn per day. The closest 
data come from studies of second-language learners’ 
acquisition of words from a text passage after a single 

study session. Such studies often show that only a small 
proportion of novel words (less than 10 percent) are 
remembered. Thus, word learning by older children 
appears laborious and often unsuccessful. More gener-
ally, however, vocabulary growth statistics tell us noth-
ing about the rate of learning any single word. Cross-
sectional studies might reveal that vocabulary grows 
by 1,000 to 2,000 words a year, but it is possible that 
most or all of the words were learned slowly, in parallel, 
over many repetitions. Vocabulary growth statistics are 
uninformative about either the rate of learning any sin-
gle word or about how much input preceded learning.

If data on vocabulary growth trends are in fact 
tangential to, or even misleading about, questions 
of word learning rate, other data might prove more 
informative. Specifically, starting with the parsi-
monious assumption that word learning proceeds 
much like other kinds of learning, a host of studies 
of animal and human learning suggest that the rate of 
learning all sorts of associations (including, perhaps, 
between words and referents) shows a predictable dis-
tribution, which approximates a normal curve. That 
is, a few items will be learned very fast, a few items 
will be learned very slowly, and most items will be 
learned over an intermediate number of exposures 
or repetitions. The question then becomes this: Does 
children’s word learning deviate from this expected 
distribution? Do children learn relatively many words 
from very few exposures, yielding a skewed distri-
bution of learning times? Unfortunately, there is no 
direct evidence for the question because few studies 
have tracked growth curves for word meanings over 
successive presentations. However, a recent study by 
G. O. Deák and A J. Toney tested preschoolers’ com-
prehension after each of four unambiguous presenta-
tions of novel words for objects. Children’s accuracy 
after one or two exposures was modest (about 45 per-
cent correct; chance = 25 percent), rising to about 60 
percent after three or four exposures. This suggests 
that fast mapping is not unusual, nor is it inevitable. 
But how common is it, in general? Is it robust enough 
to disconfirm the prediction that word learning fol-
lows normally distributed learning rates?

The	Prevalence	of	Fast	Mapping
Subsequent studies show a great deal of variability in 
children’s word learning over a small number of expo-
sures. In a handful of studies of older infants and tod-
dlers, fast mapping appears variable and fragile. One 
study attempted to teach infants a single noun and 
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verb. After more than 20 repetitions, learning was 
evident in fewer than one-third of 9- to 11-month-
olds, half of 12- to 14-month-olds, and three-fourths 
of 15- to 17-month-olds. Using very different meth-
ods (preferential looking), another study showed that 
15-month-olds looked at a named object slightly more 
than another object after hearing the first object named 
three times. Results such as these suggest that 1-year-
old infants can form perceptual biases to associate a 
visual stimulus with a distinctive word pattern after a 
few pairings, but across contexts the necessary number 
of pairings seems to differ widely. Also, in these studies, 
it is unclear whether infants or toddlers learn anything 
beyond a weak, low-level, visual–auditory association.

Studies of older children also reveal highly vari-
able fast-mapping outcomes. For example, in one 
study, 4½-year-olds correctly identified referents of 
five novel words with about 33 percent accuracy after 
13 presentations. Other studies show better perfor-
mance (about 60 to 80 percent accuracy) after two to 
four presentations of a novel word. Thus, fast map-
ping clearly occurs, but its likelihood seems to depend 
greatly upon the details of the methods used.

Across these variable results, is it possible to infer 
whether fast mapping of words is more common than 
expected in a normal distribution of learning rates? 
A handful of studies directly compared children’s fast 
mapping of words to other kinds of information: facts, 
gestures, pictograms, and so on. No study reported 
faster learning of words. One study found slower learn-
ing of words than facts or pictograms by 3- to 5-year-
olds. Thus, fast mapping is not more likely for words.

What	Is	Mapped,	and	How	Well?
It is likely that, even when children seem to learn 
some sense of a new word, they have incomplete 
understanding of its meaning. For example, chil-
dren—especially young children—might require 
considerable input to induce the semantic relations of 
new words and other related words. It is assumed that 
children comprehend more words than they can pro-
duce, but it is also the case that children will produce 
words despite minimal or incorrect understanding. 
This might be true especially of words with abstract 
meanings. Such words include function words, men-
tal-state verbs, and abstract nouns. For example, with 
regard to function words (e.g., articles), children may 
produce the word in frozen phases such as dats-a 
(that’s a) without isolating the article. There is also 
much evidence that children use mental verbs such as 

know, meant to (i.e., intend), and guess despite serious 
gaps in their understanding of the concepts (as adults 
understand them). Finally, children sometimes use 
superordinate labels, number words, and quantifiers 
(e.g., all gone) before they understand the implied set-
relational semantics. In many cases, it is unclear how 
long children will use these sorts of words before they 
fill in the critical aspects of meaning.

These gaps in word comprehension show that any 
assessment of the speed of mapping—fast or slow—
is relative to the kinds of measures used. Learning is 
a complex, multivariate construct, but in most stud-
ies, learning has been estimated using an insensitive, 
minimally informative measure: Children are shown 
two or more objects, including the learned referent. 
The other referent is usually a distinctly different novel 
object or perhaps a familiar object. In some studies, 
children could answer correctly by picking whatever 
object the experimenter recently pointed out or talked 
about. Children need not choose an object based on 
any specific features, or subtle distinction, or specific 
association with a word or phonological pattern. An 
exacerbating problem is that, in many studies, children 
chose among only two or three objects. Choosing the 
right object by chance is quite likely. Moreover, because 
the objects and the word are so distinctive, children 
could choose correctly if they learned only the weak-
est association between any distinctive feature of the 
referent and any feature of the name. In short, most 
fast-mapping studies use extraordinarily loose criteria 
for learning. In several studies, however, children were 
taught several words for several referents and then had 
to pick out which referent was paired with each word. 
This is a better design, especially if additional experi-
mental controls are used. However, such studies tend 
to report less robust fast mapping.

Very few studies have tested whether children retain 
functional knowledge of fast-mapped words. Even if 
children can pick out the referent immediately after 
learning the word, if that association is not retained, 
it is unclear how important fast mapping is for lan-
guage learning. Two studies reported that 3- to 5-year-
old children were above chance in recognizing fast-
mapped objects after a delay of one to four weeks. 
However, another study reported that 24-month-olds 
forgot novel words after several minutes. Thus, fast-
mapped representations might be quite fragile, espe-
cially in toddlers.

Another criterion for functional knowledge 
is the ability to use a word productively. The few 
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fast-mapping studies that tested children’s produc-
tion report very low performance, even for distinc-
tive, easy-to-pronounce words. In sum, fast-mapped 
words seem to be fragile and of limited utility.

Some criteria for functionality remain virtually 
untested in studies of fast mapping. There is almost no 
evidence that children generalize fast-mapped words 
across wordforms (e.g., inflected forms), different ref-
erents, or different contexts (e.g., different speakers or 
locations). Critically, there is no evidence of fast map-
ping in naturalistic settings. In several studies, adults 
have taught infants or preschoolers words using con-
trolled protocols but within relatively natural con-
texts (e.g., homes). These studies showed relatively 
slow learning. One study, for example, used a play-
like interaction to teach children four novel words 
and the relations among them. Four- and 5-year-olds 
learned few words, even after more than 20 exposures 
and multiple reminders of the defining referent fea-
tures. Also, the children made many errors about the 
semantic relationships between words, suggesting that 
they often learned incorrect associations even when 
there was sufficient information to learn the correct 
relations. Children age 6 to 7 did considerably better 
(about 75 percent accuracy), showing that the task was 
not intractable. The results suggest that, in more natu-
rally rich and complex learning contexts, young chil-
dren learn words more slowly than is suggested by the 
results of experimental studies using maximally sim-
plified, stripped-down teaching and testing paradigms 
and low-threshold criteria for learning.

Who	Is	Fast?
Educators, researchers, and laypeople often imply 
that preschool-aged children are precocious lan-
guage learners, acquiring new words like sponges. 
Astonishingly, there are virtually no comparisons of 
word-learning speed of preschool children and older 
children or adults. However, the aforementioned 
study shows that 6- to 7-year-olds are faster and more 
accurate word learners than 4- to 5-year-olds. Also, 
an adult control group in Deák and Toney’s study 
greatly outperformed 3- to 5-year-olds in learning 
and remembering four novel words. Thus, what little 
evidence there is suggests that preschool children are 
slower word learners than older children and adults.

Conclusion
In optimal conditions, children as young as 2 years 
occasionally fast map novel words. However, even 

under optimal conditions, fast mapping is far from 
inevitable. There are several studies showing that, in 
slightly more challenging or ambiguous tasks, children 
learn most words much more slowly, with many errors 
and imperfect representations of meaning.

Gedeon O. Deák
University of California, San Diego
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Social	Conventions,	
Learning	of
Humans are an inherently cultural species. From the 
very first days of life, children are enveloped by norms, 
activities, objects, and symbols that are often unique 
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to their particular community. Crucially, although 
they may seem arbitrary, these cultural forms are 
shared and enforced by members of a community. 
In other words, they are social conventions. In order 
to function effectively in their respective communi-
ties, children need to learn these conventions. Recent 
developmental research reveals that, indeed, in their 
first years of life, children develop a nuanced assump-
tion about which kinds of cultural forms are shared 
by others and who knows them. Moreover, research 
has also been uncovering the kinds of cues children 
rely on to derive this assumption. This work contrib-
utes to our understanding of how humans become 
cultural beings.

What	Are	Conventions?
Conventions are forms which are (1) socially con-
veyed as opposed to naturally available, (2) cogni-
tively opaque as opposed to self-evident, (3) arbitrary 
as opposed to objectively truthful, (4) community 
bound as opposed to idiosyncratic or universal, and 
(5) prescriptively powerful within the community (as 
opposed to completely flexible). Examples of con-
ventions are the various forms of language used in 
a community (e.g., words, grammatical structures, 
expressions, and pronunciations), symbols used to 
communicate ideas (e.g., traffic signs), communi-
cative gestures (e.g., how to wave good-bye), which 
and how objects are used (e.g., cutlery), games and 
their rules (e.g., football), and social norms (e.g., 
how to greet people). Given these examples, it is 
clear that from a young age children need to have a 
fairly reliable understanding of conventions. They 
need to know, and hold the expectation that others 
know, what words to utter in order to express certain 
concepts, what objects to use to accomplish distinct 
functions, and how to respond to different gestures 
and symbols or in various social interactions. Recent 
work has been providing evidence for this under-
standing already in the first years of life.

Children’s	Understanding	of	What	Is	Conventional
The paradigmatic case of conventions is language. In 
her pioneering work on conventionality in language 
acquisition, Eve Clark noted two implications of an 
assumption of conventionality: (1) that the names of 
objects are shared by members of a linguistic com-
munity (Principle of Conventionality); and (2) that, 
if a speaker utters a name different from the con-
ventional one used to refer to given objects, then 

the name likely has a meaning that contrasts with 
the conventional one (Principle of Contrast). Devel-
opmental studies have shown that the Principle of 
Conventionality is manifest in children even prior 
to their second birthday. Namely, 13-month-olds 
are surprised if different individuals use the same 
name for two different objects, and 19-month-olds 
expect two different individuals to refer to a novel 
object with the same name. As for the Principle of 
Contrast, the clearest examples come from studies 
showing that, by 3 years of age, children expect even 
new speakers to know the names of novel objects. In 
particular, when children were taught a novel label 
for one of two novel objects, and then a speaker who 
was absent during this teaching event asked them for 
the referent of a different novel label, children upheld 
the Principle of Contrast and handed to the speaker 
the previously unlabeled, novel object.

Further studies reveal that children apply these 
principles in judicious fashion in at least two 
respects. First, they do not assume that all names 
are conventional. In particular, whereas the com-
mon names of objects (e.g., dog) are supposed to be 
part of the linguistic knowledge of all speakers of 
a language, the proper names of objects (e.g., Rex) 
are not. For instance, in a scenario similar to the one 
described above, 4-year-olds do not assume that an 
absent speaker would know the novel proper names 
of objects that a child had been taught. Second, chil-
dren do not expect everybody to know the conven-
tional names of objects. Specifically, when taught 
novel names in a given language, 4-year-olds do 
not assume that a speaker who does not know that 
language would know these novel names. In other 
words, children limit the Principle of Conventional-
ity to members of a linguistic community. More gen-
erally, when speakers prove to be ignorant of familiar 
conventional names, children withhold applying the 
Principle of Contrast to them. 

Researchers have extended the above type of argu-
ment to domains other than language, examining 
whether children hold an assumption of convention-
ality about a variety of cultural forms. These stud-
ies provide a more comprehensive appraisal of the 
kinds of socially conveyed information that children 
believe is shared with others and those that are not. 
For instance, although toddlers believe object names 
to be shared, they do not believe that personal pref-
erences or goals toward objects are. By 2 to 3 years 
of age, children do not believe that idiosyncratic facts 
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about objects are shared knowledge, but they believe 
that the functions of objects are. Thus, when shown 
how a new object is used, children expect others to use 
the object in a similar manner, even if there are other 
equally efficient ways of using it.

In fact, children have been found to complain 
explicitly if someone chooses to operate an object in a 
nonconventional fashion. Such complaints are taken 
as indicative of a further aspect of an assumption of 
conventionality, namely, that conventions are norma-
tive. In other words, not only do children expect oth-
ers to know conventions, but they also expect others 
to obey them. This aspect of conventionality has been 
most clearly demonstrated in cases in which children 
are exposed to rules, for instance, of games. In these 
cases, 3-year-olds often explicitly protest against new 
participants who violate the rules, explaining to them 
how they are supposed to play the game. Moreover, 
children are more adamant about participants from 
their social group obeying the rules than participants 
from a different social group.

In sum, from a young age, children (1) assume that 
common object names, object functions, and game 
rules are conventions known and shared by others; 
(2) expect—and demand—others to conform to 
these conventions; and (3) are judicious in who they 
expect to know the conventions.

How	Are	Conventions	Learned?
Conventions pose a unique learning puzzle for chil-
dren. This is so because, even though conventions 
are somewhat general in scope—applying to a com-
munity of people—they are not universal. Moreover, 
even though they are arbitrary forms intentionally 
produced by people, many other types of forms are, 
too, and yet are not conventional (e.g., proper names 
and personal preferences). In other words, deter-
mining the precise scope of applicability of conven-
tions is far from trivial. In addition to this logical 
challenge on how conventions are learned, there are 
also psychological ones that need to be considered. 
Namely, the mechanisms children employ to learn 
conventions need to be basic enough so as to be 
available at a fairly young age but also sophisticated 
enough so as to allow for the qualitative difference 
between human children’s and nonhuman primates’ 
capacities to acquire cultural knowledge. With these 
constraints in mind, a variety of mechanisms have 
been proposed to account for how children learn 
conventions.

One type of cue children rely on to acquire conven-
tions has to do with who the source of the information 
is. In particular, children rely on both contextual and 
categorical cues about agents in order to determine 
whether the information expressed by them is conven-
tional. Namely, when agents are proven to be knowl-
edgeable about familiar conventions—for example, 
names or functions of objects—or if they manifest 
confidence about their knowledgeableness, then chil-
dren trust the agents’ future provisions of information 
as conveying conventional knowledge. Children also 
discriminate based on the categorical identity of the 
agent. Thus adult sources are generally more trusted 
than children, and information expressed by members 
of the child’s cultural group is more faithfully learned 
than that expressed by nonmembers.

A second type of cue that children rely on to learn 
conventions has to do with the manner in which the 
information is presented to them. In this respect, chil-
dren have been found sensitive to a range of cues, from 
very explicit to subtle and indirect ones. For instance, 
studies find that parents often engage in labeling 
strategies that may convey to children that there is a 
best word to use to refer to objects. Parents also seem 
to provide children with cues about the existence of 
preferred ways for using certain objects, such as using 
generic nouns to describe object functions. These 
cues quite explicitly indicate to children which forms 
are conventional. Even without such parent-provided 
pragmatic or semantic cues, from a very young age, 
children are attentive to the indirect ways in which 
information is conveyed. 

In particular, when a person ostensively calls chil-
dren’s attention toward a piece of information being 
conveyed, and does so by pointing it out in a rel-
evant manner, children interpret that information as 
being general, in the sense that it relates not only to a 
particular instance or event but rather to categories, 
and as universal, in the sense that it is not unique to 
the individual who has taught them but rather can 
be assumed to be known by others as well. In other 
words, information conveyed via such pedagogical 
cues is taken to be a cultural convention. Finally, 
even when children are not the direct addressees of 
a piece of information being manifested, they may 
nonetheless interpret the information as conven-
tional. Specifically, if an actor manifests the infor-
mation intentionally—as when using or naming 
an object—then children will likely interpret that 
information as conventional, for example, expecting 
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others to use or name that object in a similar fash-
ion. In fact, children might do so even if they simply 
vicariously observe or overhear a piece of informa-
tion. Additionally, if the information is manifested 
consistently, either by the same person or across dif-
ferent people, then children will likely interpret that 
information as representing the correct way to do or 
express something. 

Future	Directions
There are a number of issues regarding children’s 
learning of social conventions that need to be further 
defined or explored. First, the domain of conventions 
needs to be further appraised. For instance, studies 
similar to the ones reviewed above may assess chil-
dren’s assumptions about additional cultural forms, 
such as symbols, gestures, and social norms. Second, 
studies need to address aspects of conventions that 
are yet to be comprehensively examined. Two clear 
aspects are their arbitrariness—that is, that conven-
tions are changeable—and their cultural bound-
edness—that is, that conventions are applicable to 
members of a particular cultural community. Third 
and finally, there need to be studies on the discrimi-
natory validity and sufficiency of the various cues 
postulated to account for children’s learning of con-
ventions. Expanding research in these directions will 
contribute to the understanding of how children are 
so uniquely adept at acquiring culture.

Gil Diesendruck
Bar-Ilan University
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Social	Foundations	
of	Communicative	
Development
Children learn language with such efficiency and 
apparent ease that it is easy to overlook the enor-
mous array of social mechanisms that facilitate this 
learning. Infants are sensitive to social cues, such as 
the typical structure of social interactions and the 
sounds of child-directed speech. Even before birth, 
the developing infant is learning the prosody of his or 
her native language and caregiver’s voice. But as with 
many features of human development, the pathway to 
communication is not unidirectional. Adults actively 
contribute to infant’s learning by responding warmly 
to infant vocalizations, modifying their speech to 
match the infant’s cognitive level, and speaking in a 
manner that evokes infant attention. Developmental 
delays in children who have difficulties in social inter-
actions further underscore the importance of social 
engagement in developing communicative abilities. 
Importantly, children are not only extremely skilled 
in attending to socially communicated information 
about language, but their desire to communicate with 
others is their motivation to speak and learn language.

Infant	Social	Sensitivity	and		
Parental	Responsiveness
Learning to engage in meaningful verbal interactions 
requires much more than the appropriate use of words 
and grammar. Successful communication requires 
attention to the format of conversational structures, 
such as the timing and expression of speakers’ roles. 
Sensitivity to timing and contingency allows a child 
to engage in conversation, gain a sense of agency, and 
respond appropriately to social cues. The role of care-
givers in language socialization is also critical. Parents 
who respond readily and appropriately to their devel-
oping child’s actions and needs promote better lan-
guage learning.
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In the first months of postnatal development, 
infants already have expectations about their dyadic 
interactions with adults. In the still-face paradigm, for 
instance, adults first engage infants in a normal social 
interaction and then cease to respond to infants’ 
actions while maintaining a neutral facial expression. 
From as young as 2 months of age, this disruption of 
a contingent interaction results in reduced smiling 
and gazing by the infant and increased self-comfort-
ing behaviors. By 3 months, infants have also shown 
sensitivity to other types of contingency disruption. 
When engaged in an interaction in which adults’ 
vocalizations are out of sync with their own behav-
iors, 3-month-olds show reduced gazing. At the same 
age, they also demonstrate increased smiling when an 
adult imitates them. Similarly, 3- and 6-month-olds 
are sensitive to subtle manipulations in the timing 
of their mothers’ responses to them. For instance, 
infants’ behaviors change when maternal responses 
to their actions are delayed for as little as one second.

Contingent parental responses contribute explicitly 
to language development by encouraging and shaping 
infant vocalizations. At just 3 months of age, infants 
increase their number of vocalizations in response to 
adult social reinforcement (e.g., touching and smil-
ing). This parental contingency appears to influence 
not only the frequency of infant vocalizations but also 
the quality of them. For instance, when mothers time 
their responses to follow infants’ vocalizations, infants 
produce more mature and language-like sounds. 
Similarly, 2- to 7-month-olds increase production of 
either vowel or consonant sounds, depending on adult 
responses. These tailored responses to adult reinforce-
ment may help to explain cross-language differences 
observed in infant babbling.

Babbling is an important precursor to language 
production, and babbling patterns differ according 
to native languages. For instance, infant babbling 
in Nigeria, where the native language tends to start 
words with vowels, differs reliably from that of French 
infants, who engage in the more French-typical pat-
tern of starting with consonant sounds. Although 
simple exposure to the native language likely plays a 
role in this phenomenon, parents actively encourage 
language-appropriate babbling. For example, par-
ents tend to imitate the sounds their infants make 
when babbling and are more responsive to bab-
bling that better mimics the native language sounds. 
Socially derived visual cues may also aid infant learn-
ing, given that infants more frequently imitate adult 

vocalizations when the adult model’s voice matches 
their facial movements.

Parental responsiveness remains important as 
infants transition from simple vocalizations and bab-
bling to producing true language. Sensitive parents 
respond to their infant’s attempts at linguistic produc-
tion through word imitation or affirmations of his or 
her behavior. Another important aspect of parental 
responsiveness includes tailoring word choices and 
descriptions to match the current focus of the infant’s 
interest. For instance, if the infant’s gaze or point indi-
cates that he or she is focused on one image in a book, 
the responsive parent will describe that image rather 
than trying to turn the infant’s attention to another. In 
addition to providing emotional support, this respon-
sive style is thought to promote learning, perhaps 
because it reduces the need for cognitively challeng-
ing shifts in attention. Appropriate responsiveness may 
also include matching word and phrase complexity to 
the child’s cognitive ability—thereby creating a sort of 
social scaffolding for language learning. The power-
ful impact of responsive parenting is exemplified by a 
longitudinal study by Catherine Tamis-LeMonda and 
colleagues of mother–infant interactions and language 
abilities at 9 months and again at 13 months. At both 
ages, the infants whose parents were adept at engaging 
in supportive linguistic interactions reached linguistic 
milestones (such as describing a past event) earlier in 
the second year than those with less responsive parents.

Such responsiveness is particularly important for 
infants who are at risk for developing language delays. 
Various measures of responsiveness, such as being 
nonrestrictive and following the infant’s attention, 
are predictive of language outcomes in infants with a 
range of developmental disorders and biological risk 
factors (e.g., very low birth weight). Sensitive match-
ing to an infant’s cognitive abilities may be especially 
critical in promoting comprehension for these infants. 
For instance, very low birth-weight infants are known 
to have difficulty shifting their focus, and therefore, by 
following their infants’ focus, responsive parents may 
provide better opportunities for them to learn. More-
over, a general tendency to be warm and supportive 
may encourage and motivate infants to continue their 
efforts to communicate. 

Child-Directed	Speech
Infants’ sensitivity to appropriate social cues and 
adults’ ability to provide appropriate support for 
learning both play a critical role in infants’ mastery of 
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verbal communication. This interactive path toward 
learning is especially apparent when observing adults’ 
speech patterns when talking to infants. Infant-
directed or child-directed speech, sometimes called 
motherese, is distinguished from adult-directed 
speech in numerous ways. Child-directed speech 
tends to have slower utterances, a wider pitch range, 
increased repetition, and longer pauses. These distinc-
tive speech qualities remain remarkably consistent 
regardless of the sex or cultural background of the 
speaker, although features of child-directed speech 
do change as the infant develops. For instance, pitch 
range is reduced as infants get older, and parents tend 
to speak more to older infants and children.

Specific features of child-directed speech have been 
hypothesized to support language learning by increas-
ing infant attention to important linguistic forms and 
functions. The wider pitch range of child-directed 
speech is thought to capture infant attention. Indeed, 
numerous behavioral studies have shown that, in the 
first months of life, infants prefer child-directed over 
adult-directed speech independent of the speaker’s 
sex. The theory that infants direct greater attention 
to child-directed speech is supported by neuroimag-
ing data in which sleeping neonates showed increased 
brain activity in response to child- as compared to 
adult-directed speech.

Another important component of child-directed 
speech is emphasis on word endings and vowel 
sounds. Adults reliably emphasize final syllables more, 
which may help an infant to recognize word bound-
aries. Therefore, infants are also better able to make 
distinctions between words in child-directed versus 
adult-directed speech. Adults also tend to emphasize 
vowels thereby facilitating infant recognition of vowel 
categories.

Although not observed universally, child-directed 
speech shows a remarkable consistency in features 
across a broad range of cultures. Adult tendencies to 
increase pitch variability, emphasize vowel sounds, 
and increase quantity of vocalizations when speak-
ing to older infants are all observed in many cultures. 
Some cross-cultural variation, however, has also been 
noted. Anne Fernald and Hiromi Morikawa observed 
Japanese and American mothers speaking with their 
infants (from 6–19 months of age). Mothers from 
both cultures used high levels of repetition and mod-
ified their speech as appropriate to their infants’ ages. 
However, American mothers had a greater tendency 
to label objects, while Japanese mothers were more 

likely to use those objects to facilitate social inter-
actions with their infants. This pattern is consistent 
with parenting styles that place a greater emphasis 
on objects in societies that value independence, and 
might explain why American infants are reported 
to know more nouns (i.e., object names) than their 
Japanese peers.

The extent to which we see cross-cultural univer-
sality in child-directed speech provides strong evi-
dence for an innate mechanism for both learning and 
teaching language. However, regardless of evolved 
language-learning mechanisms, infants much still rely 
on extensive social interactions to develop language.

The necessity of social interaction in language 
learning is illustrated by the fact that infants who have 
limited access to social stimulation are at risk for lan-
guage delays. Depressed mothers tend to engage their 
infants in fewer social interactions and display limited 
facial expressions. Moreover, depressed mothers tend 
to have flatter vocalizations, lacking the characteristic 
variation in prosody found in child-directed speech. 
Given that the prosodic features of child-directed 
speech are thought to evoke infant attention, it is not 
surprising that infants had difficulty forming asso-
ciations in response to the speech of depressed moth-
ers, as is shown in multiple studies. Clearly, although 
infants may appear to learn words effortlessly, they 
actually rely on a wide array of social cues to achieve 
verbal communication.

Shared	Attention	and	Word	Learning
As described, social interactions play a critical role 
in shaping infant vocalizations and their learning of 
native language speech sounds. It plays a further role 
in word learning, as infants must engage in shared 
attention with others to learn the referents of words. 
Joint attention interactions are critical to infants’ cog-
nitive and social development. The ability to success-
fully use joint attention is indicative of both healthy 
cognitive development and a contributor to it. By fol-
lowing the attention of others and perceiving mean-
ing in shared attention, infants’ gain tools for under-
standing objects and others in their environment and 
for learning the names of things. Success in using 
joint attention in the first year is a predictor of lan-
guage ability in the second and third years.

Michael Tomasello and Michael Farrar conducted 
one of the first studies to demonstrate how shared 
attention applies to language learning. They observed 
how mothers modified their speech when engaged 
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in joint attention with their toddlers; for instance, 
when the mother and infant focused on the same 
object, they both produced more vocalizations, and 
the mother slowed her speech. Moreover, when the 
adult labeled an object in the toddler’s focus of atten-
tion, the toddler more readily learned the object label. 
Neurological data from event-related potential (ERP) 
studies provide important insights on the specific 
mechanisms that may underlay this efficient word 
learning. Such research with 18- to 21-month-olds 
demonstrates enhanced semantic processing of words 
learned in joint attention contexts when compared to 
words learned in a nonsocial context.

However valuable, engaging in joint attention is a 
challenging task. In order to do so, an infant must be 
able to identify relevant others, recognize that others 
have intentions, understand the intention behind their 
gaze, use spatial abilities to follow their gaze, iden-
tify the other’s target of attention, and share atten-
tion directed toward the target. Although it was once 
argued that joint attention skills emerged abruptly 
between 9 and 12 months of age, by Tricia Striano and 
colleagues established a series of studies that specific 
joint-attention skills emerge well before 9 months of 
age. At just 3 months, infants are sensitive to differ-
ences between dyadic (face-to-face) interactions and 
joint-attention interactions.

ERP studies show that, at 3 months, infants increase 
responsiveness to objects targeted in joint attention 
interactions. By 6 months, infants show increased 
looking to adults in joint attention, as compared to 
dyadic exchanges, and at 7 months, they use joint 
attention interactions to learn about novel objects. 
Finally, longitudinal data show that the specific skills 
underpinning joint attention, including gaze follow-
ing and coordinating visual attention, develop steadily 
between 7 and 9 months of age. This incremental 
development of joint-attention abilities exemplifies 
how infants are remarkably sensitive to linguistically 
relevant social cues from a very early age and how this 
sensitivity develops over the course of time to yield 
extraordinarily efficient word learning.

Conclusion
Infants rely on an enormous range of social cues and 
interactions in learning language. Moreover, adults 
adeptly modify their interactions with infants to pro-
mote this learning. The pervasiveness of these skills 
arguably implies the existence of evolved structures 
for both learning and teaching language. However, 

it is also essential to recognize that infants utilize 
an extraordinarily complex and specialized suite 
of behaviors in acquiring language through active 
engagement with, and skilled social attunement to, 
responsive caregivers.

Mariah G. Schug
Wesleyan University

Tricia Striano
Hunter College, City University of New York
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Social	Functioning	in	
Children	With	Language	
Impairments
Children with language impairment (LI) have diffi-
culty acquiring language in the face of relatively typi-
cal cognitive, sensory, and neurological development. 
Although this classic definition also implies unre-
markable social growth, recent work has revealed that 
many of these children experience social difficulties. 
Research examining the social and emotional devel-
opment of children with LI has identified a variety 
of concerns. Problems may appear early in develop-
ment, continue through the preschool and elementary 
school years, and persist through adolescence into 
adulthood. The social challenges these individuals face 
change as the social context changes, however. In tod-
dlers, these problems may be manifested as difficulties 
in social interaction. Preschoolers with LI may also 
have problems interacting with other children and be 
poorly accepted by peers. Preschoolers and elemen-
tary-school age children with LI have difficulty with 
a variety of social tasks such as resolving conflicts and 
entering ongoing interactions. 

Elementary school-age children also experience 
high rates of poor peer acceptance, problematic 
friendships, and higher levels of reticent withdrawal. 
Older elementary school-age children with LI may 
have a poor self-concept and be susceptible to victim-
ization (bullying) by peers. In adolescence, individu-
als with impaired language have fewer social contacts, 
are less independent, and may experience socioemo-
tional problems such as high levels of anxiety. Prob-
lems using language to communicate effectively play 
a key role in these social challenges. There is evidence, 
however, that other factors such as deficits in emo-
tional competence also contribute to the social diffi-
culties experienced by individuals with LI.

Research	on	Children	With	Communication	Issues
Reports examining the social difficulties of children 
with communication problems have been available 
for some time. One line of work within this general 

area of research has focused on the association of lan-
guage difficulties and socioemotional impairment. 
Although the populations studied (including children 
with a range of speech and language problems) and 
methods used have varied considerably from study to 
study, the overall consistency of findings is impressive. 
Researchers have found a high degree of overlap, with 
many children with a primary diagnosis of LI expe-
riencing socioemotional difficulties. Examinations of 
children with a primary diagnosis of psychiatric dif-
ficulty have also revealed a high incidence of LI. Exact 
figures vary, but a 50 percent level of co-occurrence 
is often reported. Children with LI appear to be at 
greater risk for socioemotional challenges than those 
with speech problems.

In the 1990s, a number of researchers began exam-
ining the social interactions of children with LI. These 
investigators not only considered the social compe-
tence of children with LI but also the social ramifica-
tions of having poor language abilities. R. Paul and her 
colleagues found that 2-year-old children who were 
slow to begin talking were also delayed in social devel-
opment. Further, these delays not only impacted areas 
of social development that required language but also 
those that did not involve language, such as participa-
tion in social games. M. Rice and colleagues examined 
the social interactions of (1) preschoolers with speech 
disorders and LI, (2) children with typical language 
development, and (3) children learning English as 
a second language at the University of Kansas Lan-
guage Acquisition Preschool. These researchers found 
that children with LI preferred interacting with adults 
rather than peers, whereas typical children preferred 
other typical children as conversational partners. 
Additionally, children with LI frequently ignored the 
conversational bids of peers and, in turn, were ignored 
by peers. When interviewed to determine preferred 
playmates in a common play activity, children in the 
preschool preferred playmates with typical language 
abilities. The children with LI were rated as less pre-
ferred play partners.

Many children with LI have difficulty with a vari-
ety of important social tasks. For example, L. Horow-
itz and her colleagues observed preschool-age boys 
with LI and typically developing boys as they resolved 
conflicts with peers. Typical boys resolved more con-
flicts. Boys with LI had a higher number of conflicts 
in which reconciliation was not attempted. The boys 
with LI also had more difficulty than did the typi-
cal boys using verbal means to resolve conflicts (e.g., 
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apologizing) and did not compensate using nonverbal 
strategies (e.g., friendly touching).

Elementary	School
As children with LI reach elementary school, the num-
ber of social tasks they must perform increases. At the 
same time, the social contexts in which they partici-
pate become more complex. One common social task 
is that of entering the ongoing interactions of other 
children. H. Craig and J. Washington observed 7- and 
8-year-old children with LI as they attempted to join 
already established playgroups. The children with LI 
had notable difficulty with this task, often failing to 
gain entry even after an extended period of time. Craig 
and Washington also observed typical children of the 
same chronological age and then typically developing 
children of the same developmental language age per-
forming the same task. All of the typical children were 
able to enter the interaction. These results have been 
replicated with very similar results with older elemen-
tary school-age children.

Even if they are able to enter the play, children 
with LI have difficulty integrating themselves into 
the play. Research at various sites, including the 
Brigham Young University (BYU) language lab, has 
revealed that children with LI often seem to function 
on the outside of interactions. They may be excluded 
from the play interactions of peers. At other times, 
they may contribute but rarely influence the direc-
tion of the play. For example, the cooperative work 
group is a common school context. In a cooperative 
group, several children work together on an assign-
ment or project. Although the nature of groups 
varies, successful participation usually involves 
language-intensive social tasks such as resolving dis-
agreements, negotiating the distribution of materi-
als, directing the activity of others, and group deci-
sion making. Children with LI participate in these 
groups with varying success. These children tend to 
use less sophisticated negotiation strategies than do 
typical peers and have less understanding about how 
to resolve conflicts between group members success-
fully. As might be expected, however, the problem is 
not simply poor language skills. Although language 
abilities play an important role in the ability to par-
ticipate successfully, social behaviors are also highly 
influential in determining whether a child with LI 
is integrated or excluded from the group. Although 
children with LI are typically more likely to withdraw 
from interactions rather than to be confrontational, 

they can also be aggressive. Both withdrawal and 
aggression have a negative impact on small-group 
interactions.

Elementary school teachers rate children with LI 
as having poorer social skills, more problem behav-
iors, and fewer social contacts than their typical peers. 
Additionally, teachers consistently rate children with 
LI as demonstrating high levels of reticent withdrawal. 
This type of withdrawal is characterized by a simulta-
neous desire to interact with peers and a fear of doing 
so. An additional characteristic of reticent withdrawal 
that separates children with LI from their typical 
peers is doing nothing when there is plenty to do. 
Observations of children with LI on the playground 
support these teacher ratings, indicating high levels of 
withdrawn behavior. These children may stand alone 
doing little in the midst of a busy classroom or wan-
der from playgroup to playgroup at recess, never fully 
integrating themselves with their peers.

Even in clinical populations, negative behaviors 
generally make up a small percentage of a person’s 
overall behavior. Thus, it is also important to con-
sider more positive behaviors. Positive social skills 
such as playing cooperatively, comforting others, 
and sharing materials are often grouped together 
under the general label of sociable behavior. It is 
possible for a person to be withdrawn but also to be 
sociable when the need arises. Such a person might 
be considered as quiet or reserved but would not be 
viewed as having a social problem. Unfortunately, 
children with LI are not only rated by teachers as 
being more withdrawn than peers, but they are also 
rated as less sociable. Because sociable behaviors are 
often directly expressed through language, language 
and sociable skills tend to be correlated. Interest-
ingly, withdrawn behavior and language ability are 
not as closely related.

As children with LI make their way through the 
elementary grades, there is evidence that they expe-
rience increasingly poor self-concept in areas that 
involve their limitations, including academic ability, 
social acceptance, and behavioral conduct. Addition-
ally, children with LI experience higher rates of vic-
timization (bullying) and have fewer friendships than 
do typical children.

Adolescence
Several longitudinal investigations have documented 
the course of LI into adolescence. In one investiga-
tion, G. Conti-Ramsden and her colleagues followed a 
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large group of school children diagnosed with specific 
speech and language difficulties from age 7 to age 19. 
At 16, these children had fewer friends, higher rates 
of anxiety and depression, and higher rates of shyness 
(similar to the reticent withdrawal described above). 
Despite these differences, the adolescents with LI did 
not differ from their typical peers in their desire for 
social interaction. Conti-Ramsden also pointed out 
that, although rates of problem behaviors in per-
sons with LI were significantly higher than those for 
typically developing peers, many individuals with LI 
reported typical behavior.

J. Beitchman and colleagues followed a large group 
of Canadian children with LI from age 5 to adulthood. 
These authors reported high rates of anxiety and 
social phobia during adolescence, with levels decreas-
ing somewhat in adulthood. Interestingly, at age 25, 
perceptions of quality of life did not differ between 
young adults with LI and their typical peers. These 
positive perceptions were closely linked to social sup-
port from family, friends, and others. Also, the num-
ber of individuals with LI who were employed did not 
differ from a control group of typical individuals. The 
nature of their employment did differ, however, with 
individuals with LI more likely to hold less skilled jobs 
that did not require strong linguistic skills.

G. Lindsay, J. Dockrell, and colleagues also fol-
lowed a group of English children with LI from age 
8 into adolescence at age 17 years. These researchers 
found that some behavior problems tended to mod-
erate over time (e.g., hyperactivity decreased). Other 
social issues, such as peer difficulties, remained 
problematic. Lindsay and Dockrell also considered 
these students’ perceptions of their own abilities 
(self-concept). The individuals with LI had lower 
self-concept in specific areas, such as academics and 
social acceptance. These perceptions improved as 
students completed compulsory school and moved 
to different life contexts. Lindsay and Dockrell also 
emphasized the importance of social support in the 
lives of individuals with LI.

Language	Impairments	and	Social	Problems
The basis for the social problems of children with LI 
has been a question of interest for many researchers. 
S. Redmond and M. Rice proposed the social adap-
tation model, in which children with LI are viewed 
as having relatively typical socioemotional status. 
According to this model, these children are aware of 
their linguistic limitations and therefore choose to 

avoid situations that have heavy language demands, 
thus accounting for their high rates of withdrawal. 
There is little doubt that language difficulties play an 
important role in the social challenges that children 
with LI experience. There is compelling evidence, 
however, that language is not the only factor impact-
ing the social functioning of these children. For 
example, despite the fact that children with LI expe-
rience higher rates of social difficulties than do typi-
cal peers, there are some children with language dif-
ficulties who do relatively well in social interactions 
and relationships. Additionally, the severity of social 
impairment is linked to some language behaviors but 
not to others. For example, work done in the BYU 
language lab has demonstrated that severity of LI is 
related to difficulty with sociable behaviors. Severity 
of LI does not predict the severity of reticent with-
drawal, however.

In exploring other influential factors, research-
ers have found some notable outcomes examining 
emotional competence (similar to the concept of 
emotional intelligence). J. Ford and L. Milosky found 
that kindergarteners with LI had difficulty inferring 
the emotional reactions of a character that experi-
enced a series of simple scenarios (e.g., the character 
wants a teddy bear and then receives a teddy bear. The 
character is ___). Four basic emotions were assessed: 
happy, surprised, mad, and sad. The children with LI 
performed more poorly than did typically develop-
ing children and occasionally confused emotions of 
differing valence (positive for negative). Other work 
has indicated that children with LI have difficulty 
identifying emotion expressed on faces and identi-
fying emotion expressed in prosody. Studies investi-
gating more complex emotion-understanding tasks 
have also revealed differences. For example, children 
with LI have difficulty hiding their emotions when it 
is socially appropriate to do so (e.g., hiding sadness 
from Grandma after receiving a disappointing Christ-
mas gift from her). 

Teachers have rated children with LI as being less 
able to regulate emotions when compared with their 
typical peers. It is important to keep in mind that 
emotion regulation involves both elevating emotions 
and controlling emotions. Children with LI score 
low in both aspects of regulation but receive poorer 
scores in elevating emotions (e.g., gearing up one’s 
emotions to perform an onerous chore such as clean-
ing one’s room) than in moderating emotion (e.g., 
controlling one’s temper). Research has suggested 
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that emotion regulation and language ability are 
equally powerful in predicting reticent withdrawal 
scores in children with LI.

The research described has important implica-
tions. Educators, special educators, speech–language 
pathologists, parents, and others who work with 
children with LI should be aware that the social and 
emotional difficulties seen in these children merit 
consideration. As with other aspects of LI, it can be 
expected that a fair amount of variability will be seen 
from one child to the next. It is highly likely, however, 
that a child with LI who also has associated social 
difficulties will not simply outgrow these problems. 
The nature of the social difficulties can be expected 
to change as children make their way through differ-
ing social contexts, however. The social and emotional 
learning of children with LI should be a consideration 
as intervention contexts are considered and treatment 
goals are developed. As children participate in spe-
cific interventions to address socioemotional devel-
opment, it will be critical to modify approaches and 
specific treatment activities to take limitations of lan-
guage comprehension and production into account. 
Ideally, intervention approaches should focus on lan-
guage development and social and emotional learning 
simultaneously. 

Martin Fujiki
Bonnie Brinton

Brigham Young University
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Social	Shaping	of	Infant	
Vocalization
Social shaping of infant vocalizations refers to the pro-
cess by which social responses to vocalizations result 
in an increase in infants’ vocal production, some-
times including more developmentally advanced 
vocalizations. Unlike traditional views of shaping or 
operant conditioning in animal learning, successive 
approximations (i.e., behavior that is similar to the 
goal behavior) of more developmentally advanced 
vocalizations are not the only behaviors reinforced. 
Although vocal precursors can be considered suc-
cessive approximations of more advanced speech-
like sounds, in social shaping of infant vocalizations, 
selective reinforcement of certain sounds is not nec-
essary to observe effects of social feedback. Yet, simi-
lar to reinforcement in animal learning, temporal 
contingency is a key. 

Studies in the late 1950s and 1960s showed 
that infant vocalizations could be conditioned via 
operant reinforcement with social feedback. In a 
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groundbreaking study by H. R. Rheingold, 3-month-
old infants who received contingent social responses 
(touching or smiling) increased their vocal produc-
tion. This study was followed shortly thereafter by a 
study by D. K. Routh and colleagues, in which infants 
in three groups were reinforced for producing con-
sonant sounds, vowel sounds, or any vocalizations. 
Infants differentially increased the type of vocaliza-
tion for which they received reinforcement. These 
studies were a first step toward understanding that 
social feedback could influence infants’ vocal produc-
tion and the phonology of vocalizations. 

A decade later, interesting parallels of social influ-
ences on vocal development emerged in songbirds. 
Research by M. J. West and A. P. King on brown-
headed cowbirds went beyond operant conditioning 
experiments to establish social shaping as a general 
learning mechanism that underlies male vocal devel-
opment. In this species, females do not sing; however, 
they respond to males’ immature songs with a quick 
flick of the wing, termed a wing stroke. Songs that 
receive wing strokes are retained by males in their 
vocal repertoire and have been shown to be effective 
in courtship. Further studies documented that females 
also respond to playbacks of immature males’ vocal 
precursors with wing strokes, similar to caregivers’ 
responses to infants’ babbling observed in humans. 
In addition, studies conducted in large flocks of cow-
birds demonstrated that different patterns of social 
interactions between females and juvenile males led 
to different song-learning strategies in males. These 
studies illustrate that a dynamic communicative sys-
tem—young individuals producing vocal precursors 
and social partners responding to those precursors—
supports vocal development. 

Over the past 10 years, building on the prior his-
tory of social shaping documented in cowbirds, M. 
H. Goldstein and colleagues have conducted parallel 
studies on vocal learning in infants. Goldstein, King, 
and West documented the influences of social feed-
back on the phonology of infant vocalizations through 
a manipulation of caregiver responsiveness, using an 
experimental operant-conditioning design. In this 
design, experimental subjects receive feedback that 
is dependent on their own vocal production, whereas 
control subjects receive feedback that is yoked to the 
vocal production of a different subject—that is, the 
timing and amount of feedback is generated by an 
experimental subject’s behavior and thus indepen-
dent of the control subject’s vocal production.  

Through these studies, Goldstein and colleagues 
have provided evidence of rapid phonological changes 
in infants’ vocalizations after contingent social feed-
back. Infants who received nonvocal social responses, 
such as touches and smiles, contingent on their vocal-
izations (response-dependent) showed a significant 
increase in developmentally advanced vocalizations, 
such as canonical syllables (i.e., vocalizations that 
contain at least one consonant and fully resonant 
vowel with a rapid transition between the consonant 
and vowel nucleus), both during and after the social 
response period. A key finding was that infants who 
received the same amount of feedback, independent 
of their vocalizations, did not show a change in their 
production of canonical syllables. This extended 
vocal-conditioning studies of the 1950s by demon-
strating that contingency of responses, rather than 
overall stimulation, resulted in the observed changes.

Using a similar experimental paradigm, M. H. 
Goldstein and J. S. Schwade manipulated caregiver 
vocal responses to infant babbling to examine how 
caregiver speech plays a role in vocal learning. Simi-
lar to previous studies, contingent social feedback was 
key. Infants who received contingent vocal responses 
to their vocalizations produced vocalizations that 
contained the underlying phonological form, but not 
the phonetic content, of the caregiver vocal response. 
Furthermore, infants in noncontingent control 
groups who received the same amount of feedback 
showed no changes in the acoustic structure of their 
vocalizations. Goldstein and Schwade propose that 
contingent social feedback highlights statistical regu-
larities in mothers’ utterances, which infants use to 
guide their vocal production. Their findings demon-
strate that social shaping is a general developmental 
learning mechanism and is distinct from traditional 
views that posit that imitation is a key mechanism for 
vocal development.

A recent review of 22 experimental studies by C. J. 
Dunst, E. Gorman, and D. W. Hamby indicates that 
contingent responsiveness influences vocal produc-
tion. These studies showed that infants who received 
contingent vocal, verbal, or imitative responses to 
their vocalizations increased the number of vocaliza-
tions they produced. Interestingly, the largest effect 
sizes for changes in vocal production between base-
line and conditioning phases were found in studies 
in which infants received imitative responses; how-
ever, the review did not explore effects of responsive-
ness on phonological changes in infant vocalizations. 
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Nonetheless, given the dynamic interaction between 
infant vocal production and caregiver responsiveness, 
increased vocal output leads to more opportunities 
to receive feedback. Contingent responsiveness may 
result in a positive feedback loop whereby infants 
increase their vocalizations, which increases their 
opportunities for turn taking and interactions that 
enable social shaping. These robust findings across 
studies have implications for potential interventions 
with atypically developing populations. This review 
also highlights the importance of understanding the 
types of caregiver responses that occur during social 
shaping, as they have different informational values.

Observational studies are important to extend 
experimental findings by documenting that social 
feedback to vocal precursors occurs, thereby likely 
functioning in everyday interactions to influence 
vocal development. Studies from naturalistic obser-
vations suggest that contingent responsiveness to 
vocalizations is common. J. Gros-Louis, M. West, 
M. H. Goldstein, and A. P. King found that mothers 
responded contingently to their infants’ vocalizations 
more than 70 percent of the time on average, which 
has been validated in subsequent studies. In addition, 
although experimental studies have shown that social 
feedback to any vocalizations, regardless of acoustic 
structure, results in an increase in more developmen-
tally advanced vocalizations, prior studies have found 
that parents prefer these vocalizations, and they are 
perceptually salient. And, importantly, observational 
studies have documented that more developmentally 
advanced vocalizations are responded to with more 
language-oriented responses, presumably supporting 
speech and language development. 

Studies on social shaping challenge the traditional 
perspective that internal maturational programs and 
imitation guide vocal development. Broadly speak-
ing, in songbirds and human infants, vocal precur-
sors elicit social interaction, and the contingent social 
responses impact vocal development. It is clear that 
social shaping is distinct from operant conditioning, 
but an important question remains: How and why 
does social shaping, or social interaction more gen-
erally, facilitate speech development? Current stud-
ies are aimed at understanding the process of social 
shaping to understand the relationship between 
vocal precursors and the structure of information 
available in the environment for infants to learn. 
Furthermore, as suggested by P. Kuhl in a recent dis-
cussion of her social-gating hypothesis, the challenge 

for future studies is to uncover how social cognitive 
abilities and their underlying brain systems interact 
with basic computational, perceptual, and atten-
tional mechanisms to facilitate language learning in 
social interactions. 

Julie Gros-Louis
University of Iowa

Jennifer Miller
Illinois Institute of Technology
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Socioeconomic	Factors
All typically developing children in typical environ-
ments develop language. Language acquisition is 
inevitable, while language development is variable. 
The inevitability of language acquisition is explained 
by the innate capabilities of the human species that 
makes language acquisition possible. The variability 
of language development can best be explained by 
the role that environment plays in the determination 
of individual differences. Language development is 
shaped by the social context in which children live. 
Socioeconomic status (SES) is included among other 
contextual variables that influence and shape language 
development. The effects of SES on language develop-
ment are robust and considerable. Some of the effects 
of SES have a direct impact on language development, 
while other SES effects are indirect.

SES is a composite variable that includes multiple 
factors. Parents’ education level, occupational pres-
tige, and income level are commonly aggregated and 
function synergistically to create basic conditions of 
life at different echelons of the social order. SES has 
been found to differentially influence the parenting 
behaviors that ultimately affect children’s language 
development as well as have an influence on the lan-
guage environment in which children hear and use 
language.

Lower	Socioeconomic	Status
There has been considerable concern that children 
from lower-SES backgrounds academically under-
achieve, and this underachievement has been attrib-
uted to their linguistic skills being inadequate for 
accessing the curriculum and the language of instruc-
tion. Basil Bernstein, a sociologist from England, pos-
ited a verbal deprivation hypothesis regarding low-
SES children’s language. This hypothesis was both 
influential and controversial as a means for explaining 
educational underachievement. He argued that lan-
guage could be used differently in different contexts 
and labeled these different ways of using language as 
codes (sets of principles that underlie a shared system 
of meaning). Children who come from higher-SES 

backgrounds are said to use elaborated codes that 
are relatively context free and enable one to call on 
universalistic meanings, to be reflective, and therefore 
manipulate ideas. 

Consequently, elaborated language codes permit 
the speaker to establish a shared context with a naïve 
communicative partner. Low-SES children, on the 
other hand, are said to use restricted codes of lan-
guage that limit language users to their immediate, 
specific context. Restricted codes of language are 
only appropriate for use among those with a shared 
understanding and shared assumptions about the 
language topic. Individuals who have developed an 
elaborated code of language can also use a restricted 
code when appropriate. However, language users 
who have developed a restricted code can only use 
a restricted code when communicating with others.

William Labov, an American sociologist, was one 
of the first researchers to be highly critical of this posi-
tion. He argued that children use different language 
registers in different situations, like at home and at 
school. According to Labov, children from low-SES 
backgrounds are highly skilled, imaginative, and com-
municative in the language that they use with each 
other. These characteristics of their language were 
much less evident when they spoke to adults. Labov 
explained that low-SES children’s poor academic 
achievement was due to the asymmetry between how 
children used language with their peers and how they 
used language with adults.

Children’s language development is rooted in the 
interactions they have at home and in other environ-
ments with their parents and significant caregivers. SES 
has been found to affect the types and quality of inter-
actions that parents have with their children. Social 
class differentially affects parents’ sensitivity to their 
children’s needs as well as the cognitive stimulation 
they provide to their children. Both of these factors are 
critical to language development. Research findings 
suggest that differences in language development that 
are related to SES are due to differences in children’s 
language experiences and not just differences in abil-
ity. Primarily, language experience differences reflect 
variation in the richness of maternal speech as well as 
variation in the syntactic complexity of the language 
that children hear.

Higher	Socioeconomic	Status
Higher-SES parents provide greater material, social, 
and human resources to their children, which provides 
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a foundation for language development.They are also 
more likely to provide their children with enriched 
literacy experiences at home, which include greater 
onset, frequency, and duration of shared book read-
ing. In general, the impromptu speech that parents 
use with their children when looking at books is 
syntactically more complex and lexically richer than 
speech in other settings. Children in lower-SES fami-
lies are read to less, and therefore, the SES differences 
in parents’ language are augmented by differences in 
the frequency in which children are engaged in book 
reading activities with their parents.

As compared to lower-SES mothers, higher-SES 
mothers talk more to their children and use language 
more for the elicitation of conversation. Lower-SES 
mothers use language more often for the purpose of 
directing their children’s behavior. The vocabularies 
of higher-SES mothers are richer, and overall, higher-
SES mothers produce more speech than lower-SES 
mothers. Higher-SES mothers also use language more 
to continue topics that their children started and to 
ask questions of their children. Evidence suggests 
that lower-SES parents are less likely to buy reading 
and learning materials for their children, take their 
children to educational and cultural events, and to 
monitor the amount of television that their children 
watch. In addition, low-SES parents are less likely to 
engage their children in language games or use inter-
active communication with their children. Together, 
these findings suggest that SES differences in language 
development are due partly to social class differences 
in the types of linguistic interactions that parents have 
with their children.

Exposure	to	Language	Environments
The language environments to which children are 
exposed also differ according to their SES. High-SES 
children hear approximately 215,000 words per week; 
middle-SES children hear 125,000, while low-SES 
children hear 62,000 words. Additionally, not only 
do high-SES children hear more words per week, but 
they also hear a significantly greater variety of words 
than children from low- or middle-SES backgrounds. 
The types of language feedback children hear also 
vary according to SES. Low-SES children hear approx-
imately 11 prohibitive statements per hour as com-
pared to five for higher-SES children. Higher-SES 
children, on the other hand, hear five times as much 
affirmative feedback from parents and significant 
caregivers as compared to low-SES children.

When compared to higher-SES children, lower-SES 
children have lower language skills overall and shorter 
mean length of utterance (MLU). MLU is a measure of 
structural complexity in language development. It is a 
way of assessing language productivity. A higher MLU is 
taken to mean that the individual’s language is of higher 
proficiency. SES accounts for 42 percent of the variance 
in children’s rate of vocabulary growth at 3 years of age. 
SES differences in vocabulary development are notice-
able from the beginning of speech and language, and 
the differences increase as language develops. By age 3, 
higher-SES children have an average vocabulary size of 
over 1,000 words, while low-SES children have an aver-
age vocabulary size of approximately 500 words. By the 
time children enter kindergarten, there is a 1 standard 
deviation difference between lower- and higher-SES 
children on standardized assessments of oral vocabu-
lary. Low-SES children develop vocabulary at a rate 
four times slower than higher-SES children.

With respect to grammatical or syntactic develop-
ment, higher-SES children produce longer responses 
when prompted by adult speech and produce more 
complex utterances in spontaneous speech at 5 years 
of age. Children from higher-SES score higher on stan-
dardized assessments that include measures of gram-
matical development. They also perform significantly 
better than lower-SES children on assessments of 
productive and receptive syntax at age 6. At 3 years, 9 
months, low-SES children have an MLU that would be 
more typical of a child more than a year younger. Sev-
enty percent of all lower-SES children score below the 
50th percentile on measures of syntactic complexity. 

SES differences are also observed in communicative 
style and skill—the communicative purposes to which 
language are put. Higher-SES children use language 
more to analyze and reflect. They also use language 
more to reason and justify, and to predict and con-
sider alternative possibilities. Evidence suggests that 
lower-SES children are less able to produce appropri-
ately informative utterances or to use the information 
in the language addressed to them to make correct 
choices. Additionally, lower-SES children are less able 
than higher-SES children to communicate meaning 
through language or to draw meaning from the lan-
guage of others.

In summary, the weight of the evidence suggests 
that SES affects language development in many ways. 
As described above, SES has a comprehensive effect 
on language development, affecting all areas including 
vocabulary, grammar, and communication skills. SES 
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also affects the language environment to which indi-
viduals are exposed, ultimately affecting their language 
development. Finally, SES affects the kinds of experi-
ences individuals have that result in differences in the 
ways that language develops. Despite the fact that most 
evidence suggests that there are SES differences in lan-
guage development, some investigations examining 
these effects have found no distinctions among SES 
groups when examining the development of language. 
This contradiction among the outcomes of some 
studies suggests that perhaps the effects of SES on lan-
guage development must be qualified according to the 
descriptions of the language outcomes, according to 
the method by which language and SES was measured, 
and according to the range of SES investigated.

The effects of SES on language development are 
confounded by other variables as well. First, the effects 
of SES may be confounded by minority status. In most 
studies with diverse samples, minorities are overrep-
resented in low-SES groups. Therefore, concluding 
whether the differences found in language develop-
ment are due to SES, to minority status, or to the inter-
action between these two has been close to impossible 
to determine, even though both associations are hypo-
thetically conceivable. Second, the effects of SES on 
language development may also be confounded by the 
contexts in which language is used. When assessed using 
standardized measures, the language skills of low-SES 
children put them at a disadvantage when they are in 
academic environments but not when assessed at home 
or in community settings. In these latter settings, low-
SES children’s communicative competence is adequate.

Dominic F. Gullo
Drexel University
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Sound	Symbolism
One of the traditional hallmarks of human language 
that distinguishes it from most other animal com-
munication systems is its arbitrariness. The sounds 
of words and structure of sentences are presumed to 
bear an arbitrary relationship to their meaning. How-
ever, there are many examples across languages that 
violate the arbitrariness assumption. These nonarbi-
trary associations between sound and meaning have 
been termed sound symbolism. 

Perhaps the most salient example of sound sym-
bolism is onomatopoeia, in which words resemble the 
sounds to which they refer (e.g., meow, beep). There 
are additional within-language conventions that 
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reliably link particular sound sequences with particu-
lar semantic domains. For example, phonesthemes are 
categories of sounds that tend to appear in semanti-
cally related words, such as sn-words relating to the 
nose (e.g., sniff, snort, sneeze, snore) and gl- words 
relating to shine (e.g., gleam, glow, glitter, glint). In 
several languages including Japanese, there is a class 
of words called mimetics that are believed to be partic-
ularly evocative of sensory experience across modali-
ties and are, as a result, commonly used in poetry and 
in child-directed speech. 

There are also sound symbolic cues to grammati-
cal form class. Within a given language, for example, 
certain classes of phonemes tend to be more strongly 
associated with nouns than verbs and vice versa. None 
of these sound-to-meaning correspondences are 
entirely deterministic, of course, but the heightened 
bidirectional conditional probabilities (i.e., likelihood 
of a particular meaning given a particular phoneme 
inventory and of a particular phoneme inventory 
given a particular meaning) certainly challenge the 
arbitrariness principle. 

The classic example of sound symbolism is the 
Maluma/Takete or Bouba/Kiki illustration. Across 
cultures and across development, people reliably asso-
ciate words like Maluma and Bouba with rounded 
contours and words like Takete or Kiki with pointed 
contours. Consistent with this apparent universal 
agreement, there is cross-linguistic sound symbolism. 
That is, speakers of one language are able to select the 
correct meaning of words spoken in another language 
at rates that exceed chance performance. For example, 
native English speakers can reliably guess in a forced-
choice task the meaning of Japanese antonym pairs 
and can distinguish bird names from fish names in 
Huambisa. It appears that common sound-to-mean-
ing correspondences recur across languages and lan-
guage families. That the same sound-to-meaning 
correspondences arose in distinct language families 
raises the possibility that sound symbolism is a result 
of more basic cross-modal mappings that are not spe-
cific to language. 

A growing literature suggests that these sound-to-
meaning correspondences facilitate word learning in 
children. The classic Bouba/Kiki phenomenon extends 
to children as young as 2½ years of age. More recent 
evidence indicates that novel mimetic-like Japanese 
nonsense verbs are easier for children to learn than 
those that lack transparent sound-to-meaning corre-
spondences. This is true for both Japanese-speaking 

children who have previous exposure to mimetics 
and Japanese phonology and for English-speaking 
children to whom Japanese mimetics are wholly unfa-
miliar. These findings suggest that sensitivity to how 
sounds relate to meaning is available from early in 
development and may enable children to bootstrap 
their way into word learning via sound sensitivity. 

Another less studied form of sound-to-meaning 
correspondence that may facilitate language learn-
ing is prosody. Prosodic cues to word boundaries, 
sentence structure, and pragmatics have been well 
established. Most recently there is evidence that both 
adults and children can also recruit prosodic infor-
mation to infer word meaning. This is rather intui-
tive for valence-based tone of voice cues (i.e., words 
with happy/sad or good/bad connotations) but has 
also been established for other antonym pairs such 
as big/small and hot/cold, which do not readily align 
with valence. It is unclear whether this form of sound 
symbolism is governed by the same mechanisms as 
those involved in phonological sound symbolism. To 
the extent that sound-to-meaning correspondences 
are a product of general associations between acous-
tic features of the speech signal and semantic fea-
tures, it is possible that prosodic and phonological 
sound symbolism are indeed examples of the same 
process.

Numerous questions remain to be addressed in this 
rapidly expanding research domain. Which of these 
phenomena is a product of a linguistic as opposed to 
a more general cross-modal perceptual mapping pro-
cess? Is there a predictive relationship between degree 
of sound symbolism in words and age of acquisition? 
The findings thus far also raise questions about how 
languages evolved to either preserve or derive sound 
symbolic correspondences and what functional signifi-
cance they serve now either in the acquisition process in 
children or in lexical retrieval and processing in adults. 

Laura L. Namy
Emory University
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Spatial	Cognition	and	
Language	Development
Space is a fundamental and universal aspect of the 
human experience. Understanding spatial organiza-
tion around us helps us relate to the physical environ-
ment we live in, organize things, and navigate through 
space. From virtually the beginning of life, infants 
explore the spatial world around them, and by the 
end of the first year, they have already developed an 
impressive amount of knowledge about how objects 
physically relate to one another. In language develop-
ment, space is also one of the first semantic domains 
that young children acquire. From the single-word 
stage, children talk about going up and down and 

about putting something in or on another. Early the-
ories of language development claimed that children 
acquire word meanings by mapping preestablished, 
universal cognitive concepts directly onto words. In 
the spatial domain, this implied that children first 
establish spatial concepts, such as containment and 
support, and when they learn words, such as in or on, 
they access their meanings (i.e., semantics) directly 
from the preestablished spatial concepts. 

This theory posited that early-acquired spatial 
semantics would be the same for children learning 
different languages, with word meanings coming 
from a universal set of nonlinguistic concepts. How-
ever, recent studies have revealed that languages differ 
significantly in the ways they categorize space and that 
children use spatial words in language-specific ways 
from the beginning. Furthermore, studies of prever-
bal spatial concepts indicate that infants are perceptu-
ally and conceptually sensitive to a number of spatial 
features, including those at a finer level of detail than 
what their target language may require, which suggests 
that language may guide children to form language-
specific categories from the onset. Thus, the relation 
between infants’ spatial concepts and their acquisition 
of language-specific spatial semantic categorization is 
a dynamic one, and more complex than previously 
thought: Preverbal perceptual and cognitive abilities 
are foundational to acquisition of spatial semantics, 
but language shapes the development of spatial cat-
egories as well. These findings in the spatial domain 
have played an important role in recent debates on 
language and cognition.

During the first year of life, before they start pro-
ducing words, infants explore extensively about 
how objects physically relate to one another in both 
static situations and dynamic events. For example, 
infants examine locational relations between enti-
ties, and by 3 months, they can distinguish between 
above and below as well as left and right. In dynamic 
spatial events, infants explore physical properties of 
a number of types of spatial relation, such as con-
tainment, occlusion, horizontal support, and cover-
ing. For each type, infants explore specific variables 
that help them understand the given relation. For a 
containment event, 3-month-olds already recognize 
that containment involves an opening (for an object 
to go in) and that the object contained moves with 
the container. As for support relation (e.g., cup on the 
table), 5-month-olds can distinguish between situa-
tions in which an object will fall (e.g., in the air) or 
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be supported. And 7-month-olds can calculate how 
much contact is needed for an object to be adequately 
supported by another.

While infants inspect physical properties of vari-
ous types of spatial relations, they also begin to form 
abstract categories of spatial relations. For example, 
at 6 months, infants develop a conceptual category of 
containment independent of object variation, distin-
guishing it categorically from other types of spatial 
relation, such as occlusion (X behind Y). Development 
of conceptual categories of spatial relations occurs 
over time, such that some categories are formed ear-
lier than others.

Early	Theories
In early theories, space was particularly considered to 
be a domain where one could demonstrate preestab-
lished cognitive concepts determining the semantics 
of spatial words. In this framework, early-acquired 
semantic notions were assumed to be universal across 
languages, which implied that language-specific 
meanings would emerge later on. 

Spatial semantics are significantly different across 
languages. That is, languages classify spatial relations 
in different ways for purposes of talking about them. 
In English, spatial relations (of joining action) are 
semantically divided up into two categories: in and 
on. In refers to all events that end up in a contain-
ment relation (e.g., put the apple in the bowl or put 
the jigsaw puzzle piece in its slot), while on refers to all 
noncontainment relations, broadly termed support, 
which includes loose horizontal support (cup on the 
table), attachment (handle on the door), encirclement 
(ring on the finger), and covering (top on the bottle). 
Although this seems like a natural way to divide up 
spatial relations, many languages do not follow it. 
Moreover, languages differ from one another. 

For example, in Tzeltal, a Mayan language, there is 
no all-purpose containment word comparable to in in 
English. Rather, in Tzeltal different spatial words (i.e., 
different semantic categories) are assigned depending 
on the shape (circular versus oblong) and the orienta-
tion (horizontal versus vertical) of the container. In 
Finnish, containment and attachment are grouped 
together in a single semantic category, while horizon-
tal support forms another category.

Spatial semantic categories of one language may 
crosscut another. Take, for example, English and 
Korean, two systems that have been extensively studied 
in recent research. The in category in English includes 

all types of containment regardless of whether the 
object goes tightly (e.g., put the jigsaw puzzle piece 
tightly in its slot) or loosely (e.g., put the apple in 
the bowl) into the container. In contrast, the Korean 
system cares about whether the object fits tightly 
or loosely to the reference object regardless of con-
tainment or support. So, in Korean the spatial word 
kkita, which means put X tightly in or on Y, includes 
both tight-fit containment (e.g., put the puzzle piece 
tightly in its slot) and tight-fit support (e.g., put the 
ring tightly on the finger). Different words are used 
for loose-fit relations.

Timing	of	the	Aquisition	of	Spatial	Words
When do children acquire language-specific mean-
ings of spatial words? Detailed studies of spontane-
ous speech in naturalistic contexts have reported that 
children use spatial terms in language-specific ways 
from the onset of production (14–19 months). Young 
English learners use in for all types of containment 
relation regardless of degree of fit and use on for all 
types of support relation. In contrast, young Korean 
children use kkita for all types of tight-fit relation 
regardless of containment or support and use differ-
ent (and language-appropriate) terms for loose-fit 
relations. Experimental studies systematically testing 
children’s comprehension of the terms (in in Eng-
lish and kkita in Korean) demonstrated that children 
comprehend the spatial terms in language-specific 
ways, at least from 17 months. To test comprehen-
sion of words in young children (1- to 2-year-olds), a 
preferential-looking method is often used: The child 
hears the target word as he or she sees two video 
events side by side on the screen, one that matches 
the word meaning and the other that does not. The 
child’s eye gaze to each video is measured with the 
assumption that the child will look longer at the 
video that matches the target word meaning if he or 
she understands its meaning. To ascertain that com-
prehension is not item specific, several exemplars are 
used in the experiment.

How is it possible for children to acquire language-
specific meanings from the onset? Recent research on 
infant cognition has shown that preverbal infants 
(5–14 months) distinguish a variety of spatial rela-
tions (e.g., tight containment, loose containment, 
loose horizontal support, occlusion, covering, attach-
ment, and encirclement) in a categorical manner. For 
certain types of spatial relations, infants’ sensitiv-
ity may be finer than what the target language may 
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require. For example, preverbal infants distinguish 
between tight containment and loose containment, 
although languages such as English do not distin-
guish them in their grammar. 

In these experiments, familiarization or habitua-
tion methods are typically used. In the former, infants 
first see multiple exemplars of one type of relation 
(e.g., tight containment) with diverse objects one 
after another for a fixed number of trials until they 
are familiarized with the relation. Then, during test 
trials, they see a familiar relation (e.g., tight contain-
ment) and a novel relation (e.g., loose containment) 
side by side on the screen. If infants categorically 
distinguish between the two relations, their look-
ing times to the two relations would be significantly 
different. The habituation method is similar to the 
familiarization method except that infants are shown 
the same relation repeatedly until they are no longer 
interested (e.g., look away out of boredom).

Categorization	Abilities
Infants’ categorization abilities are also flexible. For 
certain spatial relations, they can form either a nar-
row or broad category based on their experience. 
Thus, when they are familiarized or habituated to 
tight containment events only, they can form the nar-
row category of tight containment, but when they 
are familiarized to both tight and loose containment 
events, infants form a broader category that includes 
both tight and loose containment.

Infants’ sensitivity to a variety of spatial features 
and their flexibility would essentially allow them to 
learn spatial semantic categories of any language. As 
infants attend to language-specific input, they can 
form spatial semantic categories by picking or com-
bining relevant features from their repertoire. In this 
way, linguistic input guides acquisition of spatial 
semantics, and it does so from the single-word period.

However, the degree to which language and cog-
nitive abilities contribute to the formation of spatial 
semantic categories may depend on the particular spa-
tial relation. While containment is preverbally a well-
established category such that it may not need linguis-
tic input for its semantic formation, other categories 
may require linguistic guidance. In fact, recent studies 
have shown that the semantic category of on, which 
includes diverse types of support, is formed critically 
by linguistic input. Eighteen-month-olds could form 
a category of support that includes loose horizontal 
support (put the cup on the table), attachment (put 

a Lego piece on another), and encirclement (e.g., put 
the ring on a the pole) when they heard the word on 
during the training (i.e., habituation) phase, but they 
could not form the category when they viewed them 
in silence (i.e., no word during the training phase). 
Similar findings have been reported for the develop-
ment of the tight-fit category that includes both tight 
containment and tight support.

Conceptual	Categories	of	Space
If language guides semantic categorization from an 
early age, does it in turn influence conceptual (i.e., 
nonlinguistic) categories of space? There is evidence 
that, over time, language-specific semantics does 
affect, albeit partially, our conceptual categorizations. 
Recall that preverbal infants (regardless of language 
environment) can distinguish between tight and loose 
containment. A follow-up study with older children 
found that, as they start to produce spatial terms, 
English learners significantly lose their ability to dis-
tinguish between tight and loose containment. (But, 
Korean learners continue to distinguish between the 
two types.) Intriguingly, however, a detailed analysis 
revealed an asymmetry of perceptual and conceptual 
sensitivity for tightness versus looseness in English 
learners: While they were still quite good at detect-
ing the tight-fit feature in a tight containment event, 
they had difficulty detecting the loose-fit feature in 
a loose containment event. The results suggest that 
language-specific semantics influence nonverbal cat-
egorization only partially and that certain features 
continue to be salient at a perceptual/conceptual 
level. A recent study confirmed this partial influence 
of language-specific semantics on spatial cognition 
in adult speakers as well.

Conclusion
In summary, spatial cognition and language develop-
ment interact with each other closely and in complex 
ways: While preverbal cognitive abilities are founda-
tional to development of spatial semantic categories, 
language-specific input shapes them, some categories 
more critically than others. To understand more spe-
cifics of this interaction and possible influence of lan-
guage on spatial cognition, further studies are needed 
that detail developmental patterns of specific catego-
ries and specific languages.

Soonja Choi
San Diego State University
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Specific	Language	
Impairment	(Overview)
This entry provides an overview of specific language 
impairment (SLI), which is a developmental disorder 
of communication that is present from birth. It will 
present an outline of prevalence, characteristics, theo-
ries relating to cause, intervention and development, 
associated outcomes, and a brief mention of SLI’s 
relation to other similar disorders. 

SLI is characterized by persistent language learn-
ing difficulties and slow development of language that 
do not have any other obvious causes. Having SLI is 
not the same as a having a lisp, or a stutter, which are 
articulatory problems. Instead, children with SLI have 
fundamental difficulties storing, retrieving, and using 
parts of language (including sounds, words, sen-
tences, and tenses) in an effective way. They usually 

face challenges in producing language but may also 
struggle to understand the language used by others 
and to sustain conversation.

Most children learn language quickly and effort-
lessly, with communication skills developing in line 
with their age and cognitive or problem-solving skills. 
Children with SLI, on the other hand, are slow at 
reaching early developmental language milestones. 
They often start talking late and may not be able to 
produce 50 to 100 words by the age of 2 years as is 
expected for children of this age. They are usually 
also later than other children to combine two or more 
words together. Therefore, parents and caregivers are 
often the first people to notice the delay and may refer 
their children to medical services at very young ages. 
As they grow older, children with SLI have both spe-
cific difficulties with the linguistic elements in lan-
guage (e.g., in grammatical morphology such as the 
–ed of past-tense verbs or processing complex sen-
tences) and also wider difficulties with storytelling 
and conversation. This entry will outline the preva-
lence of SLI as well as its characteristics and possible 
causes before moving on to describe knowledge about 
intervention and prognosis and the boundaries of SLI 
with other developmental disorders.

Prevalence	and	Diagnosis
SLI is a surprisingly common disorder affecting 
between 5 and 7 percent of the population. Boys are 
around three times more likely to be affected than 
girls. The diagnosis of SLI is currently made using 
exclusionary criteria. For a traditional diagnosis of SLI 
to be given, a functional language impairment must 
be present without an obvious cause such as physical 
impairment, nonverbal learning difficulties, hearing 
impairment, or autism. However in recent years, the 
need for these other causes to be absent has been ques-
tioned. The prevalence of SLI appears to be greater in 
families that already have an affected family member 
and in those families with children with autism. The 
exact diagnostic criteria for SLI differ, and there are 
a number of different definitions in clinical practice 
and research. J. B. Tomblin and colleagues conducted 
research showing that language scores falling below 
1.25 standard deviation (SD) from the normative mean 
(approximately the 10th

 

percentile) were a valid indica-
tor of clinical language impairment, and this level was 
seen henceforth as a gold standard for diagnosis. 

Nevertheless, academics and clinicians often use 
1 SD as a threshold for investigating profiles and 
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prioritizing resources, but when this less strict level is 
used, children’s performance is usually required to fall 
below the threshold on a wider range of language mea-
sures. More controversially, the level of nonverbal IQ 
(NVIQ) needed for a diagnosis of SLI is usually defined 
in research as 85 points (1 SD) or higher, while United 
Kingdom educational practice as well as the fourth edi-
tion of the Diagnostic and Statistical Manual of Mental 
Health Disorders (DSM-IV) both deem a score below 
70 (2 SD), rather than below 85, to indicate more 
global learning difficulties. There have also been ques-
tions raised regarding the use of such thresholds, for 
example, whether children with NVIQs of 86 and lan-
guage scores of 84 really have SLI and whether children 
with NVIQs of 110 and language scores of 90 should be 
described as having a primary language impairment, 
even though both scores fall within the normal range. 

There are no clear answers to these questions at 
present, thus discrepancy or difference measures are 
sometimes used, with children showing a significant 
difference between IQ and language performance. 
Some research has also discussed the usefulness of 
nonverbal IQ in the diagnosis of SLI, both because 
IQs in children with SLI appear to be rather unstable 
over time and because children with higher and lower 
NVIQs might have very similar clinical and educa-
tional needs. Nevertheless, children with SLI always 
present with language as the primary area of need and 
are generally expected to have good nonverbal com-
munication and a desire to communicate.

It is worth noting that although SLI is the prevail-
ing terminology used in current research and educa-
tional settings, there are a number of other terms used 
to describe the same or similar disorders. The psychi-
atric diagnostic manuals, for example, use the terms 
developmental language disorder (DSM–IV, American 
Psychiatric Association) and expressive developmental 
language disorder and receptive developmental language 
disorder (International Statistical Classification of 
Diseases and Related Health Problems, World Health 
Organization), and others may use the term develop-
mental language impairment or speech language and 
communication needs (SLCN).

Language	Characteristics	of	Children	With	SLI
As outlined, children with SLI are late to start talking, 
but not all so-called late talkers are children with SLI. 
There are many children who are delayed in learning 
to talk who subsequently develop age-appropriate 
language skills (although later literacy skills might 

be affected in this group). Other children may have 
learned language and then experience trauma, illness, 
or psychiatric conditions that lead to an acquired loss 
of some or all of their language skills. Neither of these 
groups fit the developmental pattern of SLI, which 
appears to be a much more persistent and develop-
mental difficulty. Some children have speech–sound 
disorders that affect their perception and pronuncia-
tion of certain sounds to a more extreme degree than 
a simple delay. Although some children show only 
this type of difficulty, these phonological issues are 
often seen in combination with SLI and may persist 
throughout the school years. Auditory processing def-
icits are also sometimes referred to in relation to SLI, 
but neither of these will be the focus here.

There have been a number of attempts to identify 
some positive clinical markers (or unique character-
istics) for SLI, and these are linked to the theories 
described in the next section. One of these is what 
appears to be a particular difficulty with syntactic or 
grammatical forms. The majority of children with 
SLI learning English seem to have particular difficulty 
with verb morphology. Thus, failure to mark tense 
accurately, make appropriate subject–verb agreement, 
or use auxiliaries are all areas of difficulty for children 
with SLI learning English. These grammatical diffi-
culties are more marked than errors seen in children 
with hearing impairment, suggesting that this limit 
in syntactic ability is not caused by simple percep-
tual deficit. Correct use of the past tense in English 
appears to be especially difficult for children with SLI. 
They may overgeneralize much later than peers (e.g., 
he catched the ball) or zero mark the tense, using only 
the infinitive form (e.g., She swim in the lake yesterday 
or Last week, Dad cook the dinner). 

Another area that has been of much interest 
recently is verbal repetition. One task, referred to as 
nonword repetition, in which children are asked to 
repeat a series of nonsense words of varying length 
such as blonterstaping has proved particularly prom-
ising in the identification of language difficulty (but, 
note, not uniquely SLI). Research consistently has 
found nonword repetition ability to associate with 
language-learning skill in children learning most lan-
guages (with Cantonese being a notable exception). 
This task, although experimental in nature, directly 
reflects skills that infants require when learning lan-
guage. Nonword repetition and a similar task, sen-
tence repetition, are also reliably impaired in chil-
dren with SLI (as well as other groups with language 
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difficulties), particularly when longer words are used. 
Children with SLI perform this task even more poorly 
than much younger children with the same level of 
language. This finding has led to suggestions that a 
deficit in phonological short-term memory may be 
one key underlying cause of SLI. 

Interestingly, when both past-tense formation 
and nonword repetition tasks have been tested to see 
which best predicts language difficulties, both appear 
to make equal contributions, but explain slightly dif-
ferent aspects of the difficulties seen in SLI. Thus, in 
practice, both these skills might be usefully addressed 
in assessment and intervention. 

Many children with SLI also have semantic or 
pragmatic language difficulties, which involve word 
finding, grasping meanings, and drawing appropriate 
inferences. Children who are challenged by pragmatic 
language may use inappropriate styles of communica-
tion, remain too long on one topic, or show poor turn 
taking and conversational skills. Indeed, these other 
areas of difficulty might contribute to the syntactic 
impairments often seen, and conversely, syntactic dif-
ficulties may lead to pragmatic inaccuracy. Some use-
ful checklists and tools are now available that help to 
identify children for whom pragmatic difficulties are 
the primary area of concern.

The identification of children with SLI using the cri-
teria described above is sometimes more difficult when 
children have experienced deprivation (e.g., due to pov-
erty), are learning English as a second language, when 
there are other difficulties, such as a hearing impair-
ment, which mask an additional language-learning 
problem, or when children are very young. Traditional 
diagnoses of SLI require these other factors to be absent 
because they are potential causes of language delay. 
However, in actuality, some children present with a 
complex array of needs. While all of these groups may 
show poorer performance on static language tests even 
when language-learning skills are typical, they might 
also experience language-processing difficulties in 
addition to their environmental or perceptual limita-
tions. Dynamic assessments that follow a Vygotskian 
model of assessing learning potential are increasingly 
being used, and evidence suggests that they may aid 
this differential identification and assessment process.

Subgroups	Within	SLI
Children with SLI show some universal characteristics 
but, at the same time, can show very different profiles. 
Thus, not all children with SLI are the same, and instead, 

SLI is used as an umbrella term for a number of dif-
ferent clinical types and pathways, all of which present 
with language as the primary concern. Although sev-
eral different classification systems have been devised 
and reported in the research literature, documenting at 
least three to five different subtypes of SLI, these finer 
categories have not been adopted in clinical practice, 
and a good deal of debate still surrounds the best way 
to describe particular presentations of SLI. However, 
classifications that have endured and are widely used 
in practice are the terms expressive (involving produc-
tion or output) and receptive (involving comprehen-
sion or understanding) difficulties. The majority of 
children with SLI will have expressive difficulties as 
well as receptive difficulties (expressive receptive SLI), 
but expressive difficulties are sometimes observed in 
isolation and in the presence of good comprehension 
skills (expressive–SLI). A systematic review of the lit-
erature by J. Law and colleagues established that inter-
vention is more successful and available for children 
in the expressive–SLI group, with receptive language 
difficulties proving more difficult to ameliorate. As 
highlighted earlier, for some children, their primary 
difficulty appears to concern the functional or prag-
matic use of language more than expected from their 
linguistic problems. These are children for whom con-
versational skills and social uses of language are most 
prominently affected. Some clinicians and research 
studies refer to these children as having pragmatic lan-
guage impairment or semantic–pragmatic disorder; 
others view these children as falling within the criteria 
for autism spectrum disorders (ASD). Acknowledging 
that there are different subtypes within SLI has been 
useful to some extent and may in the future facilitate 
more refined service provision and information about 
prognosis, but further work is needed to investigate 
what these categories mean over developmental time.

Theories	About	the	Causes	of	SLI
In recent years, research into the possible causes of SLI 
has focused on both environmental causes, including 
deprivation and social disadvantage, and at the other 
end of the nature–nurture spectrum, on genetic and 
cognitive causalities. It has been established that SLI 
often runs in families, and the latest investigations 
have had some success in isolating particular chro-
mosomes that seem involved in language heritabil-
ity. Thus, a large body of evidence is being gathered 
that supports the role of genes in the etiology of SLI. 
However, it must be acknowledged that the genetic 
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basis of the disorder is likely to be complex, and we 
are some way off from being able to use this genetic 
information in a clinical way. In parallel to this line of 
research, there has also been more interest in the way 
that social environments and practices pass through 
families with important, recent investigations into 
early childhood disadvantage revealing an increase in 
patterns of language impairment in these groups that 
can also be described as SLI. Thus, there are likely to 
be interactions between environmental and genetic or 
biological factors in the expression of SLI, which is yet 
to be fully understood. 

Many theories of SLI have developed over the 
years, each with their own specific features and 
details, but most can be categorized as falling into two 
main groups: domain-specific linguistic theories and 
domain-general processing theories. Linguistic theo-
ries of SLI sometimes assume that language and lan-
guage structures are innate and independent. A gram-
mar module is sometimes described in these theories 
as being a neurodevelopmental feature. In general 
terms, processing theories of SLI take a more inter-
actionist stance in which language develops dynami-
cally in interaction with external stimuli and in equal 
relation to other systems such as cognition. In recent 
times, the boundaries between these theoretical views 
have softened somewhat, with a general shift toward a 
processing approach.

Linguistic theories of SLI are often influenced 
directly by the theoretical framework of Noam 
Chomsky and describe SLI in terms of deficits in, or 
immaturity of, innate grammar modules. In recent 
interpretations of these theories, innate does not 
imply necessarily that syntax is available from birth 
but rather that its development is universal and hard-
wired. Children with SLI are thought to develop spe-
cific impairments within this grammar system, largely 
leaving other cognitive functions intact. There is a 
reasonable body of evidence supporting these theo-
ries, at least in part: The fact that children with SLI 
appear to have special problems with morphosyntax, 
whereby syntactic morphemes are omitted at a rate 
greater than predicted by their mean length of utter-
ance (MLU), is a key element of this research base. 

For English, other descriptions of SLI based on lin-
guistic theory view the central cause as involving tense 
or tense/agreement formation, excessive flexibility 
in the use of morphological and syntactic forms, or 
problems with thematic roles that extend after the 
developmental age when these issues are expected to 

have been resolved. Linguistic theories of SLI have the 
benefit of being extremely detailed; they have facili-
tated explanations as to why language appears dis-
proportionately affected in these children, but have 
lacked a focus on developmental pathways.

In contrast, other researchers and professionals 
have adopted a processing view of language acqui-
sition and SLI. This perspective suggests that the 
observed deficits in grammar stem from difficulties 
in processing abilities that extend beyond syntax and 
morphology. These include the lexical (word-based) 
and semantic difficulties often seen in children with 
SLI as well as problems in understanding sentences, 
retelling stories, and creating narratives. Remember-
ing and storing verbal information also seems to pres-
ent a challenge over and above that expected for lan-
guage age. Some earlier theories even suggested that 
phonological short-term memory could be the pri-
mary underlying deficit; however, it has since become 
clear that this is also not a sufficient cause of SLI. 

Other processing approaches implicate general 
working-memory deficits, slower overall processing, 
or auditory perception impairments in SLI. Recently, 
M. Ullman and colleagues proposed the procedural 
deficit hypothesis that longer-term procedural mem-
ory may be a key mechanism underlying SLI. This 
theory has received considerable interest, and there 
is some emerging evidence to support it, but further 
work is needed. Computational modeling techniques 
have also been applied successfully to language learn-
ing and disorders, and there is some indication from 
these models that language difficulties might develop 
in direct interaction with other systems. However, on 
occasion, they are overly vague and struggle to explain 
why more generalized cognitive impairment is not the 
primary concern. A neuro-constructivist approach 
has emerged alongside both the domain-specific and 
domain-general research, which posits the develop-
ment of modular structures, including language, 
from a more domain-general developmental path-
way. This combinatory and developmental approach 
has received a good deal of positive comment, but to 
date, it has not led to a markedly clearer picture of the 
causes of SLI.

It is important to note that thinking about the 
theoretical stance behind SLI is not merely aca-
demic—therapists, educators, and parents who 
assume differing causes of SLI, either consciously or 
more implicitly, are likely to adopt different strategies 
and therapies. For example, a professional working 
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from a domain-general perspective is more likely to 
incorporate memory and other cognitive skills into 
intervention targets, while someone working from 
a domain-specific viewpoint might choose to focus 
more centrally on linguistic form. In the same way, 
the awareness of the wider difficulties in SLI, and the 
nonlinguistic theories outlined here, have led some 
people to question the use of the term specific in SLI. 
Increasingly, health services and researchers may refer 
to the same children once deemed as having SLI as 
having primary language impairment or SLCN.

The	Intervention	and	Development	of	SLI
There is no universally agreed intervention for spe-
cific language impairment. Children with difficulties 
learning to talk or understand will usually be referred 
to a speech–language therapist (speech–language 
pathologist) at preschool age via a medical doctor, 
child development team, or nursery staff. Occasion-
ally, parents directly self-refer or employ a private 
therapist. After an initial assessment, the child may be 
offered intervention consisting of individual therapy 
sessions, group sessions, or consultative input for par-
ents and teachers. The amount of intervention offered 
varies widely and may be offered in a health clinic or 
within an educational setting. It often takes the form 
of a weekly, hour-long session in a course of therapy 
lasting 6 to 10 weeks. Law and colleagues undertook 
a systematic review of the evidence into the different 
interventions for SLI as mentioned previously. They 
found that the evidence base was limited, with the 
existing studies showing only minor changes in lan-
guage ability, mostly in the area of expressive language 
impairments, which responded best to direct therapy. 
Receptive language impairments were reported as 
being difficult to treat and needing a more holistic 
family- and school-based approach than expressive 
impairments. Likewise, pragmatic language impair-
ments were generally found to be difficult to amelio-
rate, although some recent studies showed promising 
intervention effects.

Since the Law report, there have been further stud-
ies suggesting that language therapy in general terms 
is beneficial for many children. Notably a randomized 
controlled study by J. Broomfield and B. Dodd found 
improvements in expressive and receptive difficulties 
for those receiving speech and language therapy rela-
tive to those on a waiting list. However, this study did 
not investigate or manipulate the exact nature of the 
therapy being given. Despite other investigations into 

specific language therapies, the best type of interven-
tion for SLI has not yet been established, and for many 
individuals, social support, communication strate-
gies, and management of the difficulties experienced 
may be the most effective forms of intervention.

For school-aged children, educationally based 
intervention is most common. Children with SLI may 
attend a school with a language resource base, which 
employs a speech–language therapist and a specialist 
teacher, or in rarer cases attend a special school or resi-
dential school for children with language impairments. 
More places are available at these specialist bases for 
younger children (less than 12 years old) than older 
children. Other children may attend regular classes 
but have the support of a learning assistant (usually 
not specifically trained in speech and language disor-
ders) or have intervention sessions given by a speech–
language professional who visits within their regular 
school day. There is an increasing trend for speech–
language intervention to be given via a consultative 
model, whereby teachers receive training and advice 
about how to adapt the curriculum for young people 
with SLI. However, there is some suggestion that deliv-
ering intervention outside of specialist speech–lan-
guage services (e.g., delivering therapy via teaching 
assistants) is not as effective. In some countries, young 
people with SLI will have a statement of educational 
needs specifying and guaranteeing some of the sup-
port described above, but even then, this extra help is 
highly variable, and some young people receive little or 
no educational support in their teenage years. It is not 
unusual for schools and colleges to have an established 
support system for dyslexia but be completely unaware 
of adolescent language impairments.

For many people with SLI, support may also be 
needed beyond the school years. However, there is 
very little service provision for young adults with 
developmental disorders. Part of the reason for this 
may be that research into the lifelong effects of SLI is 
relatively recent. The emerging picture from a num-
ber of longitudinal studies is one that suggests around 
half the preschool children identified with SLI will 
continue to have some impairment long term and 
into adulthood. This does not mean that language 
and communications skills do not develop over time. 
A good deal of improvement may be seen with age, 
and the language profiles of individual children may 
change. Language difficulties may also become less 
noticeable because of improvement, strategy use, 
and the accommodation of behavior to get around 
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the difficulty (i.e., not putting oneself into situations 
where language is needed). Nevertheless, there are 
potentially wider outcomes linked to SLI as individu-
als develop.

Associated	Nonlanguage	Difficulties		
and	Outcomes	of	SLI
There is a large body of evidence showing that, 
despite a desire to socialize, many children with SLI 
are more withdrawn than their peers and find social 
situations and relationships difficult. They may also 
experience more victimization from other children. 
However, these social outcomes vary enormously 
across the clinical group, and many children with 
SLI enjoy the fulfilling social life of their peers. This 
trend continues as the young people grow older—
many people with SLI report having a good quality 
of life and are able to find employment and to enjoy 
long-term relationships. However, for a significant 
minority (around 40 percent) developing friend-
ships, gaining work, and living independently will 
present more of a challenge. As well as social out-
comes, depression, anxiety, and other psychiatric 
difficulties have also been noted as more prevalent 
in children with SLI. A small but significant percent-
age of individuals go on to develop autistic features. 
Persistent language impairment has also been asso-
ciated with poorer reading and school progress. This 
may take the form of an additional dyslexic profile 
or difficulties with reading comprehension. Young 
people with SLI frequently have difficulties with per-
forming academic assessments under timed condi-
tions (as in many state examinations). 

In addition to showing wider outcomes that are 
possibly a result of SLI, children with the disorder are 
reported increasingly as having a number of complex 
and sometimes subtle difficulties outside of those 
seen in relation to word learning, language struc-
ture, or pragmatics. One such area, which has been 
of much interest, has been that of nonverbal, short-
term memory. Given that SLI is deemed to be a disor-
der specific to language, tasks that require more gen-
eral nonverbal memory are surprisingly challenging 
for children diagnosed as having SLI. That is, even 
when no verbal input or output is required, children 
with SLI perform more poorly than peers of the same 
age on short-term memory tasks that require stor-
ing information temporarily, as well as on requiring 
mental strategy, problem solving, or manipulating 
complicated information in one’s head (e.g., mental 

arithmetic). Indeed, in young people with SLI as a 
whole, general nonverbal cognitive skills (IQ) also 
appear to be affected over time. Thus, children who 
are identified with typical cognitive processes in early 
childhood may be cognitively behind their peers by 
the teenage years. Finally, although some of the social 
challenges described above may result from having 
SLI, there may also be elements of social skill that are 
affected alongside language as an inherent part of SLI 
in some children.

Overlap	With	Other	Developmental	Disorders
It is worth mentioning here that, because SLI is a 
behaviorally defined disorder, which may also change 
with time, there are ongoing debates and evidence-
gathering regarding how and why it overlaps with 
other disorders. The most prominent of these discus-
sions concerns the overlap of SLI with autism spec-
trum disorders (ASD)—whether these are two distinct 
disorders, whether they form a continuum, or whether 
ASD is in fact SLI plus other features (i.e., SLI is a sub-
group of ASD). On the one hand, there is some evi-
dence of cognitive, communicative, and genetic rela-
tionships between the two. On the other hand, there 
are a number of developmental characteristics that 
separate the two groups. For example, unlike children 
with ASD, children with SLI do not show difficulties 
with social relationships at a young age, usually have 
no difficulty on theory of mind or perspective taking 
tasks, and do not have rigid or obsessive behaviors. 
Thus, their nonverbal communication tends to be 
notably better than their actual language. Children 
with ASD in contrast do not tend to have ongoing 
difficulties with phonology and often have no prob-
lems with communicating via written modalities. 
Furthermore, their language difficulties may be qual-
itatively different to those seen in SLI. D. Williams, 
N. Botting, and J. Boucher present a discussion of 
the evidence for and against the view that SLI and 
ASD are overlapping conditions. The other key area 
in which overlap has been investigated is between SLI 
and dyslexia, or reading difficulty. Children with SLI 
often have marked difficulties with reading, and chil-
dren first identified as dyslexic often have associated 
spoken-language difficulties; this overlap makes clear 
identification of SLI difficult.

Useful	Contacts	Regarding	SLI
Useful contacts on the subject of specific language 
impairment include the Royal College of Speech and 
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Language Therapists, RCSLT, 2, White Hart Yard, 
London, SE1 1NX, UK, Tel: +44 (0)20 7378 1200, 
www.rcslt.org; and the American Speech–Language–
Hearing Association (ASHA) National Office, 2200 
Research Boulevard, Rockville, MD, 20850-3289, Tel: 
+1 301-296-5700, www.asha.org.

Nicola Botting
City University of London
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Speech	Acts
The expression and comprehension of communi-
cative intent is central to everyday linguistic inter-
action. Language is a tool—a way of getting things 
done with words—as highlighted in the influential 
work of J. L. Austin. However, despite its centrality, 
the coding and formal identification of communica-
tive intent is elusive, partly as a consequence of its 
multidimensional nature and also due to the range 
of politeness conventions found in varying forms 
across the world’s languages, which can obscure 
the core intent behind some linguistic productions. 
The problematic nature of ascribing communica-
tive intent to linguistic productions is exacerbated 
when attempted on the speech, signs, and gestures 
of young children. Nevertheless, a clear picture of 
children’s ability to use and comprehend commu-
nicative intent is essential both in order to account 
for the process of language acquisition and also in 
the identification of a range of language disorders. 
Speech act theory provides a useful point of orienta-
tion for the study of communicative intent and has 
been used to describe and account for both prelin-
guistic development and a range of stages within the 
linguistic phase of development. Speech act analysis 
has been used to analyze language development from 
a range of perspectives: in terms of intent alone (i.e., 
the order of emergence of different communicative 
acts), the relationship between intent and form (i.e., 
lexical items and grammatical constructions), and 
the interaction between the linguistic input available 
to the child and the acquisition of both speech acts 
and associated grammatical forms.

Speech	Acts	Defined
The origins of speech act theory can be traced back to 
J. L. Austin and his former student J. Searle. In reac-
tion to the dominance of the logical positivism of the 
day, Austin and Searle highlighted the fact that many 
utterances produced in everyday interaction could 
not be described in terms of truth-conditional prop-
erties, but instead performed specific acts, and that 
their appropriateness of use was not determined by 
abstract logical properties, but instead by the extent 
to which specific speech acts, were appropriately 
used within particular circumstances. Speech acts 
are claimed to consist of three components, or fac-
ets, which in adult linguistic interaction, are produced 
simultaneously in each linguistic production:
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1. The locutionary act is the production of the 
utterance that is a gesture, word, or gram-
matical construction (either spoken or writ-
ten).

2. The illocutionary act is the speaker’s intent 
in producing the locutionary act, for exam-
ple, ordering, promising, or warning.

3. The perlocutionary act is the outcome of 
the locutionary act that is the effect of the 
linguistic production on the hearer.

 
While the acts described were originally specific to 

the linguistic domain, the components provide a use-
ful framework for studying the shift from prelinguis-
tic to linguistic interaction. For example, one of the 
earliest intentional behaviors attested in infants is the 
request for help or, put another way, the demand for 
objects and help with particular actions and require-
ments above and beyond their ability or control. Pre-
intentionally, a baby’s cry may have a perlocutionary 
effect such that the caregiver responds by helping 
the infant in some way or another (giving the infant 
milk, dressing the infant, or passing over a toy or paci-
fier). At the onset of intentional behavior (around the 
age of 10 months), the infant displays signs of illo-
cutionary acts, that is, intentions that are expressed 
in terms of prelinguistic vocalisation, gesture, and in 
many cases eye gaze to the object and caregiver. These 
intentional behaviors act as cues with regard to the 
perlocutionary act (i.e., the effect of the intentional 
behaviors on the caregiver). Language development 
then consists of developments within the locutionary 
act (i.e., the transition from prelinguistic gesture to 
single-word and multi-word constructions) but also 
within the repertoire of illocutionary acts. That is, 
language development involves more than the acqui-
sition of form but also of function and, in the spirit of 
the current entry, speech acts.

A variety of speech act taxonomies have been cre-
ated since the work of Austin and Searle, but most if 
not all are based to some extent on the five major cat-
egories of speech acts presented below:

1. Representatives: for example, assertions, 
claims, and statements. It is warm today.

2. Directives: for example, commands and 
requests. Pass me the salt, please.

3. Commissives: for example, promises, 
offers, and threats. I will do the shopping this 
afternoon.

4. Expressives: for example, thanking, praising, 
and blaming. Many thanks for the kind words.

5. Declaratives: for example, official conventional 
acts. I name this ship the Scarlett Rose.

As indicated by the terms following each example, 
these basic categories can be broken down into a 
range of more fine-grained categories. Indeed, when 
analyzing the communicative intents of infants and 
young children, this is a necessity.

The value of a speech-act approach to the descrip-
tion and explanation of the shift from prelinguistic 
to linguistic development in children has been well 
documented over the years. Prelinguistic research 
has focussed mostly on two proto-speech acts: the 
proto-imperative (an infant’s request for help from 
the caregiver) and the proto-declarative (an infant’s 
bid to draw the attention of the caregiver to an object 
or event). Research on these early intentional behav-
iors highlighted the use of gesture, vocalization, and 
eye gaze to express the illocutionary acts as well as 
the gradual transition to the production of linguistic 
forms in order to achieve the same perlocutionary 
effect. These studies therefore support the notion of 
intentional behaviors, namely, the expression of speech 
acts, prior to the emergence of linguistic forms (either 
spoken or signed) as well as the continuity between the 
prelinguistic and linguistic stages of communication.

Research	Into	Speech	Acts
The emergence and development of speech acts in the 
language of young children is an under-researched 
area, and generalizations relating to key milestones 
have been difficult to identify due to the range of cri-
teria and speech-act taxonomies used by language 
researchers. However, a number of studies conducted 
in the 1970s highlighted the value of viewing children’s 
early single-word utterances in terms of speech acts as 
opposed to focusing on their surface and underlying 
structural features. Over the years, the status of one-
word utterances has been a source of debate. Some 
researchers claim that one-word utterances (e.g., 
milk in the context of an infant requesting a drink of 
milk) are holophrases, that is, one-word utterances 
that represent a sentence at a deeper level of syntactic 
representation. The theoretical underpinnings of this 
approach stem from the idea that children possess an 
innate knowledge of linguistic structure and conse-
quently an understanding of sentences prior to their 
production. 
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Seminal work by John Dore suggested that single-
word utterances were most appropriately categorized 
in terms of their illocutionary force and coined the 
term primitive speech act (PSA) in order to represent 
one-word utterances. Therefore, the one-word utter-
ance milk would be categorized as a requesting PSA; 
language development then involves the grammati-
calization of the one-word utterance in line with the 
syntactic and semantic features of the target language 
(e.g., I want milk or, later, Please, may I have some milk). 
Subsequent research has highlighted the close rela-
tionship between one-word utterances in early child 
language and the use of the structures in adult speech 
when considered in terms of function. That is, there 
is evidence to suggest that young children use single-
word utterances in a similar way to their caregivers.

Speech-act research has been greatly facilitated in 
recent years by the pioneering work of Anat Ninio 
and Polly Wheeler and the creation of the Inventory 
of Communicative Acts (INCA). INCA is a coding 
system that affords both the systematic and reliable 
analysis of speech acts and the communicative and 
discourse interchanges within which speech acts 
are embedded (e.g., the discussion of joint focus 
and the negotiation of activities). A range of stud-
ies using INCA have provided clear evidence of the 
gradual emergence of speech acts over time. The 
earliest speech acts to emerge can best be viewed as 
communicative bids to attain intersubjectivity, that 
is, a sense of togetherness between infant and hearer.
Statements, markings, and repetitions are among the 
earliest pragmatically rich speech acts to emerge and 
can be found in the verbal interactions of 14-month-
old infants. Over the coming months, levels of intel-
ligibility increase as does children’s speech-act rep-
ertoires. By 32 months of age, children can express 
a wide range of speech acts, for example, directives, 
yes/no questions, and answers to questions.

However, while children may produce utterances (or 
locutionary acts) that can be interpreted as expressing 
adultlike illocutionary acts, there is also evidence from 
the comprehension literature to suggest that children’s 
early speech acts do not have the same representational 
complexity as adults’. For example, while 2-year-olds 
children appear able to comprehend indirect speech 
acts of the type Can you close the door?—which is not 
a question relating to the child’s actual ability to close 
the door, but rather a polite request for action—it is 
probable that they do not represent nor comprehend 
indirect speech acts in same way as adults, but instead 

base their interpretation on the context and the expres-
sion’s frequency of use in the input. Indeed, studies 
indicate that it is only at around the age of 5 years 
that children become aware that indirect speech acts 
may have more than one interpretation. There is evi-
dence to suggest that this relationship holds not only 
for indirect speech acts but also for core speech acts 
such as assertions, which appear to be early emerging 
in young children’s speech-act repertoires.

The development and emergence of speech acts 
continues into the middle years of childhood. Prom-
ises, for example, emerge around the age of 3 but 
continue to develop in terms of their representational 
complexity up until the age of 10 or 11. Thus, young 
children may produce utterances such as I promise 
to, but only by the age of 5 do they understand that 
promises involve sincerity conditions, and only by 
the age of 11 do they understand that the interlocutor 
should want the activity associated with the prom-
ise to occur. Similarly, if p then q conditionals (e.g., 
If it rains, the laundry will get wet) also emerge rela-
tively late, and adultlike understanding and use only 
develop at around age 8.

 
Thea Cameron-Faulkner
University of Manchester

See	Also:	Conversational Implicature; Discourse-
Pragmatics; Gestures in Communicative Development 
(Overview); Imitation in Communicative Development; 
Nonliteral Language Use; Pointing; Pragmatic 
Development; Speech Prosody; Syntax, Complex.

Further	Readings
Austin, J. L. How to Do Things With Words. Oxford, UK: 

Oxford University Press, 1962.
Bernicot, J. and V. Lavel. “Speech Acts in Children: The 

Example of Promises.” In Experimental Pragmatics, 
Ira Noveck and Dan Sperber, eds. Basingstoke, UK: 
Palgrave, 2004.

Dore, John. “Holophrases, Speech Acts and Language 
Universals.” Journal of Child Language, v.2/1 (1975).

Greenfield, Patricia Marks and Joshua H. Smith. The 
Structure of Communication in Early Language 
Development. New York: Academic Press, 1976.

Ninio, A. “The Relation of Children’s Single Word 
Utterances to Single Word Utterances in the Input.” 
Journal of Child Language, v.19 (1992).

Ninio, A. and C. E. Snow. Pragmatic Development. Boulder, 
CO: Westview Press, 1996.



576 Speech Perception and Categorization

Ninio, A. and P. Wheeler. “A Manual for Classifying Verbal 
Communicative Acts in Mother–Infant Interaction.” 
Working Papers in Developmental Psychology, No. 
1. Jerusalem. The Martin and Vivian Levin Center, 
Hebrew University, v.3 (1984). (Reprinted as Transcript 
Analysis, 1986)

Searle, J. “A Classification of Illocutionary Acts.” Language 
in Society, v.5 (1976).

Snow, C. E., B. A. Pan, A. Imbens-Bailey, and J. 
Herman. “Learning How to Say What One Means: 
A Longitudinal Study of Children’s Speech Act Use.” 
Social Development, v.5 (1996).

Speech	Perception	and	
Categorization
Languages differ in the phonological and phonetic 
distinctions used to contrast words. For example, Jap-
anese does not distinguish / / and /l/, while English 
does; and Greenlandic has only three vowels, while 
Dutch distinguishes 16. Even if languages superficially 
have the same phonological categories, their acoustic 
and articulatory instantiation may differ. For exam-
ple, Hungarian /b/ and /p/ are pre-voiced and unaspi-
rated (respectively), whereas English /b/ and /p/ are 
unaspirated and aspirated. 

As a result of this variation, infants and children 
must tune their speech-perception abilities to the 
acoustic cues and phonological distinctions used in 
their native language. This development is strongly 
intertwined with the acquisition of phonological cat-
egories. Much research on this has focused on infancy 
(0–18 months) and led to the implicit consensus that 
speech perception is largely acquired by the end of 
this period. However, a smaller body of work on older 
children suggests ongoing development throughout 
childhood. These lines of research have been con-
ducted largely in parallel due to their substantially 
different methods, but there are important develop-
mental continuities.

Infant	Speech	Perception
Research on infant speech perception took off with 
Peter Eimas, Einar Siqueland, Peter Jusczyk, and 
James Vigorito’s 1971 paper on infants’ discrimina-
tion of voicing (/b/ versus /p/). They showed that 
1- and 4-month-olds discriminate speech sounds 

crossing the English /b–p/ boundary but not sounds 
with the same physical distance that did not cross this 
boundary. This correspondence with adult categori-
zation suggested that it was feasible to study speech 
categories in early infancy and that young infants may 
be tuning into the sound structure of their language. 
The early age of this ability also highlighted an inter-
esting developmental problem as infants’ perceptual 
abilities preceded both speech production and word 
knowledge, which had been thought to guide phono-
logical development. The flurry of studies that fol-
lowed cemented speech perception as an important 
domain within language-acquisition research.

Measuring	Speech	Perception	in	Infants
The challenge of studying infant speech perception is 
eliciting a behavioral response that indicates how they 
discriminate or categorize speech sounds. Eimas’s 
study built on pioneering work by Lewis Lipsitt and 
Einar Siqueland showing that infants can learn to 
suck a pacifier at an appropriate pressure to hear an 
auditory stimulus (high-amplitude sucking). Eimas 
and colleagues combined this with habituation such 
that, as infants’ interest waned with repeated expo-
sure, sucking decreased (they habituated). 

At this point, a new sound could be presented, and 
if sucking returned, infants must have noticed the 
change. Most later paradigms follow a similar logic: 
Infants are habituated (attention must decrease to a 
preset criterion) or familiarized (for a fixed amount 
of exposure) to one type of stimulus, and discrimi-
nation is inferred from increased interest in a novel 
stimulus. In the head-turn preference procedure, 
infants learn to look at a blinking light on one or the 
other side of a testing booth in order to receive an 
auditory stimulus; in the visual–auditory habituation 
procedure, infants look at a computer screen display-
ing a checkerboard pattern or bull’s eye, while an 
auditory stimulus is played. In both procedures, after 
habituation or familiarization, discrimination can be 
tested by changing the stimulus.

The conditioned head-turn procedure (developed 
by Patricia Kuhl to study speech perception) takes a 
different approach. Rather than relying on habitu-
ation or familiarization to elicit a novelty prefer-
ence, infants are trained to respond discriminatively. 
Infants are exposed to a series of speech sounds from 
one baseline category and operantly conditioned 
to make a head turn to a visual reinforcer when the 
sound changes. After training, infants can be tested 
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on novel stimuli to measure discrimination from the 
baseline category.

More recently, researchers have turned to brain 
imaging, particularly event-related potentials (ERPs), 
which measure voltage fluctuations on the scalp, 
driven by neural activity time-locked to a stimulus. 
Many ERP studies employ the mismatch response 
(MMR) paradigm, which can be regarded as a famil-
iarization-test with an electrophysiological measure. 
Thus, the MMR measures discrimination. It can be 
more effective than behavioral measures because it 
does not require the infant to learn a behavior and can 
be applied while the infant is not attending. Moreover, 
the MMR can be achieved with fewer baseline trials 
than behavioral habituation so that many more test 
trials can be administered. More recent neuroscienc-
tific methods like magnetoencephalography (MEG) 
and near-infrared spectroscopy (NIRS) have begun to 
offer more precise measures of the location of brain 
responses.

The aforementioned methods largely measure dis-
crimination (whether listeners perceive two speech 
sounds as the same or different) but have been used 
to make inferences about categorization (how listen-
ers group speech sounds). Categorization is typically 
measured in adults and older children by their label-
ing of single speech sounds, but this is difficult with 
infants. The ability to make inferences about catego-
rization from discrimination data was enabled by the 
finding of categorical perception (that discrimination 
is predicted from categorization, discussed shortly), 
but recent work on discrimination in adults chal-
lenges whether discrimination and categorization 
are isomorphic, making a true measure of infant cat-
egorization more important. As infants cannot give 
explicit labeling responses, there has been interest in 
recent years in procedures that train infants to indi-
cate different categories by making eye movements to 
different locations.

Developmental	Time	Course
Janet Werker and Richard Tees conducted perhaps the 
seminal study on the development of speech–sound 
discrimination. They tested infants’ discrimination 
of a Hindi and a Salish contrast that are not phone-
mic in English, as well as on b/d, which is phonemic 
in all three languages. Canadian-English-learning 
infants could discriminate all three contrasts at 6 to 8 
months, but by 10 to 12 months, they only discrimi-
nated the English contrast; infants from Hindi- and 

Salish-speaking homes retained the ability to dis-
criminate their native-language contrast. This study, 
together with replications on other consonant dis-
tinctions, suggests a model of development based on 
down weighting or pruning unused speech contrasts. 
In this model, infants initially discriminate many con-
trasts, and this ability is gradually reduced between 
the sixth and 12th months for contrasts not used in 
the native language. This process, which has also been 
termed perceptual narrowing, is not the only develop-
mental pattern: Some contrasts are initially difficult 
and emerge later (e.g., fricative voicing); some con-
trasts that are discriminable early on are subsequently 
enhanced (e.g., r/l); and contrasts that fall completely 
outside the native-language inventory are never lost 
(e.g., Zulu clicks for English adults). Nonetheless, the 
pruning model is widely accepted to be the dominant 
description of speech-discrimination development.

Pruning of nonnative vowel contrasts was observed 
by Linda Polka and colleagues. Patricia Kuhl and col-
leagues observed this phenomenon within a native-
language vowel category (rather than across different 
categories as in work on pruning). Infants discrimi-
nate poorly between vowel sounds if one is a clear 
and the second a poor example of the category, but 
they show better discrimination of two sounds that 
are both poor examples (suggesting that the acqui-
sition of a category center prunes distinctions in its 
vicinity). In both paradigms, this language-specific 
behavior was found at 6 months, when infants are 
still universal listeners for consonants. Vowels may be 
acquired faster than consonants because of their lon-
ger duration and higher salience.

However, as with consonants, pruning is not uni-
versal. Infants do not always lose sensitivity to non-
native vowel contrasts, even contrasts that fall within 
one native category. Vowels’ greater duration and 
salience might play a role in this continued sensitiv-
ity. A special case is infants’ acquisition of vowel dura-
tion, which is phonemic in many languages. There 
is mixed evidence of duration discrimination early 
in infancy, but by 1 year, infants appear sensitive to 
vowel duration differences, irrespective of their lan-
guage background. Finally, work by Linda Polka and 
Ocke-Schwen Bohn shows that the initial stage of 
vowel perception is dominated by perceptual asym-
metries; for example, young infants find it easier to 
hear a change from a central vowel to a peripheral 
vowel (e.g., from /з/ in bird to /i/ in bead) than in the 
opposite direction.
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Mechanisms	of	Development	in	Infancy
While infants may be able to use top-down infor-
mation to acquire speech–sound contrasts (e.g., the 
fact that two sounds may distinguish a minimally 
different pair of word forms that have different 
meanings), most accounts of the shift toward native 
language perception stress bottom-up perceptual 
learning. Recently developed statistical learning 
accounts posit that, across many utterances, the 
acoustic cues of speech sounds show a statistical dis-
tribution characterized by clusters corresponding 
to the phonological categories of the language (see 
Figure 1). Learning mechanisms sensitive to these 
distributions (distributional learning) can then use 
this clustering to estimate the number of catego-
ries and their locations and extent. For example, an 
infant learning English would discover two voicing 
categories centered at 0 and 70 milliseconds (ms); an 
infant learning Hungarian would find two categories 
at minus 100 and 0 ms; and an infant learning Thai 
would discover three categories (see Figure 1).

Evidence for distributional learning comes from 
studies by Jessica Maye and colleagues, who exposed 

infants to a series of speech sounds in 
which a particular cue value varied 
according to a bimodal distribution 
(featuring two clusters) or a uni-
modal distribution (a single cluster 
as in the bottom panel of Figure 1). 
Only infants exposed to the bimodal 
distribution subsequently discrimi-
nated tokens along the relevant cue 
dimension. Such brief exposure can 
both prune contrasts that infants ini-
tially discriminate and enhance those 
that they do not. As both these pro-
cesses take place in early speech-per-
ception development, a parallel with 
real-life development is apparent.

This work has been extended with 
several computational models. These 
models use either machine-learning 
architectures or connectionist net-
works to provide mostly a proof of 
concept, showing that simple learn-
ing mechanisms can acquire the 
relevant categories from input with 
clustered speech sounds. One model 
(by Bob McMurray and colleagues) 
shows how pruning and enhance-
ment can derive from the same learn-

ing mechanisms, but no model explains the initial 
state of infant discrimination.

A number of problems have also been raised with 
the distributional learning account. First, while 
many speech contrasts show separable clusters, some 
might not. Second, it is not clear whether such learn-
ing can scale up when sounds from many categories 
are presented at once. Third, there are questions 
about how infant-directed speech (IDS) affects the 
clustering of cues; while work by Patricia Kuhl sug-
gests that mothers enhance the phonetic contrasts, 
more recent studies suggest that the changes induced 
by IDS may not be beneficial or even make learning 
more challenging.

Categorical	Perception
The notion of categorical perception is of significant 
importance to work on infant speech perception. Cat-
egorical perception was first identified in adults by 
Alvin Liberman and his colleagues. It is observed when 
two sounds are discriminated more poorly when they 
are assigned the same category than when they are 

Figure	1 Distribution of voice onset times (VOTs) in three languages based on 
 measurements by Leigh Lisker and Arthur Abramson.

Bars are colored to indicate different clusters in the input. The bottom panel shows 
a hypothetical language with only one voicing.
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members of different categories. Categorical percep-
tion is an important theory of speech perception in 
its own right, as it suggests that phonological catego-
ries determine how adults perceive speech at a sen-
sory level. Because labeling data are difficult to obtain 
with infants, a number of studies have assumed adult 
category boundaries and measured discrimination 
within and between these adult categories to show a 
categorical-perception profile in infancy (including 
the Eimas and colleagues study in 1971, as well as a 
study by Richard Aslin and David Pisoni that used a 
large number of contrasts). By assuming a strong rela-
tionship between discrimination and identification 
(based on categorical perception), researchers could 
use the available discrimination measures to make 
inferences about what categories infants may have. 
However, later work with adults reached a consen-
sus that categorical perception was an artifact of the 
memory demands of discrimination tasks. Categori-
cal perception may not be operative in infancy either, 
as two studies by Joanne Miller and Peter Eimas, and 
by Bob McMurray and Richard Aslin, showed that 
infants can discriminate speech sounds that belong 
to the same category. These results suggest that infant 
perception is gradient rather than categorical, which 
renders it problematic to infer infant categorization 
from infant discrimination.

Speech	Sounds	in	Context
While most studies on infant perception have inves-
tigated discrimination of either tokens varying in 
a single cue, or natural tokens varying in multiple 
cues, a number of studies have gone further. Joanne 
Miller and Peter Eimas showed that 3- to 4-month-
old infants adjust their discrimination of voice onset 
time (VOT) to secondary cues (first formant fre-
quency) and contextual cues (speaking rate) in ways 
that resemble adults. Carol Fowler showed that 4- to 
5-month-old infants compensate for coarticulation 
across phonemes in an adultlike fashion, and several 
studies by Patricia Kuhl suggested infants can learn to 
ignore talker differences in vowel perception. These 
results show that infants do not perceive speech cues 
and speech sounds as isolated events and suggest that 
they make use of context. The level of sophistication 
is still unclear because only a handful of effects have 
been examined, and these studies typically test fewer 
tokens than would be used in an adult study. More-
over, much older children appear to be still organizing 
their use of context in speech perception.

Relationship	of	Speech	Perception	to		
Early	Word	Learning
For a while, the consensus in the field was that infants’ 
perceptual systems are largely tuned to the native 
language by 12 months and hence available to sup-
port word learning when that begins around that age. 
Christine Stager and Janet Werker challenged that con-
sensus when they showed that 14-month-old infants 
can discriminate /b/ from /d/, but struggle to learn 
minimally different syllables, bih and dih, as the labels 
of two novel objects. At the time, this was considered 
evidence that infants have less access to phonetic detail 
in word learning than in speech perception. A flurry 
of subsequent studies by Chris Fennell, Dan Swingley, 
and others suggested part of the problem was the chal-
lenging task Stager and Werker used to test recognition 
after learning. Infants perceive fine-grained phonetic 
differences in known words, in newly learned words 
when tested in a different task, or when they know 
more words. However, it is too simple to suggest that 
the task was the only problem. Gwyneth Rost and 
Bob McMurray found that 14-month-old infants can 
learn the words buk and puk in the same task as Stager 
and Werker used when variability is added along an 
irrelevant dimension (talker) but not when variability 
along the relevant dimension (VOT) is systematically 
manipulated. The fact that irrelevant talker variabil-
ity (which should have made the task more challeng-
ing) was helpful illustrates that, even if 14-month-old 
infants do discriminate many relevant perceptual 
dimensions, they need word-learning experience to 
determine which acoustic dimensions are relevant and 
irrelevant for contrasting words.

The dissociation between the discriminability of a 
dimension and its utility for word learning has been 
found in several other studies. Most notably, Thierry 
Nazzi and colleagues have shown that 20-month-olds 
who learn words in a grouping task have more diffi-
culty attending to vowel than to consonant contrasts, 
even though the vowels seem to be acquired earlier in 
speech perception. The idea that speech perception 
is fully in place to support word learning has proven 
too simple.

Later	Development
Studies of older children challenge the simplistic 
notion that speech perception is complete even by 2 
years. These studies employ phoneme-decision tasks 
and report that phonetic categories are still sharp-
ening as late as 6 or 7 years old and perhaps as late 
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as 12. During early and late childhood, children also 
learn to weigh and combine acoustic cues in an adult-
like fashion and to compensate for contextual factors 
like coarticulation. For example, a series of studies by 
Susan Nittrouer on children’s perception of sibilant 
fricatives (/s/ versus /∫/) suggest that children shift 
from primarily relying on spectral cues in the transi-
tion between the frication and the vowel to weighing 
the frication heavier, as adults do. The apparent dis-
crepancy between infants’ early acquired speech-per-
ception skills and the slow development of speech–
sound categories in childhood may partly derive from 
methodological differences. Infant speech-percep-
tion experiments consider a contrast acquired when 
infants discriminate two clear examples of the catego-
ries, while experiments with older children and adults 
employ systematic variations along multiple cues and 
tokens from near the phonetic boundaries to precisely 
characterize their perception.

Although speech perception is not finished after 
the first 2 years, its early development lays the foun-
dation for further language acquisition. Studies by the 
labs of Patricia Kuhl and Janet Werker have shown 
that infants’ early speech discrimination is predictive 
of their later language outcomes. Older children’s per-
formance on speech-perception tasks has also been 
related to clinical outcomes like dyslexia and specific 
language impairment. Such effects have not always 
replicated, and this work has engendered much debate 
as to whether speech-perception deficits derive from 
differences in the encoding of auditory cues, phono-
logical deficits, or problems at a higher level, such as 
lexical processes or attention. A large part of this lit-
erature is based on discrimination tasks and categori-
cal perception paradigms, which are now known to 
be methodologically problematic; researchers are only 
recently applying more suitable paradigms to this 
problem to more fully understand the relationship 
between speech perception and language acquisition.
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Speech	Processing
From birth, infants demonstrate a general preference 
for speech over a range of other nonspeech auditory 
stimuli, suggesting a bias for human speech. This 
potential bias may draw infants into the auditory 
world and facilitate the processing of speech over the 
course of development. Indeed, early experience with 
language prior to birth may help form this bias and 
may be responsible for early speech preferences, such 
as a mother’s voice, native language rhythm, and famil-
iar stories. Experience with the ambient language con-
tinues to shape infants’ processing of the speech signal 
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over the first year of life. During this time, infants are 
learning about sounds, sound patterns, and prosodic 
information (rhythm, stress, and intonation) specific 
to their language, and they are simultaneously using 
this information to find and learn words.

General	Processing	of	Speech
Experience with language even prior to birth influ-
ences neonates’ preferences for global aspects of 
speech signals. For example, infants prefer listening 
to stories that were read to them during the last few 
weeks of pregnancy over novel stories, and they also 
prefer to listen to their mother’s voice compared to 
other female voices. Newborns also show sensitivity to 
the rhythmical properties of language. Rhythm refers 
to the timing and organization of units in speech. 
A language can fall into one of several rhythmical 
classes—stress timed (e.g., English), syllable timed 
(e.g., French), or mora timed (e.g., Japanese). New-
borns discriminate between languages based on dif-
ferent rhythmical classes, and by 2 to 4 months, they 
discriminate languages from within a single rhythmi-
cal class (e.g., English and Dutch). This sensitivity to 
the rhythmical properties of language may help to lay 
the foundation for speech segmentation by highlight-
ing units for segmentation.

Basic psychoacoustic (physiological and psycho-
logical responses) and cognitive capabilities essential 
for processing speech input appear to be available to 
infants at birth. When neonates are presented with 
speech, there is greater activation in the left hemi-
sphere than the right. Interestingly, this is not the case 
when neonates are presented with temporally reversed 
speech. A potentially very useful starting point for 
processing the speech signal is a bias or preference for 
speech over other types of sounds, and indeed this 
appears to be the case as young infants listen longer 
to speech over closely matched nonspeech signals. 
Infants also prefer to listen to speech that is directed 
toward them. This type of infant-directed speech 
tends to have exaggerated vowels and greater pitch 
variation, and caregivers tend to use shorter sentences 
and repeat more items. Attending to infant-directed 
speech may play an important functional role in 
infants’ linguistic and socioemotional development. 
Indeed, infant-directed speech may facilitate speech 
segmentation, and it has been linked with the trans-
mission and reciprocity of emotional affect. A pref-
erence for speech in general and for infant-directed 
speech in the first year of life appears to be related to 

later vocabulary size, suggesting it may set the foun-
dation for subsequent language development. 

Learning	About	Sounds	and	Sequences
From birth, infants show a remarkable ability to 
discriminate a range of speech sounds found in the 
world’s languages. Over the course of the first year, 
they begin to show better discrimination of sounds 
that occur in their native language than those that 
do not. During this time, infants are also learning 
about sound combinations (phonotactics), prosody 
(rhythm, stress, and intonation), and words. This 
experience with one’s native language plays an impor-
tant role in many aspects of early speech development 
and the processing of the speech signal.

While infants discriminate a wide range of speech 
sounds found in the world’s languages, there are cases 
where discrimination is more difficult. For example, 
if a contrast in the native language is not particularly 
salient, such as [n] as in sun and [ŋ] as in sung, it is 
not until around 10 to 12 months that infants dem-
onstrate successful discrimination, suggesting influ-
ences of both experience and the salience of the con-
trast. The position in which a sound contrast occurs 
in a word can also influence processing. Infants at 9 
months prefer listening to lists of words that contain 
the same consonant–vowel (CV) portion of a CVC 
syllable or the same initial consonant, but they do not 
show a preference for CVC syllables that contain only 
a shared VC, suggesting that they are better at attend-
ing to segments that occur at the beginning of a word. 
Indeed, Dutch infants of 11 months prefer correctly 
pronounced words over mispronounced words where 
the word-initial segment changes in place of articula-
tion but show no preference when this change is made 
in the word-final segment. Moreover, Dutch infants 
of 10 months show discrimination of stop consonant 
contrasts in word-initial position, but not word-final. 
It is not until 16 to 20 months that infants demon-
strate the ability to discriminate a wider range of 
word-final contrasts.

Around 9 months, infants show sensitivity to 
native-language sound combinations. They prefer lis-
tening to words that contain more common speech-
sound combinations and words with sound combi-
nations that appear in the correct word position. For 
example, they prefer novel words with appropriate 
positional phonotactics, such as br at the beginning of 
word, over sound combinations occurring in inappro-
priate positions (e.g., febr). At this age, infants are also 
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sensitive to the frequency in which sounds co-occur 
in the language, and they can use this information 
to subsequently process the speech stream. Indeed, 
infants orient longer to nonwords that contain com-
mon sound patterns, and they are better at learning 
words containing typical sound sequences than those 
that do not. Moreover, infants’ accumulated knowl-
edge of phonotactics constrains their early word–
object mappings. That is, at 12 months, they do not 
map novel forms containing illegal sound sequences 
to novel objects, and at 18 months, after familiariza-
tion to an artificial speech stream, infants map only 
the forms that are highly probable to novel objects. 
This suggests that infants’ acquired knowledge about 
sound patterns early in their development helps to 
constrain subsequent speech processing.

Making	Sense	of	the	Speech	Signal
The speech signal is continuous, and unlike printed 
text, there are no identifiable pauses between words. 
This presents a unique challenge to infants as they 
attempt to make sense of the auditory world. One way 
in which they can break into the speech signal is by 
relying on highly frequent words, such as mommy and 
their own name. By recognizing their name, infants 
can then use this to posit a potential word boundary 
for an adjacent word. For example, an infant whose 
name is Billy will recognize the word bike when it 
occurs next to his name (e.g., Billy’s bike). Infants rec-
ognize their names by around 4 months, and evidence 
for using familiar words to segment words has been 
found by 6 months, suggesting that this is a reason-
able strategy for segmentation.

While familiar words may help infants to begin 
parsing words from the speech signal, not all words 
will occur next to these familiar forms. Luckily, infants 
have available other cues to help them find potential 
words. As previously mentioned, infants are very sen-
sitive to the native language’s rhythm pattern. This 
sensitivity can help them find potential words, espe-
cially for languages that use word-level stress, such 
as English. Word stress refers to the prominence of 
one syllable over another. In most English nouns, the 
first syllable is prominent, as in baby. If infants can 
track the stress patterns of words, then they can use 
this information to posit a word boundary. Evidence 
for a stress-initial segmentation strategy for English 
words has come from studies using natural language 
and from studies using artificial languages. The find-
ings suggest that, while this is not going to work 100 

percent of the time, this is a fairly useful segmenta-
tion strategy.

The idea that infants can track information in the 
input and use this to find words has been referred to 
as statistical learning. In their seminal work, Jenny Saf-
fran, Richard Aslin, and Elissa Newport found that 
infants could track the likelihood of syllables co-occur-
ring together (transitional probabilities) and use this 
information to parse words from the speech stream. 
For example, in the sequence pretty baby, the syllables 
pre and ty have a greater likelihood of co-occurring, as 
they form a word, than the syllables ty and ba, which 
cross a boundary. While it seems that tracking statisti-
cal information is one of the early strategies available 
to infants, other sources of information, such as word 
stress discussed previously, phonotactics, and coar-
ticulatory cues (influences of adjacent speech sounds 
on the articulation of each other), also facilitate word 
segmentation. Indeed, sensitivity to native-language 
sound patterns is used by infants to find words in the 
continuous stream of speech. For example, 9-month-
olds are able to use their knowledge of allowable 
within-word sound sequences as well as phonotactic 
boundary cues to find words in the continuous speech 
stream. Moreover, when faced with conflicting cues, 
such as transitional probabilities and coarticulatory 
cues, infants will rely more on coarticulation informa-
tion to parse words from the speech stream.

The speech stream is rich with information that can 
be used by the infant to break into the signal and begin 
to find, store, and process words. However, there is no 
one perfect source of information that will always reli-
abily predict a word boundary. That is, cues are proba-
bilistic in nature, and it is the combination of these 
cues that help infants process the speech stream.

Storing	and	Recognizing	Words
Infants recognize highly familiar words as early as 6 
months. They recognize their names even earlier. 
While this does not necessarily mean that infants have 
a full-blown understanding of what these words refer 
to, it does suggest that early lexical development is hap-
pening well before infants utter their first words. Lexi-
cal development influences the subsequent processing 
of the speech signal by first constraining recognition 
and then helping to deal with variation in the signal.

While infants are learning about the words of their 
language, they are required to manage the demands 
of speech processing that change depending on 
the context in which the sounds occur (structured 
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variability), on the speaker’s affect and speech rate, 
and the speakers’ dialect, accent, and gender (unstruc-
tured variability). Infants of 7 months do not recog-
nize wordforms parsed from the speech stream if they 
do not contain the same coarticulatory information; 
this suggests that they are highly sensitive to the pho-
netic characteristics of words. It takes infants some 
time to ignore unstructured variability. If infants of 
7½ months are familiarized to word forms in a male 
voice and then hear the words in a female voice, they 
have difficulty recognizing the words. This is also the 
case if the voices are both female but are quite dif-
ferent from one another. Similarly 7- to 8-month-old 
infants show diminished (slower) word form recogni-
tion when the speaker affect or speech rate differs from 
the exposure words. However, by around 11 months, 
infants no longer have the same degree of difficulty in 
word form recognition when this type of variability 
occurs. Interestingly, it takes even longer for infants 
to recognize words produced in different dialects or 
accents. Indeed, it is around 15 months before they 
treat variant productions of words as similar. One 
possible explanation is that lexical development and 
the emergence of stable representations shift atten-
tion from phonetic or detailed word-level informa-
tion to a more abstract level of processing.

The speed at which infants recognize words 
increases from between 15 and 24 months of age. 
When presented with pictures of familiar objects and 
the spoken labels, younger infants take longer to look 
at the correct picture. Interestingly, infants look at 
the appropriate picture before the end of the spoken 
word, suggesting they can recognize words with par-
tial information. Infants of 14 months also take lon-
ger to look at a target picture when the spoken word is 
mispronounced (e.g., vaby for baby), suggesting that 
infants’ representations of words are highly detailed.

As the lexicon develops, word forms (with or with-
out meaning) begin to form neighborhoods based on 
similar sound patterns. These phonological neighbor-
hoods have been shown to influence how easy or diffi-
cult it is for an infant to learn a new word. For example, 
if infants of 17 months are exposed to a dense neigh-
borhood (e.g., cat, cap, can, etc.), it inhibits learning a 
new word–object pairing. This is not the case when they 
are preexposed to a sparse neighborhood. It could be 
that these dense neighborhoods impact the resources 
available to the infants in order to form new word–
object associations. Indeed, research on minimal pair 
word learning has demonstrated that, in the absence 

of referential information, infants of 14 months have 
difficulty learning two novel word–object pairings that 
differ solely in one speech sound (e.g., bin and din).

Together, these findings suggest that infants’ repre-
sentations of word forms are highly detailed. Ignoring 
information that does not distinguish between forms 
begins to happen with more experience with language 
and the concurrent development of lexicon. That is, 
speech processing is influenced by experience and 
the knowledge and representations of the language 
acquired over the course of development.

Speech	Does	Not	Occur	in	a	Vacuum
Speech is embedded in a rich structure. Contextual 
information and social cues provide additional infor-
mation about the signal and help the infant to navigate 
the language-learning environment. Indeed, social, 
referential cues can facilitate mappings between the 
speech signal and objects in the environment. In addi-
tion to these types of cues, visual information, and 
even motor input, can change how infants process 
speech. Exciting new research from Henny Yeung and 
Janet Werker has found that nonspeech orofacial ges-
tures, such as chewing and sucking, influence audio-
visual (AV) speech perception at 4½ months of age. 
This suggests that there are a number of influences 
beyond the speech-perception domain that influence 
speech processing.

Research examining the role of visual information 
in speech processing has demonstrated that infants 
can match seen and heard speech. When presented 
with side-by-side displays of a woman producing 
either an ee or an ah vowel, infants of 2 and 4 months 
look at the display containing the visual match for the 
auditory input. Visual information can also influence 
how the speech sounds are processed. When infants 
of 6 months are familiarized to a set of speech tokens 
spanning the /ba/-to-/da/ continuum—that is, mak-
ing the medial tokens acoustically ambiguous—if 
speech tokens are paired with consistent visual input 
(a model producing a /ba/ for all the tokens on the 
ba side of the category boundary and a /da/ for the 
da side of the boundary), they later discriminate the 
/ba/ tokens from the /da/ tokens. If, however, the 
visual input is random and not aligned with a specific 
set of tokens, infants do not discriminate the tokens. 
This suggests that the consistent occurrence of audi-
tory and visual input might support learning native-
language category boundaries. Indeed, this might even 
facilitate the processing of nonnative speech sounds 
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at a time when presentation of auditory input alone 
demonstrates narrowing of discrimination abilities. If 
infants of 10 to 12 months view a model producing a 
contrast that does not occur in their native language, 
they discriminate this contrast, suggesting that subtle 
visual cues help to enhance discrimination. This facili-
tation of discrimination goes beyond visual input in 
the form of articulation of speech. By simply pairing 
the nonnative sounds (e.g., Hindi retroflex and dental 
stop consonants) with two visual objects, infants suc-
ceed at discriminating this contrast.

Visual information alone can lead infants to dis-
criminate speech. Infants of 4 months discriminate 
between languages by simply watching videos of talk-
ing faces without any auditory information. Inter-
estingly, monolingual infants show sensitivity until 
about 6 months of age, but bilingually raised infants 
maintain this sensitivity until around 8 months of age. 
Once again, this demonstrates how experience influ-
ences the processing of speech information. What is 
particularly fascinating is that this ability to discrimi-
nate languages extends to visual cues alone.

Visual information can also alter auditory speech 
processing. The classic example of this is the McGurk 
Effect. Here, in an experimental manipulation where 
the auditory input and the visual input conflict, adults 
integrate the information and form a percept in between 
the two inputs. For example, if the auditory input is a  
/ba/ and the visual input is a /ga/, then adults typically 
perceive a /da/ or a /tha/. This integration of auditory 
and visual information has been shown in infants as 
young as 4 months of age, suggesting an influential role 
of visual input in speech processing.

Auditory and visual information co-occur in the 
infant’s learning environment. The integration of this 
information can facilitate learning about sound cat-
egories, discrimination of sounds and languages, and 
shift perception of the auditory input. This suggests 
that the visual input helps to support speech process-
ing by providing additional cues to distinctive proper-
ties of speech. Indeed, together, this information may 
form the foundation of social communication.

Summary
Over the first 2 years of life, infants are tracking and 
attending to all the available information in the lan-
guage-learning environment. The concurrent pro-
cessing of various types of speech information and 
the development of lexical representations work in 
consort to provide the infant with rich information 

about the ambient language and set the stage for fur-
ther linguistic development.

Suzanne Curtin
University of Calgary
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Speech	Prosody
Prosody is the term applied to the intonation, timing, 
and prominences of speech, and the effect of these on 
the meaning of what is said. In this entry, consideration 
of prosodic development will be confined mainly to 
the English language and to conversational speech (as 
opposed to the prosody characteristic of reading aloud). 
Prosody will be reviewed from the point of view of per-
ception, production, and interaction with reference to 
four developmental stages: prenatal, the first 2 years of 
life, years 2 through 5, and years 5 through 13. Atypical 
prosodic development is covered in the final section. 
There is considerable variation in individual children 
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in all parameters of prosodic development, and any age 
points given here are only broadly indicative.

Prosodic	Elements
The building blocks of prosody consist of loudness 
(the perceptual correlate of energy or amplitude in 
speech, usually measured in decibels), pitch (the cor-
relate of fundamental frequency, often measured in 
Hertz [Hz] or semitones), duration (the time a speech 
sound lasts, usually measured in milliseconds), and 
silence (which is likely to occur between phrases or 
utterances). Extra loudness, more salient pitch (in 
terms of height or movement), and longer duration 
on a syllable combine to give it relative prominence, or 
stress. Words of more than one syllable typically have 
a stress pattern associated with them (lexical stress). 
Sometimes, the stress pattern will alter according to 
the grammatical function of the word, for example, 
the noun IMprint versus the verb imPRINT. In some 
languages (e.g., Mandarin, Cantonese, or Thai, and 
not English), words also have a particular pitch pat-
tern, or tone, associated with them. All the above fea-
tures are principally carried by the vowel that forms 
the nucleus of the syllable. The beginning of an utter-
ance is often signaled by a change in pitch and the end 
by a cluster of features: pitch change and lengthening 
on the final syllable, often followed by silence. Emo-
tion can be signaled by pitch range, speech rate, and 
loudness; for example, wide-ranging pitch is said to 
show a high degree of emotion; high pitch suggests 
excitement, and low pitch depression.

Prenatal	Prosody	Conditioning
Prosody is a key factor in the development of language 
and communicative interaction and, unlike other 
aspects of language, is accessible to infants before 
birth. Babies in the womb can hear low-frequency 
sounds (less than 500 Hz in pitch) that are louder 
than internal noises (i.e., exceeding 60 decibels). This 
gives them the ability to hear some features of conver-
sational speech, and some syllables are more promi-
nent than others. This suggests that, when babies are 
born, they are well placed to start to identify speech 
in what they hear. Moreover, being able to distin-
guish pitch and duration gives infants an indication 
of where phrases begin and end and the intonation of 
utterances. This gives them a handle on more global 
aspects of communication, such as the existence of 
grammatical phrasing, the association of intonation 
with emotion, and conversational turn taking.

Prosody	in	the	First	2	Years
Prosodic development is affected by the prosodic 
characteristics of the adult language. Other factors in 
communication also affect its development: interac-
tion with adults, increasing mean length of utterance 
(MLU), and segmental and syntactic development.

From birth, infants produce vocal sounds. To begin 
with, this will be crying, later cooing and babbling. 
The length of vocalizations increases greatly in the 
first 5 months, as does pitch range and variability. 
Control of subglottal pressure and the muscles of the 
larynx develop over the first weeks. Vocal tremor and 
other such irregularities of phonation come under 
control in the first months.

Initially, the lack of laryngeal control results in pitch 
patterns that fall as pitch will decline with decreasing 
subglottal air pressure. Although falling pitch patterns 
may be acquired earlier than rising patterns, because 
rising patterns require better control of subglottal 
pressure, rising patterns appear early in languages 
where they are more common than falling ones (e.g., 
French), indicating the influence of the ambient lan-
guage on prosodic development. Subglottal pressure 
also determines the loudness of speech. Timing seems 
to develop more slowly than pitch control. Protosylla-
bles can be detected in the first 6 months of life: They 
are produced slowly, at nearly half the speed of adult 
syllables, but the melody of adult prosody can be heard 
on them, and relative lengthening can be detected in 
utterance-final syllables. Final-syllable lengthening, 
like pitch, may initially be physiologically determined 
but also serves to indicate the end of an utterance in 
many languages (e.g., English, French, German, Span-
ish, and Swedish): Infants brought up surrounded by 
these languages will show syllable lengthening at the 
ends of utterances but not in the middle. Some lan-
guages, such as Japanese, lack final lengthening: Japa-
nese infants appear to learn to inhibit it by stopping 
final syllables with glottal closure.

From this, it can be seen that, at the prelinguistic 
stage, before consonants are acquired or words are 
produced, adults attribute intention and meaning 
to babies’ utterances. They assume that a baby has 
completed an utterance when it produces a falling 
pitch pattern and final lengthening, and that he or 
she expresses greater distress with louder or higher 
cries. Motherese, or child-directed speech, is charac-
terized by words and phrases produced with exag-
gerated pitch patterns by the mother or other care-
giver: Typically, this speech is echoed intonationally 
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by the baby, producing a form of dialogue or com-
munication, apparently gratifying to both parties, 
and exchanging basic social or emotional meanings. 
This interaction establishes the rudiments of conver-
sational turn taking. Children’s utterances can be cat-
egorized as mother directed (where the child looks at 
the mother) or nonmother directed, where the child 
appears to be talking to him- or herself, and as cries, 
call cries, and noncries. Mother-directed utterances 
include requests, or utterances requiring a response, 
which may involve rising pitch patterns. It seems that 
utterances with the aim of communication are estab-
lished by about 9 months.

There are differing accounts of what happens next 
in a child’s prosodic development, but there appears 
to be some disruption as children start to produce the 
vowels and consonants (segments) needed for words. 
The development of the pitch patterns typical of the 
adult language seems to be temporarily suspended, 
and the greater effort needed to articulate consonants 
makes vocalizations slower. This temporary regres-
sion can last for several months, while children begin 
to produce intonation consistent with meaning, along 
with their first (single) words. At first, these words 
may be tied to particular intonation patterns, as in a 
tone language.

Single words at this stage may have more than one 
syllable, and for English and other stress-timed lan-
guages (other languages, such as French, are described 
as syllable timed), this means that one syllable carries the 
lexical stress while the other(s) are relatively unstressed. 
In typical adult English, vowels in unstressed syllables 
are often pronounced with shorter and more central-
ized vowels, a phenomenon known as vowel reduction. 
Lack of vowel reduction is thus a big cue to identifying 
the stressed syllable of a word, but children acquiring 
their first words do not reduce vowels in unstressed 
syllables. As a result, as well as being slower, at this 
stage, children’s speech is characterized by undiffer-
entiated stress and rhythm, whereas their earlier bab-
bling, in which words could not be distinguished, gave 
the impression of stressed and unstressed syllables and 
adultlike speech rhythms. The gradual reduction of 
vowels in unstressed syllables continues until the age of 
4 or 5, along with an increase in speech rate.

Earlier research into children’s lexical prosodic 
development suggested that children show a trochaic 
bias, that is, that they prefer to produce disyllabic 
words where the first syllable is stressed and the second 
unstressed, often deleting syllable(s) to achieve this 

pattern. While it is true that the disyllables acquired by 
children learning English tend to be trochees, it now 
seems that children simply pick up the stress patterns 
that are characteristic of the ambient language.

At the one-word stage, children begin to distin-
guish between talking to themselves (i.e., using speech 
to accompany their attention or actions, possibly as a 
learning aid) and talking to others (social communi-
cation). Toward the end of this period, around the age 
of 1 year, 6 months, words may be used consistently 
with different pitch patterns for associated commu-
nicative purposes, usually directed to others. There is, 
however, no clear association of rising tones for ques-
tioning or requesting and falling tones for labeling or 
undirected speech, for example. The use of different 
tones on the same word is thought of as a grammati-
cal use of intonation.

Other-directed speech generally shows more pro-
sodic variation—greater pitch range, higher pitch, 
greater duration, greater loudness—than undirected 
speech. Additionally, repeated requests show higher 
initial pitch height and an increase in loudness or 
duration. These features suggest that increased pro-
sodic variation is associated with greater interactional 
involvement and that the ability to control prosodic 
variation for communicating with others is emerging. 

On the whole, pitch factors tend to be controlled 
earlier than timing features. The timing of speech also 
undergoes a change in this period: Final lengthening, 
which appeared early, is suspended, while the child 
acquires two-word or longer phrases, and is reestab-
lished in a slightly different form by the age of 2.

At this stage, the young child is able to use the pitch 
pattern not just to show that his or her conversational 
turn is complete but also to display the status of the 
action that he or she is performing in a turn. This is 
evident in the following interaction between Robin, age 
19 months, and his mother, who are playing with toys:

1 M: its a `TRACtor(.)like `THAT one

2 R: `WAhe  

3 M: `TRACtor can you say `TRACtor

4 R: `EHteh  

5 M: thats it  

In the first line, his mother names the toy and points 
out that it is like the previous toy. She uses a falling tone 
(`) twice. Robin produces a single word of two syllables; 
the first syllable is louder than the second (shown by 
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capital letters) and has a falling tone. His mother comes 
in straightaway after his utterance (line 3), thus treat-
ing it as a complete conversational turn. She first cor-
rects his attempt and then explicitly asks him to say the 
correct word, again using falling tones. In Robin’s next 
turn, he again produces a single word of two syllables; 
even though his vowels and consonants still diverge 
considerably from the mother’s adult pronunciation 
of tractor in line 5, she immediately accepts Robin’s 
turn as adequate. The pitch patterns and the overall 
prosodic shapes of the two versions of tractor resemble 
each other. Thus, it appears that Robin’s ability to pro-
duce a disyllabic utterance with a louder first syllable 
and with a falling pitch that matches his mother’s pre-
vious turn is important. It allows her to interpret his 
utterance not only as an attempt at the word tractor but 
also as an attempt to comply with her request.

At this age, Robin can also produce a tone that does 
not match his mother’s. His mother names a toy using 
a falling tone. Robin repeats the word more or less 
accurately but with a rising tone:

1 M: its a `MAN

2 R:  ´MA  

3 M: ´yes

4 R: `DI jәma

5 M: a`NOther man (.) in a `BOAT

His mother’s yes response in line 3 suggests that she 
is treating Robin’s utterance as a request for confir-
mation. It suggests that the tonal contrast produced 
by Robin on ma constitutes his verbal repeat not as a 
simple attempt to name the toy (as with tractor) but 
as a new action: a request for confirmation. Once he 
has had this confirmation, he shifts the topic to a dif-
ferent man toy.

Prosody	Between	Two	and	Five	Years
With the onset of multi-word utterances comes the 
advent of syntax, which opens up more possibilities 
than the mere opposition of requesting and labeling, 
which as previously discussed, can be done by into-
nation on single words; and similarly, more complex 
prosody is possible. One word may be more impor-
tant than another, attracting accent (like stress, sig-
naled by pitch change on and before the syllable bear-
ing it, as well as extra loudness and length). Where 
no word is literally more important, there is still one 

main or sentential accent (with many labels, e.g., pitch 
accent, tonic, and nucleus) in all utterances. In Eng-
lish, the default position for sentential accent is on the 
lexically stressed syllable of the last word of the phrase 
(broad focus); for example, “I’ll have COffee.” This, 
combined with lengthening of the final syllable, gives 
plenty of prosodic information about the delimitation 
of the phrase or the speaker’s turn; and this prosodic 
phrasing can also be used to break up a longer turn 
into assimilable chunks. It also clarifies what parts of 
an utterance belong together, for example, the refer-
ents for relative clauses and adverbs: It is the verbal 
equivalent of written punctuation (as in fruit, salad, 
and honey as opposed to fruit-salad and honey). Sen-
tential accent need not necessarily occur in final posi-
tion: It can be shifted to any word or syllable of the 
utterance, for example, “And I’LL have coffee,” often 
for contrast (narrow focus) or to place emphasis on 
new (rather than given) information. Narrow focus is 
usually signaled by greater prosodic prominence (as 
shown below by underlining) than broad focus. The 
remainder of an utterance following the focal syllable 
will usually be de-accented in English and Germanic 
languages; this is also possible in Romance languages, 
but instead, if Romance-language speakers prefer not 
to de-accent a succession of syllables, word order is 
often changed so that the focal syllable comes at the 
end of the utterance (as in “and coffee for ME”). 
Young children also show a preference for accenting 
the final stressed syllable of the utterance, irrespective 
of contrast or focal considerations, and mastery of the 
nuances of where to place the accent takes some years.

There is, however, evidence that, from the onset of 
polysyllabic utterances, children start to acquire the 
ability to manipulate accent for contrastive purposes 
and to de-accent following syllables, as shown in the 
following example:

1 M: what comes out of the FUNnel

2 R: ^SMOKE [ˆFAfa]

3 M: [smoke-](pause)

4
M: ^SMOKE comes out of the funnel 

`DOESnt it (pause) ´HM (pause)
 

5 M: is that ´RIGHT (longer pause) 

6 R: ˆSMOKE fafa

7 M: thats ˆRIGHT ˆSMOKE out of the 
funnel ˆGOOD
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In this extract, Robin’s mother is asking him about 
a toy railway steam engine. In response to her first 
question, Robin produces the word smoke with a rise–
fall pitch movement (^) and another rise–fall on fafa 
(his version of funnel). The first word, smoke, rep-
resents the new information and the expected reply 
to the question. His mother repeats his reply in line 
4 with the focus, and sentential accent, on the new 
information, that is, smoke but not on funnel. After 
some uncertainty, Robin reproduces this correct form 
in line 6, which is immediately reinforced strongly by 
his mother in her next turn. This extract gives some 
insight into the interactional processes by which the 
child can learn to use intonation meaningfully in the 
course of everyday conversation.

Not surprisingly, it takes time for children to mas-
ter these more complex aspects of prosody as well as 
new vocabulary and more complex syntax. It is likely 
that the resulting demands of processing account for 
the fact that 2-year-old children tend to speak more 
slowly than older children. The length and occurrence 
of pauses can be highly variable. Prosodic units grow 
longer, containing an increasing number of words. 
Children attune more and more to the nuances of 
language around them; as one might expect, they 
appear to understand the import of prosody before 
they learn to use prosodic variation in their own 
speech, though it has proved difficult to find hard 
evidence for this. The course of prosodic develop-
ment in the years between 2 and 5 is rather sparsely 
documented. Children start to acquire the expres-
sive skills of focus and phrasing in connected speech 
in this period as well as using intonation to manage 
turn taking, focus, and speech acts in conversation 
and to express affect. These skills continue to develop 
during the school years. Prosody is unusual in that, 
unlike vocabulary and syntax, no formal instruc-
tion is given in it at school; and unlike segmental 
pronunciation (i.e., of vowels and consonants), par-
ents and caregivers do not draw explicit attention to 
it. Because children are not asked to manipulate or 
attend to prosody, it remains a more or less invisible 
aspect of language.

Prosody	Between	Five	and	Thirteen	Years
There are some studies that suggest how prosody 
develops in English-speaking children between the 
ages of 5 and 13, according to the broad categories of 
prosodic function already indicated, although there is 
wide variation among children of the same age.

Around the age of 5, children seem well able to 
understand and express affect but are less well able to 
use and understand intonation, indicating question-
ing as opposed to stating. They have some difficulty in 
stressing pre-final elements and de-accenting the rest 
of the utterance but are reasonably competent at phras-
ing information, as in the difference between phrases 
such as fruit-salad and honey versus fruit, salad, and 
honey. While well able to produce contrastive stress for 
the purposes of focus, they apparently have some dif-
ficulty in interpreting it in another’s utterance.

Receptive ability progresses fairly evenly for all 
prosodic functions until about the age of 13, when it 
is adultlike. The development of expressive ability is 
more uneven, but by the age of 13, the average child 
produces adultlike prosody.

Assessment	of	Prosodic	Skills
Currently, there are two main procedures in the 
English-speaking world for assessing prosody: the 
prosody-voice screening profile (PVSP) and the pro-
filing elements of prosody in speech–communica-
tion (PEPS-C). The PVSP assesses expressive but not 
receptive prosodic ability by sampling spontaneous 
speech. Phrasing, rate, stress, pitch, loudness, and 
vocal quality are transcribed and judged for appropri-
ateness. It is suitable for use with children and adults 
and has normative data. 

The PEPS-C, also suitable for both children and 
adults, assesses both receptive and expressive ability 
and has limited normative data. Receptive tasks offer 
minimal pairs of utterances differentiated in their 
meaning only by prosody: Testees indicate their under-
standing by selecting a picture to match the meaning. 
In expressive tasks, picture stimuli elicit prosody to 
differentiate similar utterances. It also assesses audi-
tory discrimination and the ability to imitate prosody.

The PEPS-C has been the main instrument used 
for studying atypical prosodic development and has 
been translated into other languages such as Spanish, 
French, Dutch, and Norwegian.

Prosodic	Impairment
Unusual prosody is observed in some children. Most 
research concerning it is conducted with children 
older than 5. It usually co-occurs with other condi-
tions, such as Down syndrome, Williams syndrome, 
autism spectrum disorders, and specific language 
impairment; it is also apparent in children with 
cochlear implants. Atypical expressive prosody can 
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vary in its manifestation: It has been described as 
singsong or wooden in autism, while children with 
language impairment often show disrupted speech 
rhythm. Impairment in receptive prosody skills is less 
noticeable.

Functional magnetic resonance imaging studies 
indicate that prosody may be processed atypically 
in children with autism spectrum disorders and in 
children with specific language impairment. Atypical 
neurological processing of prosody, which may derive 
from genetic factors or brain damage in gestation, is 
likely to affect the development of language and social 
and interactional skills as well as result in unusual 
expressive prosody and a reduced ability to interpret 
prosodic signals in speech. 

Assessing receptive and expressive prosody impair-
ment is problematic because of the interaction of 
prosody with language skills, which is also affected in 
most of the children with the above conditions. In chil-
dren with specific language impairment, for example, 
it is hard to determine whether there is a specific pro-
sodic disorder or whether disrupted speech rhythm is 
entirely occasioned by the omission of small function 
words: These are typically unstressed, and their omis-
sion leads to the juxtaposition of stressed syllables, 
which produces an effect of equal stressing in speech, 
not characteristic of stress-timed languages. Children 
with Down syndrome have difficulty with articula-
tion, apparently due to anatomical abnormalities, 
and their unusual prosody (particularly the ability to 
vary pitch range according to emotion) results mainly 
from reduced motor planning skills.

One study showed that, compared with age-
matched controls, 8-year-old children with language 
impairment had significant difficulty in using and 
interpreting intonation appropriately to take con-
versational turns, compared to typical controls. They 
also had significant difficulty interpreting prosodic 
features to decide where stress was placed and in 
discriminating between utterances that differed on 
purely prosodic features (pitch, timing, and pauses). 
The latter finding suggests that there might be a prob-
lem at a basic auditory processing level; however, this 
was not apparent when the same children tried a simi-
lar task involving intonation contours to signal liking 
and disliking. 

Other studies have also shown a mixed picture but 
in general have shown that children with language 
impairment have difficulty with tasks involving recep-
tive prosody skills. Problems with expressive prosody 

have been harder to quantify, but some language-
impaired children show a preference for locating the 
main stress of the utterance on its final word, as in 
the case of very young children, and have difficulty in 
imitating prosody precisely. 

Children with Williams syndrome show an uneven 
neurocognitive profile, and it has been thought that 
their prosody, which has typical variation in pitch 
range from a phonetic perspective, is one of their pre-
served skills. Systematic assessment suggests, however, 
that this variation in pitch range is not used in the 
usual way to express emotions and that their receptive 
and expressive prosody skills, particularly those con-
cerned with phrasing and focus, develop more slowly 
than those of neurotypical children.

The prosodic skills of children with autism spec-
trum disorders have been the subject of several studies, 
mostly involving children with Asperger syndrome. 
Prosodic deficit does, however, appear to correlate 
with the degree of autism. The ability to express and 
interpret affective intonation seems most affected. 
There is also difficulty in manipulating accent for 
appropriate focus, manifesting as a tendency to place 
stress early in an utterance; this contrasts with the ten-
dency of very young children and children with spe-
cific language impairment to place stress late.

Sue Peppé
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Bill Wells
University of Sheffield
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Speech	Sounds,		
Articulation	of
During the first 5 to 6 years of life, children develop the 
ability to produce most of the consonants and vow-
els of their ambient language within words, sentences, 
and conversation. Children also learn to articulate 
speech sounds within the confines of the phonotactics 
of their ambient language, that is, the rules that govern 
the combinations of speech sounds. Most languages 
require children to master the production of conso-
nants in different syllable and word positions (i.e., 
word initial, within word, and word final), in conso-
nant clusters (i.e., two or more consonants produced 
together at the beginning and end of the word, such 
as in the word plant), and in polysyllabic words (i.e., 
words of two or more syllables such as hippopotamus). 
For some languages, the development of speech sounds 
may also include acquisition of contrastive tones (e.g., 
Cantonese or Norwegian). According to psycholin-
guistic theory, acquisition of speech sounds requires 
the ability to discriminate and perceive speech, store 
phonological and semantic representations of speech, 
plan and enact motor programs, and execute the artic-
ulatory (motoric) gestures required to produce intelli-
gible speech. The ability to produce intelligible speech 
is the outcome of mastery of the articulation of speech 

sounds in concert with the mastery of prosody (stress, 
intonation, pausing, and fluency), language (seman-
tics, morphology, and syntax), and pragmatic skills.

Consonants	and	Vowels
Each consonant and vowel is produced with a different 
configuration of the oromusculature (e.g., lips, tongue, 
palate, and larynx). For example, the consonant /s/ is 
produced by the tongue making horseshoe-shaped 
contact with the palate along the margins of the upper 
teeth. The sibilance of the /s/ is created by making a 
narrow central groove of the tongue, so air can escape. 
While producing /s/, the soft palate (velum) contacts 
the pharynx to form a seal to prevent air from escap-
ing through the nose, and the larynx is in the open 
position to ensure a voiceless sound is produced. The 
International Phonetic Association provides a symbol 
for each of the world’s consonants and nomenclature 
to describe the voicing, place, and manner of articu-
lation. Consonants can be voiceless or voiced. The 
places of articulation are: bilabial, labiodental, dental, 
alveolar, postalveolar, retroflex, palatal, velar, uvular, 
pharyngeal, and glottal. The manners of articulation 
for pulmonic consonants are: plosive, nasal, trill, tap 
or flap, fricative, lateral fricative, approximant, lateral 
approximant, and affricate. Manners of articulation 
for nonpulmonic consonants are clicks, voiced implo-
sives, and ejectives. For example, /s/ can be described 
as a voiceless alveolar fricative. Vowels in the world’s 
languages have been described by the International 
Phonetic Association using terms for advancement 
(front, central, or back), height (close, mid, or open), 
and rounding (rounded or unrounded). Other terms 
for describing features of vowels are tenseness (tense, 
lax, or neutral) and nasality (nasal or oral).

English will be used as an example to demonstrate 
the phonological inventory of a language by applying 
the International Phonetic Association nomenclature. 
English consonants can be voiceless (e.g., /p, t, k, f, 
s/) or voiced (e.g., /b, d, g, m, n, v, z, l/). The places 
of articulation for English consonants are: bilabial /p, 
b/, labiodental /f, v/, dental /θ, ð/ (voiced and voice-
less th), labial–velar /w/, alveolar /t, d, s, z, , l/, post-
alveoloar /∫, / (sh or zh), velar /k, g, ŋ/ (k, g, or ng), 
or glottal /h/. The manners of articulation for English 
consonants are: plosive/stop /p, b, t, d, k, g/, nasal /m, 
n, ŋ/, fricative /f, v, θ, ð, s, z, ∫, , h/, approximant /w, ,
j/ (w, r, or y), labial approximant /l/, and affricate /t∫, 
d/ (ch and j). English vowels differ according to dia-
lect; however, they include front, central, back, close, 
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mid, open, rounded, and unrounded vowels. Rhotic 
vowels are included in General American English, 
Scottish, and Irish dialects of English.

Factors	Influencing	Children’s	Speech		
Sound	Acquisition
Changes in the development of children’s neurologi-
cal, oromusculature, respiratory, and laryngeal systems 
have an impact on children’s ability to articulate speech 
sounds. During the first months of life, the major func-
tions of the oromusculature mechanism are nutritive 
sucking, swallowing, and breathing. Children’s earliest 
vocalizations (crying) are made by forcing air through 
the larynx with an open oral cavity and then out an 
open mouth. Proto-vowels, or vowel-like sounds, are 
among the first speech sounds produced by infants. 
Gradually, infants’ cooing incorporates a variety of 
vowels. Children’s developing control of their jaw 
movements is related to production of the consonants 
in children’s early babbling and reflects what Barbara 
Davis and Peter MacNeilage termed rhythmic mandib-
ular oscillation. Children’s babbling includes redupli-
cated (e.g., /dada/) and variegated (e.g., /bada/) forms. 
Transition to intentional word use is motivated by 
production practice and communicative use of these 
babbled forms. In typically developing children, the 
combination of early gestures and vocalization signals 
the transition to early word use. Marilyn Vihman and 
colleagues proposed that phonological word templates 
are used by young children to learn new words.

Stephanie Stokes and Dinoj Surendran provided 
cross-linguistic evidence of additional factors that 
influence the order of acquisition and accuracy of 
production including: input frequency (the occur-
rence of the speech sound in the language), functional 
load (how often a speech sound contrasts with other 
phonemes in the language), and articulatory com-
plexity. Raymond Kent proposed a four-level scale of 
articulatory complexity for English consonants: 

Level 1: [p, m, n, w, h]
Level 2: [b, d, k, g, f, j]
Level 3: [t, , l]
Level 4: [s, z, ∫, , t∫, d, v, θ, ð]

The refinement of lip and tongue movement con-
tinues for many years as children learn to articulate 
the consonants and vowels of their ambient language. 
The loss of deciduous teeth at approximately 6 years 
of age may temporarily impact children’s ability to 

articulate speech sounds (e.g., /s, z/) until their per-
manent dentition is in place. Children’s neurological, 
oromusculature, respiratory, and laryngeal systems 
continue to mature until age 17 or 18.

Studies	of	Children’s	Speech	Sound	Acquisition
Three main research methods have been employed 
to study children’s speech sound development: case 
(diary) studies, large-scale cross-sectional studies, and 
longitudinal studies, with some studies combining 
approaches. Typically, researchers using diary studies 
examine development of speech of a small number of 
children through naturalistic conversational speech 
samples. Researchers employing cross-sectional stud-
ies examine different children at different ages at one 
point in time, primarily using single-word speech 
sampling. Researchers using longitudinal studies 
examine the speech of a group of children over time 
and have relied on single-word speech sampling as 
well as connected speech sampling.

There are two major speech sample analyses. First, 
independent analyses document inventories of con-
sonants and vowels regardless of the intended adult-
like target, and second, relational analyses compare 
children’s productions to the ambient language. Rela-
tional analyses include the age of acquisition of con-
sonants and vowels, percentage of consonants cor-
rect, and whole-word measures such as phonological 
mean length of utterance. Relational analyses also can 
include categorization of the nonadult forms that 
children produce en route to mastering adult produc-
tions. Phonological processes (or phonological pat-
terns) are one method for categorizing the systematic 
nonadult productions. The largest cross-sectional 
normative studies in the world have been undertaken 
in Hungary (n = 7,602), Australia (n = 1,756), Hong 
Kong (n = 1,726), and Japan (n = 1,689). The largest 
and commonly cited cross-sectional study of Ameri-
can English was reported by Ann Bosma Smit and col-
leagues. They studied 997 children age 3 to 9 years and 
documented that the following consonants were pro-
duced by 75 percent of females and males prior to 3 
years: /m, n, h, w, p, b, t, d, k, g/. The latest consonants 
to appear (by 75 percent of females and males between 
5 and 6) were: /ŋ/ ng, /θ, ð/ voiceless and voiced th, /z/, 
and / / r. The remaining consonants generally were 
acquired between 3 and 4 years, 6 months.

A frequently cited study of speech sound devel-
opment is by Lawrence Shriberg, who with col-
leagues, examined a group of 64 3- to 6-year-old 
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speech-delayed children and divided the 24 English 
consonants into three groups of eight sounds based 
on the percentage of consonants correct within con-
tinuous speech:

Early eight: /m, b, j, n, w, d, p, h/
Middle eight: /t, ŋ, k, g, f, v, t∫, d/
Late eight: /∫, θ, s, z, ð, l, , /

Speech–language pathologists frequently address 
middle- and late-eight consonants during interven-
tion for children with speech sound disorders.

Many studies that document children’s speech 
acquisition provide information on the percentage 
of consonants correct. In English, 2-year-old children 
are likely to produce approximately 70 percent of 
consonants correctly; whereas 5-year-old children are 
likely to produce more than 90 percent of consonants 
correctly. English-speaking children’s production of 
consonant clusters begins after their second birth-
day; however, at this age, most consonant clusters are 
not the same as the ambient language (e.g., /bl/ often 
is produced as [bw]). Mastery of consonant-cluster 
production extends beyond 7 years of age. Similarly, 
acquisition of polysyllabic word production extends 
through childhood. Deborah James and colleagues 
documented a five-stage model of the acquisition of 
polysyllabic words:

 
• Stage 1: production of stressed syllables 

(1 year–2 years, 3 months)
• Stage 2: production of all syllables and pros-

ody (2 years, 4 months–3 years, 11 months)
• Stage 3: production of syllables and pho-

nemes with dysprosody (e.g., stressed pro-
duction of unstressed syllables) (4 years– 
6 years, 11 months)

• Stage 4: production of syllables, phonemes, 
and prosody (7 years–10 years, 11 months)

• Stage 5: adultlike production (more than 
11 years)

Studies of English vowel acquisition typically show 
that most vowels are mastered by 3-year-old chil-
dren within monosyllabic word contexts (e.g., moon 
/mun/); however, children do not typically master 
vowel length within polysyllabic words until they are 
7 to 9 years old. Children have particular difficulty 
producing the schwa vowel within weak syllables (e.g., 
the first vowel in computer).

In recent years, more attention has been paid to 
cross-linguistic and multilingual understandings 
of speech sound acquisition. While there are some 
differences in monolingual speech sound acquisi-
tion among different languages around the world, 
there are many similarities. For example, the largest 
study of the acquisition of Hong Kong Cantonese 
was undertaken by Carol Kit Sum To and colleagues. 
They studied 1,726 children age 2 years, 4 months, 
to 11 years, 7 months, and documented that all  
19 word-initial consonants were acquired by age 6 
(90 percent criterion), with most being acquired 
between 2 years, 6 months, to 4 years, 6 months. 
Vowels were acquired by 5 years, diphthongs by  
4 years, and all nine tones were acquired by 2 years, 
6 months. Helen Hambly and colleagues under-
took a systematic review of 66 studies that exam-
ined the contribution of bilingualism to children’s 
speech acquisition and found limited evidence to 
suggest that bilingual children develop speech at a 
slower rate than their monolingual peers; however, 
there was evidence for qualitative differences and 
increased variation in speech production.

To summarize, children’s acquisition of speech 
sounds (consonant, vowels, and tones) begins in 
infancy and extends into middle childhood with refine-
ments particularly occurring in the production of con-
sonant clusters and polysyllabic words. Children’s abil-
ity to produce speech sounds is associated with their 
phonological awareness skills and emerging literacy.
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Speech	Variability		
(Infant	Accommodation	to)
When learning a language, infants must not only learn 
which features are specific to their language but also 
how to accommodate the vast amount of variability in 
speech. This variability occurs at many different levels. 
Segmental and suprasegmental phonology can vary 
across speakers depending on voice, identity (e.g., age, 
socioeconomic status, and ethnicity), dialect, accent, 
or idiosyncratic pronunciation of sound segments. 
For instance, at the segmental level, dialectal variation 
may lead a talker from one region to produce the word 

water with a [t], while a talker from a different region 
may use a [r] sound. Suprasegmental information may 
vary such that water produced by a talker desperate for 
water may be imbued with excitement, whereas the 
same word produced by a talker on an ocean liner may 
sound bored. Further, words, sounds, and intonation 
can also vary within speakers depending on differ-
ences in speaking rate. For example, in careful speech, 
the word probably typically has three syllables, but in 
rapid speech, it is often reduced to one or two (e.g., 
prolly). While vocal tract characteristics account for 
many differences in voice quality between speakers of 
different ages and sexes, this is clearly not the sole cause 
of variability, as very few differences highlighted above 
are of this sort. Speech is complex and multilayered, 
and sources of variability impact all levels of speech 
production. For example, variation in accent, dialect, 
and even idiolect can result in segmental differences 
(e.g., in voice onset time, vowel space, and vowel qual-
ity) and affect the realization of specific words and 
sentence-level intonation that may provide important 
cues to social identity. Thus, the infant must learn not 
only how to recognize that water is water regardless 
of the social identity of the talker but also to notice 
that variability can be a key social, geographical, and 
pragmatic marker.

While certain sources of variability may be helpful 
to adults in learning a second language (e.g., multiple 
talkers), research suggests that some sources are prob-
lematic for infants, who are just beginning to recog-
nize and learn their spoken language. This is because 
infants are not yet aware which sources of variability 
are linguistically relevant and which are not. This leads 
infants to initially encode and store fine acoustic–pho-
netic details about the words they hear, thus matching 
words that vary according to these details, even if these 
details are orthogonal to linguistic units. For example, 
infants’ word representations may include talker-spe-
cific information as well as information about linguis-
tic distinctions such as phonemes. Much research has 
examined the independent influences of variability in 
voice, affect, and accent on infants’ word recognition. 
D. M. Houston and P. W. Jusczyk examined the effects 
of voice variability on infant word recognition and 
found that 7½-month-olds were unable to recognize 
the same word across a male and a female talker. How-
ever, 10½-month-olds successfully accommodated 
such talker variability, suggesting that the ability to 
cope with variability improves in infancy. L. Singh and 
others investigated the effects of affect variability on 
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infants’ word recognition and found that 7½-month-
olds failed to recognize words when familiarized with 
one type of affect (e.g., happy) and then tested on a 
different type of affect (e.g., sad), even when the same 
talker produced the words. Once again, 10½-month-
olds successfully recognized across dissimilar instances 
of the same word, regardless of the affect in which the 
words are presented. Similarly, R. Schmale and others 
found that 9-month-olds could not recognize a word 
were produced by a native and a foreign-accented 
speaker, or a native and a regional-accented speaker, 
even when their voices were highly similar. But, older 
infants (this time 12- and 13-month-olds) demon-
strated more sophistication managing variability in 
dialect and foreign accent. Finally, C. T. Best and others 
found that 15-month-olds failed to show a preference 
for high-frequency familiar words in an unfamiliar 
regional accent, whereas 19-month-olds succeeded.

Infants’ encoding of detailed representations in 
word recognition also impacts their performance in 
word-learning tasks, where they must not only gen-
eralize a word across dissimilar instances but also pair 
form with meaning. Infants’ sensitivity to phonemic 
variability in word learning has been widely demon-
strated with a variety of different phonemic contrasts, 
whereby infants struggle to recognize words that are 
mispronounced by a single vowel or consonant. Infants 
also have difficulty accommodating subphonemic and 
suprasegmental variability in word learning. R. Schmale 
and others found that 24-month-olds failed to learn 
words when trained by a native talker and tested by a 
foreign-accented talker. But, similar to findings from 
word-recognition studies, the ability to accommodate 
variability in word learning appears to improve in 
infancy. R. Schmale and others found that 30-month-
olds successfully generalized newly learned words 
across talkers with different accents, and C. Quam and 
D. Swingley found that 30-month-olds could disregard 
irrelevant pitch variation to learn a new word.

While variability impacts infants’ ability to rec-
ognize and learn new words, variability can also aid 
learners. This is certainly the case for adults, as second 
language learners learn better with variable input. 
And, this may also be the case for young infants. In 
a series of studies, G. Rost and B. McMurray found 
that infants’ ability to learn similar-sounding words 
increased when variability was added to the signal. 
Moreover, accent exposure facilitates subsequent 
accent accommodation. K. S. White and R. N. Aslin 
found that 19-month-olds adapted to a phonemic 

change in a novel accent when given prior exposure 
to that change. This adaptation may be particularly 
true when the variability is familiar to the listener. 
Similarly, R. Schmale and others found that following 
two minutes of foreign-accent exposure, 24-month-
olds successfully learned words across a native and a 
foreign-accented talker (a task in which they had pre-
viously failed). Thus, variability may be helpful. The 
difficulty for young infants may be in learning to sep-
arate phonemic variability (relevant to word identity) 
from other sources of variability that are not relevant 
to word identity. This ability may increase with age, as 
noted above, but may also vary with experience and 
task. Once this separation is accomplished, however, 
variability may be as helpful to the infant learner as it 
is to the second-language learning adult.
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Spelling
To participate fully in a modern society, children must 
learn to use written as well as spoken language. Spell-
ing is one of the many skills that contribute to being 
an effective writer. Although formal literacy instruc-
tion starts around the age of 6 in many societies, chil-
dren begin to learn about some of the basic character-
istics of written words well before this. At a young age, 
therefore, children may produce spellings that look 
somewhat like the words of their language but that do 
not use letters to represent sounds in a systematic way. 
As children learn that written symbols stand for units 
of language, they make predictable spelling mistakes. 
In languages with complex writing systems, becoming 
a good speller is a long process. Learning to spell ben-
efits reading as well as writing and deepens children’s 
knowledge about their language.

Spoken language is an important method of com-
munication, but it fades quickly. People have devel-
oped various ways of making language last by put-
ting it into a visual form. This entry concentrates on 
alphabetic writing, which maps onto spoken language 
at the level of individual sounds or phonemes. In 
some alphabetic writing systems, including those of 
Spanish and Finnish, a particular phoneme is almost 
always spelled in the same way across the words in 
which it occurs. In other systems, such as those of 
English and French, several alternative spellings are 
often available for the same sound. The choice among 
the alternatives may be influenced by the position of 
the sound in the word or syllable, the morphological 
structure of the word (whether it is one unit of mean-
ing, such as tax, or more than one, such as tacks), and 
other factors.

Children in modern, literate societies see many 
examples of written language inside and outside 
the home, and parents may point it out to them 
or talk with them about the letters that it contains. 

Correspondingly, these children begin learning about 
some of the characteristics of writing from an early age. 
Children as young as 2 or 3 years of age produce subtly 
different productions when asked to write their name, 
for example, and when asked to draw a self-portrait. 
The word may be smaller than the picture, and chil-
dren may use a black implement to produce the word 
and a colored one for the picture. During the course of 
the preschool years, children learn that written words 
are composed of letters. They begin to produce forms 
that look somewhat like the letters of their script when 
asked to write and, later, letters that are recognizable. 
According to Emilia Ferreiro and Ana Teberosky’s work 
with learners of Spanish, young children also learn that 
the same letter is not generally repeated multiple times 
within a word. Children’s written productions reflect 
this knowledge, even before the children use letters in a 
systematic way to represent sounds.

The first word that a child can spell is often the 
child’s own name. A preschooler who can write his or 
her name, however, may not know how the letters in 
the written name map onto the sounds in the spoken 
name. Given children’s familiarity with the letters in 
their own name, they may use these letters frequently, 
and often inappropriately, when attempting to write 
other words.

Before formal literacy instruction begins, some chil-
dren begin to invent spellings that reflect the sounds 
in the corresponding spoken words. Charles Read’s 
study of U.S. children’s invented spellings showed that 
children’s conceptions of the sounds in words do not 
always agree with those of adults. For example, chil-
dren may consider the nasal segment of a word like 
jump to be closely allied with the vowel and may there-
fore not use a separate letter to represent it. Rebecca 
Treiman and other researchers have found spellings 
such as jup for jump among young schoolchildren 
as well as among precocious spellers. Children also 
sometimes fail to spell the interior consonants of ini-
tial consonant clusters, as in sak for snack. Linnea Ehri 
has called spellings that represent some of the sounds 
in words but not others partial alphabetic spellings. 
The errors follow patterns; they are not random.

Children’s early spellings reflect not only their con-
ceptions of phonemes, or phonological awareness, 
but also their knowledge of letter names. For example, 
children who are familiar with the name of the letter 
o may write bone as bon. The letter o seems to them 
sufficient to represent the /o/ sound, and it takes some 
time for the children to learn that a final e is required. 
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As another example, children who are familiar with 
the name of the letter l may write tell as tl. Using the 
letter to represent both of the phonemes in its name 
allows children to circumvent the problem of analyz-
ing the /εl/ sequence into individual phonemes and 
representing each phoneme with a separate letter.

Even young spellers show some knowledge about 
the positions in which particular letters and groups 
of letters may occur in the words of their language. In 
a study by Rebecca Treiman, for example, U.S. first-
graders (about 6 years old) were more likely to use 
ck in the middle or at the end of a word, positions 
in which it may occur in English, than at the begin-
ning of a word. Findings of this sort indicate that early 
spelling is not purely phonological in nature.

Children gradually learn how their writing sys-
tem classifies sounds, such as the nasal segment of a 
word like jump. They learn that consonant clusters at 
the beginnings of words must be separated for spell-
ing purposes. Their spellings become more conven-
tional, and they become able to represent all of the 
sounds in spoken words or to produce fully alpha-
betic spellings. In turn, learning the conventional 
spellings of words affects children’s conceptions of 
spoken language.

It takes more time to become a good speller of 
a language such as English, where many phonemes 
have more than one possible spelling, than a language 
such as Spanish, where this is not the case. Learners 
of English may produce errors in which they substi-
tute one spelling of a sound for another, as in buk for 
book (u is used to spell this same vowel in words like 
put). Fortunately for children, even complex writ-
ing systems have patterns that can be used to help to 
choose among alternative spellings. In English, for 
example, the ee spelling of /i/ is relatively common 
before d and p, as in deed and deep. The ea spell-
ing of this sound is more common before several 
other consonants, such as the m of steam. Accord-
ing to work reviewed by Brett Kessler, children begin 
to learn about such conditional or context-depen-
dent patterns during the course of primary school. 
They do this even when the patterns are not explic-
itly taught to them. These findings show that chil-
dren use their statistical learning skills in learning 
about spelling, as in learning about spoken language. 
Learning to spell is not purely a process of rote visual 
memorization.

Some letters of some words in complex writing sys-
tems, such as the ie of friend, fail to follow any patterns 

that go beyond that specific word. These present trou-
ble spots for spelling. Most letters of most words fol-
low patterns, however. Researchers sometimes divide 
words into exceptional and regular categories, but the 
division is not clear-cut. Many of the letters in so-
called exception words such as friend are phonologi-
cally well motivated.

In some languages, the spellings of words reflect 
not just their phonological structure but also their 
morphology and their etymology. For example, the 
English past-tense morpheme is spelled as ed whether 
it is pronounced as /t/, /d/, or /әd/. As another exam-
ple, the spelling of the root word magic is retained in 
magician, even though the pronunciation changes. 
For such languages, learning to spell draws on knowl-
edge about morphology. Learning to spell educates 
children about their language, for example, alerting 
them to relationships among words that they might 
not otherwise have noticed.

A tension in education involves the degree to which 
children’s invented spellings should be accepted, or 
even celebrated, versus the extent to which conven-
tional spelling should be stressed. Educators who 
adopt a whole-language approach see invented spell-
ing as a sign of children’s linguistic creativity and 
believe that premature stress on the production of 
conventional spellings is not appropriate. They argue 
that, given the existence of spell-checkers, conven-
tional spelling is no longer as important as it once was. 
Those who take the opposite position maintain that 
correct spelling is not just a meaningless convention. 
Having a single agreed-upon spelling for each word 
facilitates communication. Moreover, children must 
have a certain amount of spelling knowledge in order 
to produce a spelling that is recognizable to a spell-
checker and in order to choose among the alternatives 
that it suggests. Once spelling and handwriting have 
become automatic, it is argued, mental resources are 
freed for other aspects of writing, such as planning 
and sentence formulation.

Another controversial issue is whether children 
should be explicitly taught about spelling or whether 
they pick it up implicitly, through exposure to words 
while reading. Research shows that children learn 
some things about spelling through reading but that 
explicit instruction speeds the process. Moreover, 
learning to spell words helps children to read them. 
Given this, it has been argued that spelling should 
receive more emphasis in classrooms than it currently 
does in many schools.
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One method of explicit teaching about spelling is 
phonics, which focuses on rules that link sounds and 
letters. Research shows that literacy instruction that 
includes phonics leads to better results in spelling 
and reading than instruction that does not. Phonics 
instruction generally focuses on links from spellings 
to sounds, assuming that children will transfer what 
they know about the reading (spelling-to-sound) 
direction to the spelling (sound-to-spelling) direc-
tion. However, this is not always the case. A further 
limitation of phonics instruction is that it does not 
cover many of the context-dependent patterns of 
complex writing systems.

Another method of teaching spelling centers on the 
rote memorization of words’ spellings. Even though 
research shows that learning to spell involves much 
more than rote memorization, the idea of spelling as 
memorization continues to influence spelling instruc-
tion. For example, U. S. primary school students may 
receive a list of words on Monday and may be directed 
to memorize these words for a Friday test. The words 
may not share spelling patterns or sound patterns. 
Even if they do, the patterns may not be pointed out 
to the students.

Within a classroom, some children are better spell-
ers than others. Difficulties with spelling have been 
linked to poor instruction and to difficulties with 
phonological and morphological awareness. Children 
with developmental dyslexia usually have extremely 
poor spelling skills. The mistakes that they make, how-
ever, are quite similar to those of typically developing 
younger children. The spelling errors of dyslexic chil-
dren reveal difficulties with the same linguistic struc-
tures that are problematic for typical beginning spell-
ers, such as consonant clusters.

A child who is learning to spell in a second language 
may make errors that reflect the rules and patterns of 
the spelling system of the first language. Other spelling 
errors may reflect a lack of mastery of the phonology 
of the second language. Thus, the spelling of children 
who are learning a language as a second language may 
differ, in some respects, from the spelling of children 
who are learning the language as their first language.

Rebecca Treiman
Washington University
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Spoken	Word	Recognition
Spoken word recognition refers to the ability to recog-
nize an acoustic form that constitutes a word, whether 
in isolation or in continuous speech. In more mature 
language processing, this includes accessing seman-
tic information about the word. In initial language 
learning, however, this ability is generally thought to 
be based on the familiar auditory form alone, not its 
attendant meaning. To learn a language, an infant has 
to learn the individual words that constitute that lan-
guage. In other words, an infant has to learn which 
sound patterns go with which meanings. The first 
step in this process is learning which auditory objects 
are words. 

An infant’s prior experience with spoken words is 
what establishes the familiarity of an auditory object 
(or word familiarity). This familiarity is what the 
infant brings to the perceptual process. The emer-
gence of a mental lexicon influences how acoustic 
stimuli are processed (e.g., as words with meaning). 
However, preverbal infants—who do not yet have a 
mental lexicon—must initially recognize words based 
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on acoustic form alone. Through the influence of their 
unique language experience, infants begin to develop 
coherent representations of the acoustic patterns of 
strings of sounds. This is what is meant by spoken 
word recognition. It is the basis for subsequent lan-
guage development.

Sources	of	Variability
Learning to recognize spoken words is quite a difficult 
task. Infants are exposed to words that vary phoneti-
cally and acoustically across a broad range of pho-
nological, syntactic, and discourse contexts. Other 
features of language vary with changes in speaker 
identity and affect. Adding to this already substantial 
challenge, infants must learn to group independent 
instances of a word (i.e., word tokens) into single cat-
egories (i.e., word types) and to do this at the moment 
the utterance occurs in a given language context.

This task is complicated by the fact that most speech 
contains multiple words, concatenated together into 
sentences. Acoustically, pauses or spaces are near to 
none between words in such running speech. Through 
a process called coarticulation, in which the acoustic 
realization of one word uniquely shapes that of the 
next word (and often vice versa), running speech phys-
ically looks very much like a single, very long word. 
This aspect of spoken language presents a problem: 
If an infant does not yet have mental representations 
of words, how does he or she recognize individual 
words at all, much less in a stream of running speech? 
To understand what kind of information infants are 
learning about the sound patterns of words, research-
ers have used a testing procedure (referred to as the 
head-turn preference procedure) in which infants are 
familiarized with items and then tested on those items, 
along with new items that were not part of the famil-
iarization stimuli. Based on this approach, research-
ers can examine how much information infants have 
perceived about the sound patterns of the words with 
which they were initially familiarized. The amount of 
time that infants orient, or look, toward the differ-
ent samples of speech at test serves as the dependent 
measure. In particular, this procedure allows research-
ers to familiarize infants with single words and to test 
them with those words in running speech (compared 
to unfamiliar words in running speech). The reverse 
is also possible (e.g., one can familiarize infants with 
specific words in running speech and test them with 
repetitions of those words in isolation). One can also 
familiarize and test infants with isolated words.

Based on this approach, much has been learned 
about the nature of infants’ early lexical represen-
tations and, thus, the properties of the input that 
facilitate or hinder word recognition. In the initial 
instantiation of this procedure, 7½-month-olds 
were familiarized with a pair of isolated words, such 
as feet and bike (or cup and dog). The infants listened 
to each word for about 30 seconds. Then, the same 
infants heard four different, six-sentence passages. 
The word feet occurred in each sentence of one of 
the passages, and the word bike occurred in each sen-
tence of another. The remaining two passages each 
also contained a repeated word (cup and dog). The 
infants listened significantly longer to the passages 
that contained the familiarized words, suggesting 
that they detected those words in the utterances at 
test. This was the first indication that infants this 
young have some ability to segment words in con-
nected speech. The same researchers then examined 
whether, once infants were familiarized with a word 
like cup, they were able to distinguish it from a very 
similar-sounding word like cut. Indeed, this was 
the case. Infants who were familiarized with a word 
like cut (instead of cup), did not subsequently listen 
longer to a passage containing cup than they did to 
passages containing other unfamiliar words, dem-
onstrating that they had surprisingly precise and 
detailed representations of the words with which 
they had been familiarized initially.

Given these early findings, many more stud-
ies were conducted to establish the limits of infant 
word representation. These have shown that infants’ 
word recognition can be disrupted by changes in 
speech dimensions that would be lexically irrelevant 
to adults. For example, in one study, 7½-month-olds 
were familiarized with a pair of words, such as cup 
and dog, produced by one talker and then tested on 
passages with and without those words produced by 
a different talker. The infants showed limited ability 
to generalize from speech produced by one talker to 
that of another. Specifically, they generalized in cases 
in which the talkers were of the same gender (i.e., 
either two females or two males); however, they did 
not generalize from a female voice to a male voice 
or vice versa. On the other hand, older infants (e.g., 
10½-month-olds) were able to generalize when the 
familiarization words were produced by a female and 
the test passages were produced by a male (or vice 
versa). Thus, when infants are first beginning to seg-
ment words from speech, their ability to deal with 
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typically encountered acoustic variation (e.g., differ-
ent talker’s productions of the same words) is quite a 
bit more limited than that of adults.

Likewise, infants’ memory for the sound patterns 
of specific words is fragile. For example, infants famil-
iarized with a pair of words (e.g., feet and bike) and 
then tested only the following day on the four pas-
sages (two with the familiarized words and two with 
unfamiliar words) appeared to remember at least 
some information about the sound patterns that they 
had heard the day before. When the same speaker 
produced the words from familiarization to test, the 
infants listened longer to the passages containing the 
words with which they had been familiarized. How-
ever, they did not generalize between words produced 
by one talker on the first day to the same words pro-
duced by a different talker (even a talker of the same 
gender) on the second day. These results highlight the 
fragile nature of infants’ early lexical representations. 
Subsequent studies have shown that emerging word 
recognition can be disrupted by additional changes in 
other dimensions, beyond talker gender, that likewise 
would be lexically irrelevant to adults. These include 
things like speaker affect, pitch, and various forms of 
stress (e.g., lexical, and emphatic or nonemphatic).

The	Interaction	of	Familiarity	and	Salience
Given the accrual of evidence of the many factors 
influencing infants’ development of spoken word rec-
ognition, both positively and negatively, it is impor-
tant to ground the remaining discussion of this issue 
in two auditory features that help infants establish 
word recognition: familiarity and salience. Findings 
on the influence of these two features reveal that 
they are key parameters in infants’ emerging recogni-
tion of acoustic structure in speech. Recent findings 
on the influence of both familiarity and salience on 
infant auditory processing reveal that they each sup-
port infants’ ability to find structure in the auditory 
signal. Each will be explored here, with a look at how 
these two features are inherently related and what this 
means for early word learning.

From the point at which researchers began the 
formal study of early language development, they 
noted the high frequency of exact and periphrastic 
repetitions of phrases and sentences directed toward 
children. Necessarily, the individual words contained 
in these phrases and sentences are repeated as well. 
In addition to speech quality, quantity of exposure 
has emerged as a key factor in the language learning 

process. Interestingly, quantity is something that was 
long taken for granted as a relative constant. In a sem-
inal study, however, it was demonstrated that the raw 
number of words children hear varies enormously as 
a function of a family’s socioeconomic status, with 
average-income families producing up to double the 
number of words that are produced by lower-income 
families. This led to the (then provocative) suggestion 
that such differences in frequency of exposure might 
underlie the reliable differences in literacy outcomes 
observed as children from these families enter and 
proceed through formal education.

A wealth of research conducted since this initial 
study on speech quantity has shown that the amount 
of language that infants and young children are 
exposed to before the age of 3 is, indeed, positively 
correlated with ensuing language-production skills 
and cognitive development more generally. This is 
often mediated by socioeconomic status. Thus, it 
stands to reason that the amount of language that 
infants experience—even during the earliest stages of 
postnatal life—should affect the acquisition process. 
Experimental evidence supports this. In particular, a 
growing body of evidence shows that variability in the 
acoustic instantiation of words during familiarization 
leads to better performance by infants at test than low 
variability. To understand why this may be, it helps to 
understand that particular aspects of language struc-
ture are consistent across languages. In recent years, 
researchers have demonstrated that infants are highly 
sensitive to such structure, particularly when they 
have ample amounts of it around them from which 
to extract structural regularities. Much of this is in the 
form of infant-directed speech.

At this juncture, it is important to acknowledge 
the influence of the characteristic prosody of speech 
directed at infants (henceforth, infant-directed 
speech, or IDS). The prosodic features of IDS moti-
vate infants to attend to it because the speech is quite 
salient in nature. Salience can be conceived of as those 
physical characteristics inherent to the stimulus itself 
that make it salient. Of course, acoustic salience is a 
construct that is based on factors external to the lan-
guage learner, but it can have the effect of making 
that item familiar, a construct that is internal to the 
language learner. Speech directed to infants generally 
consists of patterns of exaggerated pitch and rhythm. 
Indeed, infants prefer it to adult-directed speech. 
Infants’ preference for IDS is well established. Early 
demonstrations along these lines typically relied on a 
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visual-fixation procedure to establish whether infants 
preferred to listen to infant-directed over adult-
directed speech (ADS). For example, in a test of new-
borns and 12-month-olds, results indicated that both 
the newborns and the 12-month-olds demonstrated 
increased visual fixation during IDS trials, suggesting 
a preference for IDS over ADS.

Despite infants’ general preference for IDS, their 
preference for specific affective content within this 
form is not constant and has been demonstrated to shift 
during the first year. For example, 3-month-olds were 
found to prefer IDS that was pre-rated as soothing or 
comforting, 6-month-olds preferred IDS pre-rated as 
approving, and 9-month-olds preferred directive affec-
tive speech, a type of speech indicating that the infant 
should behave in a certain manner. This developmen-
tal shift in affective preference suggests that infants and 
caretakers influence one another over the course of the 
infant’s first year in determining which type of speech 
will be most salient for the infant; caregivers are more 
likely to use a particular affective tone if the child is 
more likely to attend to it. Presumably, this facilitates 
word recognition and thus language learning because it 
promotes the mutual give-and-take that is the basis for 
communication in general.

If IDS is caregivers’ way of making speech salient to 
infants, when does familiarity begin to play a role in 
their processing of the speech stream? As infants hear 
more and more IDS, it should become a familiar audi-
tory form, both in terms of its general prosodic struc-
ture and, perhaps, in terms of the particular words it 
most frequently contains (e.g., an infant’s own name). 
Indeed, familiarity can be derived from salience, as 
previous researchers have hypothesized based on the 
observation that the hallmarks of IDS are, among other 
things, simple utterances and redundancy. While both 
of these characteristics increase the overall salience 
of this form of speech, such salience also provides a 
scaffold for word learning by highlighting particular 
forms within the acoustic stream. Eventually, those 
forms become familiar, thus facilitating additional 
structural learning. Support for this view comes from 
a study designed to investigate developmental differ-
ences in infants’ preference for different aspects of IDS, 
in which 6-month-old infants were found to prefer the 
repetitive structure rather than their earlier preference 
for its prosodic elements. This shift in preference from 
the prosodic elements to the repetitive elements may 
be an indication of when infants transition from pro-
cessing the general characteristics of the speech stream 

to recognizing components (i.e., words) within it. Such 
a view is consistent with findings showing that infants 
discriminate among words relatively early in life.

Universal	Cues	to	Structure
Furthermore, while prosodic form varies across lan-
guages, the infant-directedness of mothers’ speech to 
infants does not. This prosodic structure helps infants 
separate continuous speech into smaller chunks. 
Young learners can then use a variety of distributional 
strategies to pull words out of the chunks them-
selves. The simplest example of this is that a priori 
knowledge of certain high-frequency words (e.g., the 
infant’s own name) can help further delineate where 
other words begin and end. In other words, while 
prosodic organization of speech provides initial edges 
in otherwise continuous speech, continued exposure 
to the regular patterns within the smaller chunks of 
speech those edges create allows infants to break them 
down further into individual words. This does, in fact, 
appear to be the case, as a wealth of recent evidence 
has highlighted different forms of structural informa-
tion that help infants pull the speech signal apart.

One form of acoustic structure that may help 
infants establish the ability to recognize spoken 
words in any context is the distributional informa-
tion inherent in the words themselves. In an impor-
tant early study, infants were exposed to artificial 
languages that were synthesized so that there were 
no acoustic cues to word boundaries and no silences 
between syllables. The languages consisted of concat-
enated strings of trisyllabic nonsense words. Despite 
having no acoustic cues to guide the segmentation 
process, infants were able to distinguish between the 
languages’ words (consistent trisyllabic strings) and 
part words (in this case, trisyllables created by pairing 
the syllable from the end of one word with the first 
two syllables of another) when these subsequently 
were presented to them in isolation. The researchers 
argued that the only way infants could distinguish 
words from nonwords in these experiments was on 
the basis of the statistical coherence between syllables 
of words as compared to the lack of statistical coher-
ence between nonword syllables. Although words 
occurred more frequently than part words in the 
original experiment, these researchers subsequently 
demonstrated that infants’ ability was not simply a 
function of frequency. Rather, infants discriminated 
words from part words on the basis of differences in 
their transitional probabilities (that is, the odds that 
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one syllable would follow another) because the tran-
sitional probabilities are higher between syllables that 
are part of the same word and thus consistently occur 
together relative to those between nonword syllables 
of adjacent words.

The original research on this matter employed 
speech stimuli with nothing but statistical form, a 
design feature that was necessary to establish that 
infants can segment speech on the basis of statistical 
cues alone. More recently, researchers set out to deter-
mine whether the preference for IDS over ADS serves 
an infant’s learning needs, particularly in the language 
domain. Using a familiarization test procedure, these 
researchers found that 6- to 8-month-old infants were 
better able to segment statistically instantiated items 
out of a stream of speech when they had originally 
been presented in IDS. This suggests that, not only 
do infants prefer IDS, but the salient characteristics 
of this form of speech help them recognize individual 
items within running speech. Subsequent research 
has demonstrated that statistical structure interacts 
with a variety of other cues to structure, such as the 
prosodic contours inherent in IDS. While a review 
of the details of this more recent research is beyond 
the scope of this entry, suffice it to say that infants are 
learning about language based on the interaction of 
word frequency, the structural distributions within 
and between the words they hear, and the acoustic 
cues that highlight which words go together. It follows 
that, the more speech an infant hears, the more likely 
he or she will be able to use all these things as a guide 
to learning language.

Quality	and	Quantity:	Both	Matter
Consistent with the quantity argument outlined ear-
lier, there is now substantial evidence that early differ-
ences in the amount of speech children are exposed 
to influences language ability in subsequent years of 
life. Indeed, researchers have returned to the rather 
obvious conclusion that language begins with simple 
exposure (and lots of it), inspiring a new generation 
of talk-to-your-children public service announce-
ments. This stands to reason. If structure is inherent 
in the signal, then exposure to more of that signal will 
provide the child with more instances of the same 
auditory forms (words) and better allow him or her to 
recognize them. Although it is not always clear which 
comes first, familiarity or salience, what is clear is that 
infants attend to input (both that which is salient 
and that which is frequent) and thereby develop 

representations that support subsequent recognition 
of spoken words.

Heather Bortfeld
University of Connecticut
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Spoken	Word	Retrieval	and	
Word-Finding	Difficulties
Basic to the use of spoken and written language is the 
seemingly simple task of retrieving words from mem-
ory. Word retrieval usually is a very fast and auto-
matic process and appears so simple that many of us 
only give the process some thought when we cannot 
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remember a particular word for an object, action, or 
event. However, some individuals have impairments 
with word retrieval that can involve a range of behav-
iors, including an inability to retrieve a word, retrieval 
of a related but incorrect word, slow retrieval and 
naming, the use of gap fillers such as um or err, and 
the use of circumlocutions (e.g., It looks like). Fur-
thermore, problems with word retrieval are associated 
with more general disabilities involving language and 
literacy. 

Measures	and	Assessments
It is useful to outline some of the ways in which word 
retrieval and word-finding difficulties (WFDs) have 
been identified. Whereas the different tasks and assess-
ments all involve naming, performance across tasks 
tends to be only moderately correlated, which suggests 
that the abilities needed to carry out each of the tasks 
are somewhat different.

The research on spoken word retrieval in children 
has relied of a limited set of methods to investigate and 
assess this capacity. Perhaps the most simple of these 
is discrete naming, when a child has to name a picture 
and then is shown another picture to name. Often, 
information is collected about the speed of naming 
each item and the number of errors. As one might 
expect, the speed of naming and the number of errors 
tend to decline with increasing age, and more frequent 
words tend to be named faster than less frequent words.

A related procedure is rapid automatized naming 
(RAN) or as it is sometimes termed serial naming. 
This involves naming five or six similar items (e.g., 
letters, colors, or digits), which are repeatedly and 
randomly presented in rows on a page to make up a 
set of 40 or more items. Children are asked to name 
the items as quickly as possible, with the speed of this 
process and the number of errors being recorded. 
This technique has been most often used in studies of 
literacy, and it is highly related to children’s ability to 
read (decoding). This relation is likely to be because 
both the RAN and reading involve the similar pro-
cesses of using information from a visual stimulus to 
retrieve a known word, although when reading, there 
are more clues from letters about the sound of a word 
than when naming RAN items, and the RAN may 
involve other processes such as inhibiting competing 
responses. There is a standardized assessment of RAN 
abilities (the RAN/RAS test), and tasks that are similar 
to the RAN are included in a number of test batteries 
of language and literacy abilities.

Another type of word-retrieval task commonly 
used with children is referred to as a fluency task. This 
involves asking children to name as many items in a 
category as possible; usually the categories concern 
objects (e.g., animals) or sounds (e.g., words begin-
ning with t). Usually, the total number of items, as 
well as any clustering of the items, is recorded. Flu-
ency tasks are often included in standardized tests of 
language development. Children with language and 
literacy problems often do less well than similarly 
aged children on such tasks.

A further form of assessment central to identify-
ing WFDs involves assessing a child’s ability to name 
objects and actions and subsequently checking that 
any mistakes or failures are not due to the child’s lack 
of familiarity or knowledge of the word. Thus, WFDs 
are considered to occur when children have more 
problems involving the lexical retrieval of words that 
they know than would be expected for their age. Diane 
German has developed several important assess-
ments that are used to identify children with WFDs. 
The Test of Word Finding and the Test of Adolescent 
Word Finding involve discrete picture naming, sen-
tence completion (I went to sea in a ___), naming of 
as many items as possible in a category, and naming in 
response to a definition or description. Importantly, if 
a child fails to name a word, then a check is later car-
ried out to find out whether, after hearing the word, 
the child can identify the corresponding picture from 
a set of alternatives. Diane German also has developed 
an assessment that involves analyzing conversations 
and speech (the Test of Word Finding in Discourse).

There have been a small number of investigations 
concerned with the tip-of-the-tongue phenomenon, 
that is, trying to say a word that a child knows the 
meaning of but being unable to say the word. This dif-
ficulty appears to be because of an inability to locate 
the sound of a word. In addition, there is evidence that 
stopping children from using gestures increases the 
proportion of tip-of-the-tongue problems, suggesting 
that such movements may be of help to word retrieval.

Associated	Impairments
Children with literacy and language disabilities have 
WFDs. Discrete and serial naming are usually slower 
in children with dyslexia than children of a similar 
chronological or reading age. This has been attributed 
to less precise phonological representations, which 
impair locating the appropriate word. It is well estab-
lished that RAN speed is related to reading abilities 
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in both typical children and those with dyslexia, and 
this relation still occurs when the analyses take into 
account other important abilities such as processing 
of sounds (phonological awareness). Interestingly, the 
RAN task is a better predictor of reading abilities than 
discrete naming, and so it would appear that differ-
ent processes are involved in these two forms of word 
retrieval. This might be because the RAN task shares 
more characteristics with reading such as scanning a 
row of items from left to right and having to produce 
a series of words rather than one word at a time. Sev-
eral research projects have produced evidence that the 
pause time between saying the words in a RAN test 
is the feature of this behavior that is most strongly 
related to reading abilities.

It has been suggested by Marilyn Wolf and Patri-
cia Bowers that RAN speed assesses important aspects 
of the information processing abilities that are used 
in reading. In particular, children with poor RAN 
abilities and poor abilities related to the processing 
of speech sounds are at special risk for dyslexia. This 
is still a controversial claim, and there are researchers 
who support and who are critical of the hypothesis. 
Several interventions are being developed to improve 
the RAN abilities of children with literacy impair-
ments; however, as yet, there is uncertainty about 
their effectiveness. 

There also has been interest in the naming abili-
ties of children with impaired reading compre-
hension (sometimes referred to as poor compre-
henders). These children are able to read a passage 
of text, but when questioned about it, they often lack 
understanding of what they have read. The children 
also are likely to have more difficulties than children 
of a similar age in understanding what is spoken to 
them. Researchers have found that poor compre-
henders have slower and more inaccurate, discrete 
word retrieval compared to typically developing 
children. It has been suggested that this is caused 
by less precise semantic representations so that the 
children have difficulty locating the relevant infor-
mation in their memories. Less attention has been 
paid to poor comprehenders than to children with 
dyslexia, although each group appears to constitute 
up to 10 percent of the school population.

Word-retrieval and word-finding difficulties have 
been identified in children with language impair-
ments. A United Kingdom survey indicated that 
more than one-quarter of children receiving ther-
apy for language difficulties were considered by the 

practitioners to have WFDs. Also, it has been esti-
mated that around half of children with learning 
disabilities have WFDs, and it seems likely that there 
are children in classrooms with undiagnosed WFDs. 
There have been a number of interventions designed 
to reduce WFDs. These have usually been based on 
helping children to learn more about the meanings of 
words and speech sounds. However, although many 
of these interventions, particularly those concerned 
with speech sounds, have improved children’s ability 
to retrieve words in the set given during the interven-
tion, this ability often has not extended to words that 
have not been part of the intervention. One recent 
exception to this is a study by Susan Ebbles and her 
colleagues, which targeted the semantic abilities of 
adolescents with WFDs, giving them training to sort 
pictures into different categories (e.g., animals versus 
plants), discussing the characteristics of the pictures, 
and employing other games related to the meaning 
of words. The intervention was successful in showing 
improvements on a general test of word finding.

Mechanisms
The cognitive underpinnings of word-retrieval pro-
cesses have been extensively studied in adults; how-
ever, there are uncertainties about the extent to which 
findings about adults can be extended to children. 
Most theories about word retrieval during conversa-
tion suggest that, first, there is identification of the 
meaning of the word (semantics) and then the identi-
fication of the sound of the word (phonology). How-
ever, there have been debates about whether these 
processes occur in sequence or whether parts of the 
processes overlap.

It has been suggested that the slower and more 
inaccurate discrete and serial naming of children with 
dyslexia is because of their difficulties with process-
ing the sounds of language. Thus, the latter part of 
the word-retrieval process is affected in these chil-
dren. The naming difficulties of poor comprehenders 
have been related to their lack of knowledge about the 
meaning of words, which suggests that the first stage 
of the word-production process is affected. In the case 
of children with WFDs, it is still unclear whether their 
difficulties are because of impairments to their knowl-
edge about word meaning or of the sounds of words 
or even to slower speed of reaction and information 
processing. It also is possible that not all children with 
WFDs have the same cause of their impairment. As 
children with WFDs, and typical children usually 
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make more semantic errors when naming pictures 
than other types of error, the meaning system may be 
a cause of their WFDs. In addition, there is a sugges-
tion that children with WFDs have surprisingly good 
abilities to process sounds and much worse abilities to 
process the meanings of words.

To summarize, the task of assessing word produc-
tion and WFDs is relatively easy to carry out and 
has provided a wealth of information about devel-
opmental processes and children’s impairments. 
These different tasks might be expected to be closely 
related to one another, but this does not seem to be 
the case. The relationships are moderate rather than 
close. Furthermore, when one looks across children 
with different disabilities, then it would appear that 
there also are differences in the types of impairments 
that give rise to a WFD. This reflects the complex 
processes involved in the seemingly simple task of 
saying a word.

David Messer
Open University
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Statistical	Learning	
Statistical learning can be defined as the process of 
detecting structure in the environment by monitor-
ing distributional information available in the sen-
sory input. Statistical learning can involve supervised 
learning (e.g., computing the probabilities associated 
with receiving a reward) but can also occur in unsu-
pervised learning contexts, such as pattern detection. 
The types of computations performed during statisti-
cal learning vary in complexity, ranging from simple 
frequency counts to more sophisticated computations 
of conditional probabilities. Statistical learning is 
posited to play a role in many levels of linguistic dis-
covery, such as phonetic discrimination, speech seg-
mentation, word mapping, and rudimentary syntactic 
acquisition. The notion that this process may support 
language acquisition has received support from both 
empirical studies with infant and adult learners as 
well as computational modeling approaches. Statis-
tical learning is domain general, meaning that it can 
operate on a variety of computational units, and is not 
restricted to language. For example, statistical learn-
ing has also been demonstrated with nonlinguistic 
auditory tones, visual stimuli, and motor movements. 
Furthermore, this type of learning does not appear to 
be restricted to humans, as similar abilities have been 
demonstrated in studies of nonhuman primates and 
rodents. Since the latter part of the 20th century, there 
has been a surge of interest in this ability with respect 
to infant language acquisition. This interest has been 
fueled by the notion that language input to infants 
may contain more information than previously sup-
posed. Furthermore, the fact that infants can use this 
information to extract structure from the input sug-
gests that general learning mechanisms may be capa-
ble of a larger role than typically had been assumed by 
nativist approaches to acquisition.

Statistical	Learning	in	Speech	Segmentation
While the theoretical and empirical underpinnings of 
statistical learning extend back more than 50 years, the 
recent surge of interest in this topic can be traced to a 
series of foundational experimental studies on speech 
segmentation published by Jenny Saffran, Richard 
Aslin, and Elissa Newport in the mid-1990s. The logic 
of these studies can be demonstrated with the para-
digmatic example phrase pretty baby. When hearing 
these sounds, listeners may recognize that pretty and 
baby are words, while tyba (the transition between the 
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last syllable of pretty and the first syllable of baby) is 
not, despite the lack of any overt boundary cue (such 
as a pause) between the two words. The correct pars-
ing may be available from the input statistics. In Eng-
lish, the syllable pre precedes a limited set of syllables, 
and accordingly, the chances of hearing the sound ty 
after pre are high. It has been claimed this is particu-
larly true in speech to young infants. By contrast, the 
sound ty, as it occurs at the end of the word pretty, 
can be followed by many different syllables, such as 
those found in phrases like pretty flower, pretty nice, 
pretty tight, and so on. Thus, the sequential probabili-
ties of pre and ty are high, while the probabilities for ty 
and ba are low. These statistical properties (i.e., hav-
ing higher transitional probabilities within words and 
lower transitional probabilities occurring more fre-
quently at word boundaries) are thought to reflect the 
general organization of natural languages (and this 
supposition has received some support from analy-
ses of natural languages). Consequently, the ability to 
keep track of rudimentary statistical information can 
provide a valuable source of information, particularly 
for infant learners early in the process of acquiring 
their first language.

The intuition that statistical learning might pro-
vide an initial foothold into the segmentation prob-
lem was tested using a reductionist approach with 
artificial speech streams. Saffran and colleagues 
presented 8-month-old infants with a continuous 
stream of speech sounds that contained no pauses 
or other cues to segmentation (e.g., golabupabikutu-
tibubabupugolabubabupu). For infant subjects, this 
stream comprised of four three-syllable nonsense 
words that repeated in random order (in the com-
panion study with adults, there were additional words 
in the input stream coupled with greater variability 
in the statistical information). The only cue provid-
ing segmentation information was the transitional 
probability information between the syllables of the 
speech stream. In order to successfully segment the 
stream, learners had to track which syllables followed 
each other. That is, the “words” of the language were 
defined by being highly predictable sequences (such 
as golabu from the sequence above). 

After two and a half minutes of passive familiariza-
tion to the speech stream, infants engaged in a pref-
erential-looking time procedure in which they heard 
the words of the language in isolation or part words 
(trisyllabic constructions that spanned the statisti-
cally defined word boundaries, e.g., bupabi from the 

example above). The infants looked longer to the part 
words than they did to the words, suggesting they had 
habituated to the four words that had been repeated 
for two and a half minutes. This differential response 
to the words and part words suggest that, after very 
brief exposure, the infants had been able to track the 
statistical properties of the input and use them to 
extract the underlying structure of the artificial lan-
guage, notably in the absence of any explicit training.

As alluded to earlier, this study immediately gener-
ated a great deal of interest, as the ability to rapidly 
extract structure without requiring instruction sug-
gested the possibility that a powerful, domain-general 
learning mechanism might be capable of facilitating 
language acquisition. This notion was somewhat of 
a counterweight to nativist approaches that pre-
sumed the need for innately specified language learn-
ing mechanisms. Consequently, subsequent research 
sought to determine whether similar feats of statisti-
cal learning might also occur outside of the domain 
of language. Using a similar experimental paradigm 
to the statistical learning experiment described above, 
researchers extended the results from lexical acquisi-
tion to the visual domain by demonstrating that sta-
tistical learning could operate on temporal sequences 
of simple visual shapes, even for infants as young as 2 
months of age. 

Further demonstrations of statistical learning have 
been reported in the auditory domain using nonlin-
guistic stimuli (tones) as well as in the visual–motor 
domain using a serial-reaction time task. Additional 
evidence of the domain-general nature of statistical 
learning comes from studies with nonhumans, in par-
ticular, tamarin monkeys and rats. Interestingly, the 
demonstration of statistical learning in rats by Juan 
Toro and Josep Trobalón only reported evidence for 
tracking co-occurrence frequency statistics but not 
conditional probabilities that take the base rate of 
occurrence into account (this study made use of a 
balanced design that teased apart these two types of 
statistics—human adults are capable of using either 
type—the tamarin study did not test for this type of 
statistic). It is possible that this difference in ability 
may provide a crucial advantage for humans in lan-
guage learning, though more research is necessary 
investigating additional species.

Statistical learning appears to be available from the 
very first moments of life, as there are studies demon-
strating this effect in newborns for both the visual and 
auditory modalities. However, while infants clearly 
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possess the ability to track regularities in the input, the 
question has been raised as to whether infants rely on 
these cues when other cues, such as stress or prosody, 
are available in the input. A series of colliding cue 
studies compared the respective utility of transitional 
probability cues and stress cues by providing input in 
which each cue indicated conflicting word-boundary 
information. Erik Thiessen and Jenny Saffran reported 
that at a younger age (roughly 6 months), infant learn-
ers appear to prefer to use transitional probability sta-
tistics, whereas just a few months later, the preference 
is reversed. These studies demonstrate a more general 
principle about statistical learning in infancy: Statis-
tical information may provide a foot in the door to 
extract structure from the input, after which learners 
may bootstrap to using a variety of language-specific 
strategies (which may also be probabilistic in nature).

Beyond	Segmentation:	Sound	Patterns,		
Words,	and	Grammar
Following the initial demonstration with speech seg-
mentation, studies of statistical learning extended to 
other aspects of language acquisition, such as pho-
netic discrimination. It has been well established 
that very young infants are capable of discriminat-
ing most phonetic contrasts, even ones that do not 
occur naturally in their native language. However, by 
the end of their first year of life, infants have received 
increased exposure to their native language, and sub-
sequently, their perceptual system becomes tuned to 
native-language contrasts. At that point, infants lose 
their universal discrimination ability and begin to 
perceive language similar to adults. A study by Jessica 
Maye, Janet Werker, and LouAnn Gerken suggested 
that the underlying cause of this perceptual tuning 
may be statistical in nature (though more recently, 
Werker has suggested that statistics alone may not 
have sufficient explanatory power to entirely account 
for this phenomenon). 

Maye and colleagues tested 6- and 8-month-old 
infants on a continuum of speech sounds that var-
ied in the degree to which they were voiced; the end 
points of the continuum were initially discriminable 
to infants. The speech sounds were played in either a 
unimodal distribution (the exemplars at the center of 
the distribution occurred more frequently than those 
near the end points) or a bimodal distribution (with 
two peaks to the distribution—the stimuli near the 
end points occurred more frequently than those at 
the center). The former was meant to approximate the 

distribution of these sounds in a language that does 
not use the sounds contrastively, whereas the latter 
approximated a language in which the contrast sig-
naled a meaningful difference (e.g., /b/ and /p/, which 
are used contrastively in the English words /bar/ and 
/par/). The infants were able to maintain their dis-
criminative abilities in the bimodal exposure condi-
tion but not in the unimodal condition. A follow-up 
study reported that exposure to a bimodal distribution 
can facilitate learning of sounds that are initially dif-
ficult. In fact, this distributional learning can general-
ize to a different place of articulation, suggesting that 
the infants may have extracted the phonetic feature. 
In sum, distributional learning may help explain how 
young learners tune their broad discriminative abilities 
to become more adultlike, focusing on speech sound 
contrasts that are meaningful for the native language.

Statistical learning has also been posited to play 
a role in determining how children are able to map 
the meanings of words to objects in the environment. 
The challenge for learners is that words may occur 
in an environment in which many objects are pres-
ent. Naïve learners struggle to identify which words 
correspond with which objects. Using a paradigm 
known as cross-situational statistical learning, Chen 
Yu and Linda Smith have suggested that this problem 
may be solved if learners can track the co-occurrence 
of objects and their labels over time. Thus, in this 
paradigm, learners view several nonsense shapes on a 
screen while hearing several nonce words. Each indi-
vidual trial is ambiguous with respect to the correct 
mappings between the words and objects, though 
over several iterations, learners may compute which 
words correspond with which objects. In fact, both 
children and adults are able to perform such calcu-
lations. However, these findings have recently been 
called into question, as it has been suggested that 
learners may engage in hypothesis testing (forming 
a hypothesis and searching for negative evidence) 
rather than statistical learning. More research is 
needed to adjudicate these accounts.

Statistical learning has also been proposed to 
operate at the syntactic level as well. For example, 
multiple studies have demonstrated that 1-year-
old infants are able to acquire a simple (finite state) 
artificial grammar, even generalizing their learning 
beyond the original training set to new exemplars. 
More recently, Patricia Reeder, Elissa Newport, and 
Richard Aslin demonstrated that learners are sensi-
tive to the distributional properties of the input and 
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can use them to extract underlying grammatical cat-
egories. However, this latter finding has not yet been 
demonstrated with kids.

Statistical	Learning	of	Multiple	Structures
Much of the aforementioned research in statisti-
cal learning has focused on the ability of children 
or adults to learn a single input structure that is 
uniformly distributed across the input corpus, such 
that sampling at any point during the learning phase 
yields identical structural information. However, this 
uniform-variance property of the input does not 
reflect the substantial variability inherent in natural 
language corpora (particularly not in the case of bilin-
gual acquisition). Several recent speech segmentation 
studies have begun to investigate statistical learning 
of multiple structures. The initial studies in this area 
have found that learners are incapable of acquiring 
structures whose statistics are incompatible. However, 
with the addition of a contextual cue, such as delin-
eating each input stream with a different voice, multi-
ple incongruent statistical structures may be acquired. 
While there have not yet been analogous infant stud-
ies, a rule-learning study reported that infants raised 
in bilingual environments may be capable of acquir-
ing multiple rules simultaneously even without con-
textual cues, whereas monolingual infants require a 
contextual cue to master both. 

The	Limitations	of	Statistical	Learning
While statistical learning is clearly a powerful learning 
mechanism, it is not unconstrained. A logical prob-
lem for statistical learning is that there are nearly an 
infinite number of possible computations that could 
be performed by learners over a corpus of input (e.g., 
nonadjacent computations, backwards and forwards 
transitional probabilities, mutual information, etc.). 
However, the constraints operating in statistical 
learning experiments may mirror the organizational 
patterns found in natural languages. For example, 
learners appear more capable of segmenting artificial 
languages whose patterns are more typically found in 
languages (e.g., nonadjacent segmental regularities) 
than those that are less well attested (such as nonadja-
cent syllabic regularities).

There have been several concerns expressed 
regarding statistical learning. A recurring theme is 
whether statistical learning actually scales up to the 
challenges presented by natural language acquisi-
tion. In response to this concern, several recent 

studies have investigated segmentation of natural 
languages, demonstrating the effect in a more eco-
logically valid setting. The issue of scaling up has 
also been addressed by demonstrating how the out-
come of the statistical learning process (e.g., seg-
menting artificial languages) can impact subsequent 
labeling tasks, precisely as one might expect if sta-
tistical learning is a vital process for language acqui-
sition. By contrast, Elizabeth Johnson and Michael 
Tyler have shown that infant learners may struggle 
with inputs that lack uniform word length. Given the 
importance of this concern for theories of acquisi-
tion, much more work is needed to understand what 
statistical learning can and cannot achieve.

Another critique of statistical learning has been 
that the effects could be better interpreted through the 
lens of associative learning processes or more general 
implicit learning mechanisms. Similarly, the nature of 
statistical learning has also been questioned as it per-
tains to generalization. Several studies have suggested 
that rule learning and statistical learning may ema-
nate from different cognitive mechanisms, one that is 
restricted to tabulating the distributional properties 
of the input and one that is capable of generalizing to 
novel elements and combinations. 

This has been countered by a unified approach that 
posits a single mechanism capable of both tracking 
input statistics and generalizing to novel instances. 
Future research, including empirical, computational, 
and neuroimaging approaches, may adjudicate this 
issue. A further critique of statistical learning studies 
has been that they are too reductionist and therefore 
may not accurately represent how infants confront the 
complexity of natural speech. According to this view, 
by restricting the input to distributional information, 
studies of statistical learning may miss out on criti-
cal interactions that occur with other available cues 
in the input in natural language (such as prosody and 
perceptual edges). Future research must address all of 
these concerns in order to develop a realistic under-
standing of the process of early language acquisition.

Statistical	Learning	in	Children	and	Adults
In closing, it is interesting to note that there have 
been relatively few differences reported between 
infant and adult statistical learners (granted, infants 
are often provided with simpler input during experi-
ments). One interesting and potentially very impor-
tant distinction was reported by Carla Hudson-Kam 
and Elissa Newport for children (ages 5–7) and adult 
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learners who were taught an artificial language that 
contained inconsistent use of grammatical mor-
phemes. In subsequent production of the language, 
the adults tended to stay faithful to the input statis-
tics, whereas the children imposed patterns on the 
language that made the languages more systematic. 
Unlike many of the results reported for statistical 
learning, these findings hint at the possibility that 
the outcome of this learning process may differ in 
important ways during infancy and childhood rela-
tive to adulthood. Future work will need to explore 
the extent of these differences and the possible rami-
fications for development.

Daniel J. Weiss
Pennsylvania State University
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Statistical	Pre-Emption
Pre-emption is one of two hypotheses (the other 
being entrenchment) that claim that children learn 
grammatical constraints via pragmatic inference from 
observed distributional patterns of word use in adult 
speech. Grammatical constraints are restrictions on 
productive morphological and syntactic patterns—
for instance, knowledge that mouse cannot participate 
in the –s pattern of plural inflection (mouses) or that 
adjectives like alive most often are not used before 
the nouns they modify (e.g., the asleep duck; cf. the 
duck that’s asleep). Adults obey constraints of this sort, 
whereas children go through a stage in which they do 
not. An explanation of how grammatical constraints 
are acquired is thus a necessary component of any 
complete theory of child language development.

Both pre-emption and entrenchment posit that 
children notice consistent gaps in adult usage and 
are able to infer from these gaps that unattested word 
uses are disallowed. For example, when children 
observe that adults never inflect the verb go for the 
past tense, using –ed, they settle on a very practical 
explanation: English must not allow go to participate 
in the –ed pattern (goed). This type of inference is 
common in nonlinguistic cognition: For example, it 
underlies the conclusion that a drug does not cause 
certain side effects if those effects are never attested 
in clinical trials.

The two hypotheses differ in that they highlight 
different characteristics of the input. Entrenchment 
emphasizes frequency effects—that exposure to more 
data leads to stronger constraints. For example, a 
child who has observed thousands of uses of word 
W—none of which are in pattern P—is in a stronger 
position to infer that the gap is due to a grammati-
cal constraint (and not some sampling accident) than 
a child who has only witnessed W used a few dozen 
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times. In contrast, pre-emption emphasizes informa-
tiveness effects—that exposure to some data types is 
more informative regarding the presence of gram-
matical constraints than others. Here, the idea is that 
children can be more sure that a constraint against 
the use of W in P exists if they consistently fail to 
observe W used in P in discourse contexts in which P 
is otherwise highly expected. For example, failing to 
witness go inflected with –ed when adults are talking 
about past events constitutes an especially powerful 
cue that English does not allow go to occur with –ed 
because this is exactly the context in which the –ed 
pattern normally appears. A related way of think-
ing about constraint learning in this situation is that 
adults’ consistent use of went eventually blocks child 
productions like goed. Rather than accept two forms 
that appear to be synonymous, children infer that the 
attested form (went) is conventional, while the unat-
tested form (goed) is not allowed.

Informativeness and frequency effects are not 
mutually exclusive, so it should be possible to demon-
strate independent contributions of pre-emption and 
entrenchment to grammatical constraint learning. In 
practice, however, this has been difficult to prove. For 
instance, research on the acquisition of constraints 
against the transitive use of intransitive-only verbs like 
laugh has shown that, by age 3, children are less likely 
to produce transitive overgeneralizations (e.g., The joke 
laughed me) for high- versus low-frequency verbs (e.g., 

laugh versus giggle). And by age 5, they judge transitive 
overgeneralizations with high-frequency verbs to be 
less acceptable than the same overgeneralizations with 
low-frequency verbs (see Figure 1). While these results 
and others like them show that children are respond-
ing to the amount of data, it is not clear whether they 
might also be sensitive to the informativeness of the 
data. Are frequency effects magnified in the presence 
of highly informative data? Is constraint learning even 
possible from less informative data?

These questions have been addressed across several 
novel verb-learning studies that allow for indepen-
dent manipulations of frequency and informative-
ness. Learners in these studies view causative events 
(e.g., animals bouncing objects), hear an experi-
menter describe the events using a novel verb (e.g., 
yad), and are given opportunities to describe the 
events themselves. The number of uses of the verb in 
the input is held constant across two groups (a more 
informative and a less informative group), but only 
the more informative group witnesses the verb in the 
periphrastic causative construction (e.g., The hamster 
made the ball yad), which is a much less common way 
of talking about causation in English. Pre-emption 
hypothesizes that periphrastic causative uses should 
be especially informative regarding the presence of a 
constraint against transitive use because they indicate 
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Figure	1 Frequency effects in grammatical constraint learning,
 as predicted by entrenchment

Each point represents an English intransitive-only verb (e.g., 
giggle and laugh, labeled above). As a verb’s frequency in 
the input goes up, children are less and less likely to accept 
unattested transitive uses (e.g., The joke laughed me receives 
lower ratings than The joke giggled me).

 

 
Figure 2. Informativeness effects in grammatical constraint learning, as predicted by 

preemption. Learners are less likely to produce unattested transitive uses involving novel 

intransitive-only verbs (e.g., yad) when their input includes more informative rather than 

less informative uses (i.e., periphrastic causatives uses like The hamster made the ball 

yad). Less informative input can drive constraint learning though, as evidenced by a 

decrement in transitive productions relative to control. 

Figure	2 Informativeness effects in grammatical constraint 
 learning, as predicted by preemption. 

Learners are less likely to produce unattested transitive uses 
involving novel intransitive-only verbs (e.g., yad) when their 
input includes more informative rather than less informative 
uses (i.e., periphrastic causatives uses like The hamster made 
the ball yad). Less informative input can drive constraint learning 
though, as evidenced by a decrement in transitive productions 
relative to control.
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that the experimenter is conceptualizing the event as 
being causative yet is nonetheless consistently avoid-
ing the expected transitive formulation. In agreement 
with pre-emption, the results show stronger con-
straint learning from more informative input: Adults 
and 6 and 7-year-olds were more likely to avoid using 
the verb transitively in the more informative group.

A variant of this method also established that 
constraint learning is possible given exposure only 
to less informative data (see Figure 2). A control 
group viewed the same events as the more and less 
informative groups, but was given no exposure to 
the novel verb, and was instead asked to describe the 
events using the English verb bounce. This established 
a baseline preference for transitive descriptions to 
which performance in the less informative group was 
compared. Adult learners showed significant transi-
tive avoidance relative to control, which suggests that 
grammatical constraint learning occurs even in the 
presence of less informative input.

Jeremy K. Boyd
University of California, San Diego
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Stuttering
Stuttering, also sometimes called stammering, is a 
complex developmental speech disorder. It is charac-
terized by repetition of sounds or words, sound pro-
longations, and freezing or blocking when attempt-
ing to speak. It typically has an onset between 2 and 4 
years of age, making it the only major developmental 
speech disorder with an identifiable onset after a child 
has started to talk. Thus, the International Statistical 
Classification of Diseases and Related Health Prob-
lems (ICD) now uses the term fluency disorder with 
onset in childhood to describe the condition.

Four percent of children stutter at some point dur-
ing childhood. However, about 80 percent recover 
spontaneously, most within 2 years of onset, accord-
ing to Ehud Yairi and colleagues, who conducted the 
largest longitudinal study of children who stutter. 
After that, spontaneous recovery is possible but sta-
tistically less likely. Chronic stuttering appears to be 
genetically influenced and is more likely in boys and 
those with close relatives who stutter into adulthood, 
among other indicators. Curiously, severity of pre-
senting symptoms does not predict chronicity. The 
etiology of stuttering is currently unknown and seems 
to involve complex interactions between the motor 
and speech–language planning systems, according 
to research studies of children carried out by Anne 
Smith and Christine Weber-Fox. In particular, Anne 
Smith and colleagues have identified loss of motor 
stability for speech tasks in both adults and children 
who stutter when they are asked to produce more-
complicated utterances. While many people believe 
that stuttering is an emotional or psychological con-
dition, or is triggered by trauma, no research supports 
such beliefs, as noted by Oliver Bloodstein and Nan 
Bernstein Ratner in their extensive research review.
However, living with stuttering can cause a host of 
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reactive behaviors in children and adults, including 
shame, fear of speaking to certain people or in some 
situations, and physical struggle to get words out, all 
which impair quality of life and add to the social, edu-
cational, and vocational impacts of stuttering. These 
impacts can be considerable, as Ashley Craig and his 
colleagues have documented. It should be emphasized 
that such cognitive and emotional problems occur 
because the individual stutters and do not play a role 
in the onset of the original problem.

Therapy for stuttering can be very successful in 
managing its symptoms, although no cure for stut-
tering has yet been identified. Stuttering therapy is 
conducted by speech–language pathologists (SLPs) in 
most countries. Effective treatments for very young 
children include a behavioral management approach 
called the Lidcombe Programme, developed by Mark 
Onslow and colleagues in Australia, which has reported 
success rates that appear to exceed the naturally high 
rate of spontaneous recovery. Additional programs 
with documented effectiveness include Parent–Child 
Interaction Therapy, developed at the Palin Centre in 
Great Britain, and a family-focused intervention pro-
gram developed by Scott Yaruss in the United States. 
All these programs are family based and coordinate 
the guidance of a speech–language pathologist with 
the child’s parents to manage fluency.

When stuttering has become chronic, the speaker 
is likely to show reactive physical behaviors, such as 
physical effort and tension and the speaking fears and 
concerns described earlier. Some therapies treat the 
affective and cognitive components of stuttering con-
currently with work on overt speech symptoms; others 
focus mainly on speech behaviors (sometimes called 
fluency shaping). Fluency shaping is often adminis-
tered in highly structured programs reporting excel-
lent short-term success rates. Therapy targets typically 
include teaching rate management, gentler articulatory 
movements (to counteract acquired tendencies to put 
excess force into speaking), and learning to link words 
together when speaking (to address counterproduc-
tive tendencies to break up speech and inappropriately 
focus on success in producing single words). 

In contrast, many individuals who stutter have expe-
rienced success in managing symptoms by learning 
how to modify stuttering blocks to smooth out speech 
and by desensitizing themselves to fluency disruptors 
and to the moment of stuttering itself (akin to moving 
out of unexpected skids when driving). This approach, 
often called stuttering modification, was developed 

by a founder of modern speech pathology, Charles 
Van Riper. Treatments that integrate fluency shaping 
with such cognitive–behavioral treatments are com-
mon. Many programs using fluency shaping, stutter-
ing modification, or a combination can show positive 
outcomes, as noted by Oliver Bloodstein and Nan Ber-
nstein Ratner in their Handbook on Stuttering. Barry 
Guitar and Rebecca McCauley provide documentation 
of these and other major effective approaches to stut-
tering throughout the life span. Because no psychologi-
cal etiology for stuttering has been identified, as noted 
above, psychological and psychiatric treatments have 
poor documented success.

Because stuttering often co-occurs with other 
developmental communication disorders, evaluation 
of a person who stutters should include more than 
simple counts of stuttered words. In young children, 
other speech and language skills should be evaluated 
to rule out accompanying disorders requiring treat-
ment that may be less obvious to listeners. In older 
children, who have developed reactions to their speech 
difficulties, appraisal of cognitive and emotional reac-
tions to stuttering helps to identify best choices of 
therapy and to document functional outcomes in 
both speech and communication abilities following 
treatment. Examples of standardized assessments for 
stuttering include the Stuttering Severity Instrument 
as well as attitudinal measures such as the Commu-
nication Attitudes Test (CAT), and the Assessment of 
the Child’s Experience of Stuttering (ACES).

Nan Bernstein Ratner
University of Maryland
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Symbol	Formation
This entry is about an approach to symbol formation 
as it appeared in a book titled Symbol Formation, writ-
ten by Heinz Werner and Bernard Kaplan, published 
in 1963. In this book Werner and Kaplan articulated a 
view of language as a developmental phenomenon. In 
their view, developmental analysis applied to adults as 
well as to children. They further focused on the rep-
resentational function of language, which led them 
to make a sharp distinction between linguistic signs 
and linguistic symbols. In their framework the sign is 
much like a signal—an impulse to action—a symbol 
is distinguished from a sign by its having a represen-
tational function rather than an impulse to act; the 
symbol represents or somehow depicts its referent. 
The book is not so much about language acquisition 
as it is about language considered developmentally.

From this vantage point, developmental changes in 
language are seen to be present at all ages, depending 
on conditions. In fact, much of the extensive, origi-
nal developmental research reported in this volume 
reflects studies done with adults, under special condi-
tions, generated by the underlying theory.

Werner and Kaplan’s theory was termed organismic–
developmental, and as such, it articulated a particular 
stance on developmental theory and a particular vision 
of the basis of meaning in language, which may be unfa-
miliar to modern readers. Nonetheless, their approach 

to language opened up some potentially fruitful areas 
for exploration of child language development. 

The	Orthogenetic	Principle	and		
Communicative	Distancing
Heinz Werner was among the major developmental 
theorists of the early first half of the 20th century, join-
ing Jean Piaget and Lev Vygotsky. His death in 1964 
occurred at an important point in the development of 
developmental psychology. Vygotsky’s seminal work, 
Thought and Language, was first published in English 
translation in 1962, the same year that Piaget’s work 
received official recognition in American develop-
mental psychology with the publication of a Society 
for Research in Child Development (SRCD) mono-
graph focusing on his work.

Though connected to mainstream trends in devel-
opmental theorizing, Werner’s work was distinctive 
and fundamentally different. Werner’s notion of 
development was more universal, seeing develop-
mental phenomena in all aspects of human activity 
and at all points in a life’s history. Werner’s notion 
of developmental analysis was that it was a struc-
tural principle whereby changes in behaviors over 
time could be identified as developmental or as 
mere change according to principles articulated 
by his orthogenetic principle, which identified sev-
eral dimensions of change that together fulfilled the 
notion that, wherever there is development, there is 
differentiation and hierarchic integration.

With respect to language, the orthogenetic prin-
ciple was instantiated by the principle of distancing 
between addressor and addressee. The basic notion 
was that, developmentally, language transactions and 
the forms of linguistic expression depended heavily 
on the distance relations between speaker and hearer. 
The more differentiated the communicative relation-
ship, that is, the relational distance between speaker 
and hearer, the more formal and explicit would be the 
form of language—the more hierarchically integrated 
(i.e., grammatically well formed) would be the form 
of communication.

This principle clearly applied to the development 
of children, who were seen as moving from a situation 
of primordial sharing with a parent (usually stated as 
the mother), as both physically co-experienced and 
viscerally shared in-the-moment experiences, to a 
position where the devices of formal language, vocab-
ulary, and grammar intervened to fulfill the com-
municative function across distances of experience 
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and relationships. In its extreme, this form of com-
munication was termed the geometrical–technical use 
of language. The notion of primordial sharing can 
be related to modern uses such as joint attention, 
but there is a difference. Werner and Kaplan’s notion 
focused on the affective relationship that defined the 
attentional attunement. Their focus was on the expe-
riential sharing rather than the more cognitive notion 
of joint attention.

Werner and Kaplan believed that it would be a the-
oretical mistake to regard these moments of develop-
ment to be disconnected from one another, where the 
more primitive form of communication is supplanted 
by more advanced forms and, hence, disappears from 
the developmental landscape. 

Microgenesis
There were two bases for this claim. The first related to 
a form of theorizing that saw development as occur-
ring not only in relation to chronological age but also 
within present temporal relationships. The second, 
to be treated in the next section, was related to the 
organismic principle that was thought to underlie all 
forms of representation.

The notion of development represented in Symbol 
Formation (and also in Werner’s canonical book The 
Comparative Psychology of Mental Development) was 
that development occurred on phylogenetic, ontoge-
netic, and microgenetic scales, for example, with evo-
lution, with age, and in relation to immediate tempo-
ral conditions.

Although addressing the considerable literature 
on child language, the analytic approach adopted in 
Symbol Formation hinged on the notion of microgen-
esis—an analysis of phenomena under contempora-
neous conditions. 

The	Organismic	Principle	and	Microgenesis
The organismic principle was an outgrowth of Gestalt 
psychology. The Berlin Gestalt group (e.g., Wolfgang 
Kohler, etc.) focused on principles of form as over-
riding the elements that might compose the form. 
Another expression of this principle was to see the 
apprehension of forms to be related to organismic 
principles (e.g., Kohler’s likening of Gestalt phenom-
ena to the principles of field physics, as electrical 
impulses flowed through a conductive medium) or, in 
Werner’s view, to underlying action tendencies.

In Werner and Kaplan’s view, all representational 
phenomena (and language was treated principally as 

a representational phenomenon) involved some rela-
tionship between the condition of the organism and 
the representational form. This led Werner and Kaplan 
to stress the notion that there must be some deep rela-
tion between the external representational form and an 
underlying organismic basis. The term that they used 
to express the presumed relationship between organis-
mic form and external and conventionalized expression 
was dynamic schematization—whereby it was assumed 
that there was an underlying relationship of similarity 
that could be found between referent and symbol.

They produced experimental evidence in support 
of this contention. In one study by S. Kaden, S. Wap-
ner, and W. Werner, words connoting rising or falling 
were presented to adult subjects who were given the 
task of adjusting the luminously presented word in 
a dark room until it was at eye level. In support of 
the idea that there was some relation between sym-
bolic form (the word) and organismic condition (the 
perceptual processes involved in adjusting stimuli to 
apparent eye level), words that connoted rising were 
adjusted to a lower position than those that connoted 
falling (as if the rising words were seen as higher and 
had to be lowered and the falling words were seen as 
lower and had to be adjusted higher).

In follow-up studies, where the words were either 
hypnotically stripped of meaning or stripped of 
meaning by constant repetition (a technique termed 
lapse of meaning in use at that time), the effects of 
word meaning on adjustment to apparent eye level 
disappeared.

Werner and Kaplan considered these findings to be 
of particular significance in bolstering their view that 
language, as representational meaning, must display a 
connection between symbol and bodily phenomena. 
For those focused on child language development, 
much the same connection of depiction by symbol to 
bodily referent can be seen in the child’s use of ges-
tures (e.g., raising hands over head for pick me up).

But, if representational meaning had an underlying 
connection to bodily states, what sense could be made 
of the more formal, grammatically well-formed (and 
intended for a generalized audience) uses of language? 
Were there two forms of language, one intimate and 
related to body-meaning relations and the other dis-
tanced and related to self-world relations? Werner and 
Kaplan’s answer was no. The experimental evidence 
that they generated in Symbol Formation was collected 
in order to apply the microgenetic principle and to 
expose its workings where the relation between body 
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and meaning and self and world were construed as 
connected, with the connection being more or less 
manifest depending on conditions.

Overlapping	Levels	of	Development		
and	Sources	of	Evidence
While the theoretical focus of Symbol Formation 
relied on the diary studies of the early development 
of language, the main thrust of the new experimen-
tal research presented in Symbol Formation was work 
with adults under special conditions designed to 
uncover the underlying more organismic, and devel-
opmentally more primitive, basis of linguistic func-
tioning.

This strategy reflected a characteristic feature of 
Werner’s developmental theorizing. While many 
approaches to development see more advanced forms 
supplanting earlier developmental forms, Werner saw 
development in microgenetic terms, whereby ear-
lier forms always coexisted with later forms with the 
determining factor of what forms would be behavior-
ally manifested depending on conditions.

The experimental work presented in Symbol Forma-
tion was designed to uncover the coexistence of earlier 
forms by devising special experimental conditions in 
order to uncover them. A particularly representative 
example of this approach is shown in one of Werner’s 
seminal studies titled “Microgenesis and Aphasia,” 
published in 1956. In this study, a phrase sanfter wind 
(gentle wind) was presented at varying durations, and 
subjects’ responses were recorded. The experiment 
showed that at shorter durations of exposure, reac-
tions were spheric, affective, and global, mimicking in 
form the linguistic features typical of aphasic patients. 
With longer exposures, responses resembled ordinary 
language functioning. These results supported Wer-
ner’s claims that development could be seen in rela-
tion not only to age but also within person in relation 
to conditions. The responses of a person might be 
described as more developed under some conditions 
and less developed under different conditions. These 
sorts of claims derive from a position that sees devel-
opmental analysis as concerned with features of the 
structure of activities rather than simply about age-
related changes.

Other studies looked at the differences between 
speech for oneself versus speech directed for others 
(inner versus external speech) and at the language of 
those diagnosed with schizophrenia in order to show 
that the reduction of the distancing relationship 

(assumed to be characteristic of speech for self and in 
schizophrenia) related to the presence of more organis-
mic (emotional and body-related) forms of expression.

In the period leading up to the publication of Sym-
bol Formation, a number of dissertations explored the 
organismic basis of language by exploiting noncon-
ventional means of expression (expressive line draw-
ings) in order to expose the organism- and action-
related dynamic features presumed to underlie more 
formal and conventional language. The purpose of 
these studies was not to be ecologically valid (rep-
resenting normal and conventionalized uses of lan-
guage) but to uncover, by special means, those fea-
tures of linguistic expression that might be masked by 
the more conventionalized forms of expression.

Language	Denotative	and	Connotative
In is important to understand that the underlying 
intent of Symbol Formation was to recover the conno-
tative forms underlying the more formal and denota-
tive forms of linguistic expression. Denotation points 
to a referent. Connotation is an expressive reaction 
to it. It is not clear whether this was fully accepted 
by researchers in language development. Clearly, 
Werner’s interests had been focused throughout his 
career on the more expressive and aesthetic aspects 
of language and other forms of expression. His ear-
liest publications were on the origins of metaphor 
(1919), on the apprehension of musical forms (1940), 
on physiognomic speech (1932), and on expressive 
language (1955). Perhaps because of, or in relation 
to, these interests and foci, the work represented in 
Symbol Formation stands both within and as a coun-
terweight to The Cognitive Revolution, which roughly 
overlapped with the publication of Symbol Formation. 
The work stood squarely in opposition to the treat-
ment by later-day learning theorists who focused on 
internal responses as mediators or as signs. But, at the 
same time, the focus on the expressive features of lan-
guage use and development (considered broadly) did 
not fully share the focus on logic, denotative meaning, 
and grammatical structure that characterized much 
of the early cognitive work.

Joseph Glick
The Graduate Center, City University of New York
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Communication; Private Speech/Inner Speech; Sound 
Symbolism.
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Symbolic	“Gesture	Names”
In the late 1970s, researcher Linda Acredolo noticed 
her infant daughter engaging in a blowing action 
every time she saw a fish. She did this reliably for real 
fish, toy fish, and pictures of fish. Acredolo was con-
fused about this behavior until she realized that, when 
putting her daughter to bed at night, she would blow 
on the fish mobile positioned above her crib to make 
the fish move. Her daughter had apparently associ-
ated the blowing activity with fish and had general-
ized the behavior to other fish, recruiting the action as 
an apparent form of symbolic reference. That is, she 
was using the behavior to represent and refer to an 
object category.

This was not the first time that the significance 
of action-based symbolic communication in infant 
development had been noted. Elizabeth Bates and 
colleagues had earlier argued that referential gestures 
(e.g., pointing) and symbolic play (e.g., pretend-
ing to drink from a toy cup) were precursors to ver-
bal communication. However, this was the first time 
that symbolic gestures had been conceptualized as an 

alternative but potentially functional equivalent to 
verbal communication. Acredolo and others subse-
quently conducted observational and experimental, 
cross-sectional and longitudinal studies to investigate 
how receptive young children are to acquiring sym-
bolic gestures as well as the relationship between ges-
ture learning and word learning.

This research has revealed several key findings 
regarding the acquisition and use of symbolic ges-
tures and their relation to early word learning. First, 
children acquire their first symbolic gestures around 
the time they acquire their first words. In fact, infants 
often produce their first symbolic gestures slightly 
earlier than words, presumably because infants have 
better fine-motor control in the manual rather than 
the vocal modality. Second, children acquire sym-
bolic gestures for the same types of referents as they 
do words—highly salient objects, actions, and proper-
ties in their everyday environments. Third, although 
infants appear to employ both words and symbolic ges-
tures, they rarely employ both a symbolic gesture and 
a word for the same referent. Instead, children seem 
to employ either a symbolic gesture or a word for any 
given referent. Eventually, of course, children learn the 
verbal labels for all of these referents, and as they do, 
the use of symbolic gestures disappears. This suggests 
that words and symbolic gestures are serving common 
and complementary roles in a shared lexicon early in 
development. However, words supplant gestures as 
children’s language skills develop over the course of 
the second year of life. This shift from employing both 
words and symbolic gestures to using predominantly 
words as symbols underscores an important difference 
between symbolic gestures and sign language. Whereas 
sign languages involve a syntactic system of communi-
cation, symbolic gestures do not. As a result, children 
who are using symbolic gestures eventually replace 
them with words that are part of a syntactic system, 
which affords greater flexibility and communicative 
power. The use of gestures does not disappear entirely 
once symbolic gestures have been replaced by words. 
Children continue to use deictic (e.g., pointing), beat, 
and some representational gestures into adulthood. 
In contrast to early symbolic gestures, these gestures 
typically accompany and augment spoken communi-
cation rather than serving in lieu of it.

Training studies reveal individual differences in 
infants’ receptivity to symbolic gestures. After several 
months of exposure to at-home daily symbolic gesture 
use, some infants acquired only a handful, whereas 
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others acquired dozens. Interestingly, exposure to sym-
bolic gestures does not slow or impede word learn-
ing. In fact, training studies reveal quite the opposite. 
Relative to children in a control group that received 
no enhanced exposure and to children who received 
enhanced verbal label exposure, children who received 
symbolic gesture training actually exhibited larger ver-
bal vocabulary sizes months later. This outcome sug-
gests that exposing children to symbols in two modali-
ties bootstraps or accelerates word learning. Based on 
this finding, a lucrative cottage industry of instruc-
tional programs (e.g., classes, books, and videos) has 
emerged targeting parents of infants and toddlers to 
promote communication between parent and child.

The symbolic gestures acquired by infants are often 
iconic, resembling their referents (e.g., patting head to 
indicate hat); however, recent experimental work sug-
gests that infants exhibit no preference or advantage 
for learning iconic over noniconic gestures and that 
they may not even recognize the iconicity of gestures 
until later in development. This would imply that any 
heightened prevalence of iconic gestures can likely be 
explained by the prevalence of iconic gestures in the 
input, perhaps because parents believe iconic gestures 
to be easier and more transparent. Indeed, many of 
the parenting guides that promote symbolic gesture 
instruction encourage parents to recruit signs that are 
iconic based on this poorly substantiated assumption.

Parents’ spontaneous production of symbolic ges-
tures is relatively infrequent across development but 
is more common early in infants’ communicative 
development, declining over the course of the second 
year. When parents produce symbolic gestures, they 
typically co-occur with and reinforce verbal labels. 
Many of infants’ symbolic gestures are not direct imi-
tations of symbolic gestures produced by parents but, 
rather, are gestural forms derived by the child from 
common action sequences occurring in play. Thus, 
like Acredolo’s daughter, who adopted an instru-
mental blowing behavior as a symbol, infants co-opt 
action routines by adapting them in the service of 
gestural communication. 

Laura L. Namy
Emory University
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Syntactic	Bootstrapping
Bootstrapping, in the context of language acquisition 
theory, refers to the use of one body or type of infor-
mation to initialize or implement acquisition of a sys-
tem of a different kind, for example to derive mean-
ing from structure. Two major examples are semantic 
bootstrapping and syntactic bootstrapping, both 
designed as accounts of vocabulary acquisition and 
its link to syntactic structure. Semantic bootstrap-
ping, introduced by Steven Pinker, posits that knowl-
edge gained from observing a new word’s situational 
context (e.g., seeing a dog) while hearing someone say 
dog is used as the first basis for constructing a mean-
ing category (the concrete object term dog), which in 
turn, triggers a lexical-class assignment (noun) and, 
ultimately, a syntactic structure (noun phrase). In 
the theory of syntactic bootstrapping, introduced by 
Barbara Landau and Lila Gleitman, it is proposed that 
knowledge gained from observing a linguistic struc-
ture is used in a kind of reverse engineering process 
to reconstruct the argument-taking properties of a 
predicate, presumably part of its semantics (e.g., when 
hearing John pilked Bill, implicit analysis of the struc-
ture is used to infer that pilk is a two-argument predi-
cate, thus possibly conveying an externally caused 
event in which John does something to or for Bill). 

These complementary learning procedures pre-
suppose, and exploit, universal tendencies in how lan-
guages map between structures and meanings, posit-
ing that, to some extent, learners are sensitive to such 
universal mapping tendencies even in infancy and use 
them to uncover (bootstrap) the forms and meanings 
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that are only complexly reflected in the surface forms 
of words and sentences. As another well-studied type, 
credal (belief) verbs license sentence complements 
(John pilks that Bill is tall) to express the relation 
between a sentient entity (Bill) and an event or state 
of affairs (that Bill is tall). An inference from their sen-
tential forms to their meanings is supported because 
entities prototypically surface as nouns, and events 
surface as clauses in the languages of the world. Char-
acteristically, individual verbs appear in more than 
one such syntactic structure, with different implied 
argument structures and meanings (compare, e.g., the 
causative John opened the door to the noncausal The 
door opened).

In 2005, Gleitman, J. C. Trueswell, and their col-
leagues considerably broadened the construal of the 
term syntactic bootstrapping to refer to a full, multiple-
cue, probabilistic theory of word and structure acqui-
sition, incorporating insights both from the semantic 
and syntactic bootstrapping perspectives. Part of the 
reason for doing so is to redress the potentially circular 
or absurd implication of the very term bootstrapping 
as these theories were first offered and understood: To 
say both that one deduces the structure from obser-
vation of the word meaning and that one deduces 
the word meaning from observation of the structure 
is uncomfortably close to pulling oneself up by one’s 
bootstraps—an impossibility because one is standing 
in the boots. However, circularity is mitigated if the 
two procedures operate on partly divergent linguistic 
materials (more and less concrete elements of the lexi-
con) and overlap only partly in timing of acquisition. 

Thus, by hypothesis, a full lexical learning pro-
cedure consists of three intrinsically ordered steps:  
(1) the novice learner first acquires a seed lexicon using 
a stand-alone procedure that gleans interpretations by 
observing contingent matches between word utter-
ance and temporally co-occurring properties of the 
observed world (word-to-world pairing), for exam-
ple, conjecturing that dog means dog if the former is 
heard when a dog is in view; (2) using the seed lexi-
con and appreciation of sequence, the learner can next 
construct a rudimentary parse tree from the category 
decisions made at step (1), again as originally pro-
posed by semantic bootstrapping theory, for example, 
discovering that English is subject–verb–object (SVO) 
by comparing an event with an utterance. 

This second step, in turn, (3) enables the syn-
tactic-bootstrapping component such that word-
to-world pairing is supplemented or replaced by 

structure-to-world pairing: Pilk heard in the utter-
ance John pilks the ball on the table probabilistically 
supports the inference that pilk means something like 
put. The probabilistic nature of the hypothesized pro-
cedure can be seen by noticing that the learner who 
does not yet know what pilk means might perform 
either of two syntactic analyses of such an utterance, 
one of which has a complex verb, pilk on the table, 
suggesting a meaning like put, but the other of which 
has a complex noun phrase, the ball on the table, sug-
gesting a meaning like see for pilk. The outcome of the 
hypothesized learning procedure is a knowledge rep-
resentation in which detailed syntactic and semantic 
information is linked at the level of the lexicon.

The syntactic bootstrapping proposal was developed 
as an explanation of many general properties known 
to be implicated in language learning. First and fore-
most, Landau and Gleitman argued that the sameness 
of lexical and grammatical development in sighted and 
congenitally blind infants suggests that there is a source 
of information beyond direct observation, namely the 
syntax itself, for surely in regard to inspection of the 
stream of objects and events, the blind and the sighted 
have very different input environments. Appreciation 
of the semantics of syntactic structures can account for 
the sameness of their lexical learning. 

A second, and related, success of this theory 
accounts for how even very young learners disambig-
uate ambiguous scenes by selecting an interpretation 
that not only fits what they see but fits as well with the 
semantics of the utterance structure. A third success 
is an explanation for why concrete words such as dog 
and jump are acquired before more abstract ones such 
as idea and think, the solution proposed being that 
young infants without access to the language specif-
ics of syntactic structure must be learning solely from 
observing the passing scene. In this regard, it is easier 
to deduce that jump means jump by watching jumpers 
jumping than it is to deduce that think means think by 
watching thinkers thinking. Once the grammar of the 
exposure language is acquired, the third-stage learner 
can retrieve and mobilize structural properties (e.g., 
appearance with sentence complements) to deduce 
that think is a word that might mean think. This posi-
tion has been experimentally confirmed in many 
studies in which infants and toddlers (and adults as 
well) interpret new words in situational contexts dif-
ferently, depending on the syntactic context in which 
they are heard. Particularly influential have been 
findings showing that, when syntactic and semantic 
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information types are pitted against each other, even 
young children will follow the dictates of the gram-
mar over those of the evidence of the senses.

Lila Gleitman
University of Pennsylvania 
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Syntactic	Development:	
Construction	Grammar	
Perspective
Describing the construction grammar perspec-
tive of syntactic development entails a treatment 
of three areas of theory. First is an explanation of 

what constructions are and how they differ from 
traditional (i.e., generative) notions of syntactic 
constructions. Second is a discussion of how con-
structions are learned, including a discussion of the 
usage-based approach to language learning, which 
greatly informs the notion of constructions as psy-
chological entities and must therefore be understood 
in order to understand constructions themselves. 
Finally, is a description of how children’s knowledge 
and use of constructions develop over time and how 
this developmental course is reflected in construc-
tion theory.

Constructions
To begin with, one must first understand what is 
learned as syntax develops. That is, one must first 
understand what a construction is. Constructions are 
any components of language whose form or meaning 
cannot be predicted from their component parts or 
other constructions. Constructions can be described 
as varying in both relative complexity and abstract-
ness. Accordingly, words and morphemes are con-
structions that are both simple and concrete. Lin-
guistic categories such as noun or verb are simple but 
abstract constructions. Lexical phrases such as “Good 
day!” are concrete, complex constructions (relative to 
a single word), and subject–verb–object is a complex, 
abstract construction. The word construction is most 
often applied to the last of these examples, though 
the more specific term argument structure construc-
tions is preferred to avoid confusion. As all of the 
aforementioned linguistic entities are constructions, 
the boundaries between the categories of morpheme, 
word, idiom, and construction are effectively blurred 
such that each is viewed as a construction in its own 
right and may combine to form more complex con-
structions. The sentence Jan sees the flowers, for 
example, contains a number of distinct constructions 
including –s [third-person singular], –s [plural], tran-
sitive construction, noun phrase (NP) construction, 
verb phrase (VP) construction, definite determiner 
construction, and the plural construction.

This approach is quite different from traditional 
generative approaches to syntax, wherein the lexicon 
is discretely separate from the domain of syntax. This 
allows the generative approach to focus on what is 
called a core grammar (i.e., the parts of grammar sub-
ject to syntactic rules) and to exclude from analysis 
lexical items and idiomatic phrases that are thought to 
be memorized and therefore not subject to syntactic 
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rules. Thus, words as well as idioms such as hit the 
roof are the domain of the lexicon and not subject 
to syntactic rules. The constructionist approach, on 
the other hand, seeks to unite concrete and abstract 
forms and has the advantage of being able to explain 
expressions that can be seen as straddling the bound-
ary between idiom and abstract construction. These 
so-called mixed constructions have both idiomatic 
and rule-like patterns; for example, The Xer, the Yer 
construction, as in The bigger they are, the harder 
they fall or The more, the merrier and the What’s X 
doing Y? construction, as in What’s he doing here? and 
What’s that fly doing in my soup? are not licensed by 
traditional syntactic rules but have a clear syntactic 
pattern. Thus, such constructions are explainable in 
terms of construction grammar but outside of the 
scope of traditional generative syntax.

In the constructionist account of language, the 
syntactic structure of language consists of generaliza-
tions that are made by associating the surface forms of 
language with particular meanings. The abstract pat-
terns or constructions are made through generaliza-
tions about the surface form of exemplars and can be 
specified in reference to word order, grammatical cat-
egories, or other constructions but may be specified in 
terms of other characteristics such as the participant 
roles of the construction. For example, A. E. Goldberg 
specifies the ditransitive construction (Steph gave 
Micah a ball) as: 

Sem:  CAUSE-RECEIVE (agt   rec
(secondary topic)

 theme)

Syn: Verb    (Subject Object1 Object2) 

The first line of the formulation specifies the 
meaning of the construction (cause to receive, which 
is roughly the same as the verb give) and that the con-
struction’s participant roles will carry the semantic 
roles of agent, recipient, and theme. These mean-
ings are mapped onto the verb’s arguments: Sub-
ject, Object1 and Object2. The construction licenses 
(allows) utterances such as Jan gave his sister 10 dol-
lars. A variation of the construction without Object1 
generates Jan gave 10 dollars.

Constructions can also be combined with other 
constructions. Goldberg suggests that the general-
izations for how structures can be combined can 
be accounted for by positing a semantic coherence 
principle and a correspondence principle. The inter-
ested reader can consult Chapter 2 of Goldberg’s 

Constructions: A Construction Grammar Approach to 
Argument Structure for the details of the principles. 
For the present purposes, it is enough to explain, for 
example, that the ditransitive construction above can 
be combined with a topicalization construction to 
generate utterances like Ten dollars, Jan gave his sis-
ter! The topicalization construction alters the syntax 
and adds an emphatic component to the semantics 
of the construction, but does not change the basic 
ditransitive meaning conveyed by the mapping of the 
construction’s participant roles (agent, recipient, and 
theme) onto the verb’s arguments (Subject, Object1, 
and Object2).

Notice as well that the formulation above is intended 
to describe the meaning of the construction itself. The 
construction’s meaning combines with the meaning of 
the components of the construction (in this case, the 
verb and its arguments) to complete the meaning of 
the utterance. As a consequence, utterances contain-
ing verbs that are not generally understood as entail-
ing the cause–receive meaning (compare the general 
cause–receive meaning of a verb like give with a verb 
like cut, whose meaning does not entail cause–receive) 
are shoehorned into this semantic frame such that we 
understand the agent to have caused the recipient to 
take possession of the theme: Jan cut Mary a piece of 
pie suggests that Jan cut a piece of pie and gave it to 
Mary. As a consequence, judgments about the gram-
maticality of such sentences vary with our ability to fit 
the meaning of the utterance to the pragmatics of the 
scene invoked by the sentence. The grammaticality of 
Jan cut Mary a lawn is questionable at best because 
the construal of a scene in which someone gives or 
receives a lawn by means of cutting it is pragmatically 
difficult to reconcile. Accordingly, traditional notions 
of a clear separation between semantics and pragmat-
ics are likewise blurred.

Constructionist	Approach	to	Language	Learning
Construction grammar is generative in the sense that 
constructions are intended to capture the generaliza-
tions about language that allow speakers to produce 
and understand novel utterances. It is not, however, 
transformational. There is only surface structure, 
and generalizations are made on the basis of surface 
structure alone without the need to reference a deep 
structure. Moreover, the initial claims made by Noam 
Chomsky and others that language is unlearnable 
without appealing to an innate set of rules or mecha-
nisms (i.e., Universal Grammar) are considered to 
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have been premature on the basis of subsequent 
research casting doubt on the notion of the poverty 
of the stimulus. Likewise, the notion that language is 
learned through innate, language- and human-spe-
cific faculties is also set aside in favor of attempting 
to explain language learning by appealing to domain-
general learning processes along with considerations 
of the pragmatic and semantic functions of language. 
Constructionists appeal to the notion of parsimony in 
making these choices, believing that the assumption 
that cognitive processes responsible for other types 
of learning are shared by language learning, require 
fewer assumptions, and are neurologically and psy-
chologically more efficient.

The constructionist approach to language is closely 
tied to a usage-based model of grammatical develop-
ment, which holds that learning syntax involves a pro-
cess whereby learners record facts about the actual use 
of linguistic expressions. That is, learners record facts 
about the language they hear–individual items that 
are used, their frequencies, and the context of use. As 
the repertoire of facts builds over time, children use 
domain-general processes to analyze the regularities 
in the set of facts, thereby developing generalizations 
to account for the observed regularities.

Several such pattern-learning abilities have been 
documented in both linguistic and nonlinguistic 
domains. For example, children as young as 8 months 
of age attend to the statistical regularities of sound 
sequences in speech streams and are able to use this 
ability to aid them in segmenting a speech stream 
into words and phrases. Researchers have also dem-
onstrated the same sort of statistical learning abil-
ity when exposed to nonlinguistic tones or visual 
sequences. Similarly, in studies of nonlinguistic cat-
egory learning, various features of the input have 
been shown to have a facilitative effect on learning. 
Research has shown, for example, that early presenta-
tion of stimuli with shared concrete similarity facili-
tates category learning. 

A similar facilitative effect has been documented in 
construction learning. Learners who were exposed to 
training exemplars that included the same verb early 
on (different verbs were added later in the training) 
were more successful at learning the construction 
than learners who were exposed to training exemplars 
with a variety of verbs from the outset. And, while 
work conducted on nonlinguistic categorization has 
shown a facilitative effect for input with a Zipfian dis-
tribution—one in which a lion’s share of the tokens 

of a category is accounted for by relatively few exem-
plars—Goldberg and colleagues’ work has demon-
strated a similarly facilitative effect on construction 
learning. Finally, there is emerging evidence suggest-
ing that individuals engaged in the process of learning 
a novel construction, but not individuals processing 
words occurring in random orders, show patterns 
of neural activation similar to individuals engaged 
in nonlinguistic category learning. Such research 
suggests shared neural mechanisms responsible for 
the processing of both linguistic and nonlinguistic 
abstractions or generalizations.

As with fast mapping of vocabulary and statisti-
cal learning of transitional probabilities, children 
appear to learn abstract constructions rapidly, with 
as little as three minutes of exposure. In one set of 
experiments demonstrating children’s ability to map 
a novel form to a novel meaning, a novel construc-
tion was employed whose meaning indicated that an 
NP theme appeared in an NP location in the manner 
specified by a nonsense verb. The form was as follows:

NP
theme

 NP
location

 nonsense verb

The utterances generated by this construction 
were then paired with videotaped scenes depicting 
their meaning. For example, the spot the king moo-
poed indicated that the spot (NP

theme
) appeared on the 

king (NP
location

) in the manner indicated by the verb 
(in this case, fading into existence). The paradigm is 
rounded out by using a training phase in which par-
ticipants are exposed to the utterances paired with 
the videotaped examples of the utterance’s mean-
ing. The intent is to simulate in a controlled manner 
the sorts of pairings between scenes and utterances 
that a learner would experience in being exposed to a 
novel construction. In the testing phase of the exper-
iment, two minimally different scenes are placed 
side by side while an utterance is played. The child 
is instructed to touch the scene that corresponds to 
the utterance. In this paradigm, only the meanings of 
the noun phrases are known. Thus, participants had 
to determine from context the meaning of the verb, 
the meaning of the construction, and the form of the 
construction. In fact, they also had to determine that 
the word order did in fact have a meaning rather than 
being haphazard.

Results from such experiments indicate that 
children are reliably able to learn the meanings of 
such novel constructions and to do so even when 
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construction mappings run counter to specifications 
that are claimed to be universal.

Developing	Constructions
The earliest constructions produced by children are 
single-unit chunks associated with a particular mean-
ing or context of use. As children are exposed to uses 
of the construction, they begin to abstract patterns 
out of the instances of its usage using the sorts of 
pattern-learning and abstraction processes described 
above. Experience with these patterns helps children 
to fill out the meaning of the construction, which is at 
first incomplete, but gradually builds toward comple-
tion as children notice similarities and differences of 
use. At the same time, children abstract patterns of the 
linguistic form of the constructions. Words occur in 
combinations, and children record syntactic, seman-
tic, and pragmatic regularities about these combina-
tions—which words tend to occur with which other 
words, what the role of those words is, what the order 
of the words is, and what participant roles are profiled 
in the construction.

By 18 months, two-word phrases appear. At first, 
they occur as simple, concrete utterances (e.g., no 
more or all gone uttered as if they were single words), 
then as partially abstracted constructions in which 
one slot is lexically specified and the other is speci-
fied as a participant role in the construction (note 
the similarity to the mixed constructions discussed 
above). The construction exemplified by more milk, 
more juice, and more cookie is one common example 
where the construction appears to be specified in the 
child’s grammar as more (thing the child wants more 
of). At this point, children have not yet taken the step 
of generalizing across similar constructions. More 
milk and no milk are generated by separate construc-
tions rather than a single generalized construction 
such as an adjective phrase or elliptical imperative.

By about the age of 2, however, there is evidence 
that children are beginning to put together increas-
ingly more generalized constructions, producing, for 
example, simple transitive utterances. Still, it appears 
that children are initially conservative in their pro-
duction of argument structure constructions. These 
initially conservative utterances are often referred to 
as island constructions and tend to be verb specific 
in the sense that they appear with only a particular 
verb and are not generalized across verbs. For exam-
ple Jan kissed Mary may be specified as (kisser) kiss 
(kissee), and Jan kicked the ball is specified as (hitter) 

hit (hittee), rather than there being a single transitive 
construction to license both utterances.

However, just as there is no clear point between 
word, idiom, and construction for the constructionist, 
there also does not appear to be a clear point at which 
children suddenly switch from item-based to more 
generalized schemas. Children slightly younger than 
2 years can perform well in comprehension tasks test-
ing transitives (Cookie Monster is pushing Big Bird ver-
sus Big Bird is pushing Cookie Monster), and children 
around the age of 2 also demonstrate the occasional 
ability to use constructions productively. Children 
will produce novel verbs in a transitive construction 
even when the verb is modeled in a non-English word 
order—younger children do so sparingly, but they 
will produce them. And, Goldberg has documented 
production errors, such as Come Abbi! (make Abbi the 
dog come to me) and You jump me to the sky (make 
me jump up high), which appear to have been gener-
ated from generalized constructions as such errors are 
not likely to be repetitions of item-based construc-
tions the children recorded from input. 

Indeed, most constructionists suggest that both 
concrete items and more generalized constructions can 
coexist in the speaker’s grammar—the more concrete 
item serving as an exemplar of the more abstract gen-
eralization. Speakers may then use analogical and cat-
egorical processes to derive constructions from exem-
plars grouped together and may store the generalized 
patterns themselves as abstract constructions. To give 
a simple example, it may not be the case that a speaker 
must access the plural construction (NP –s) to produce 
the plural of a frequently used plural noun (e.g., books 
for a librarian) because the word books may be stored 
as an exemplar of the plural construction. Nonetheless, 
the speaker still has access to the plural construction 
and can therefore use it to generate the plural of novel 
or less frequently used words (e.g., wugs).

By the age of about 3½, children show the ability 
to readily assimilate novel verbs into common Eng-
lish constructions. If, for example, the action for a 
novel verb is modeled for children in an intransitive 
scene, they will produce it with subject–verb–object 
word order to describe a subsequent transitive scene if 
asked a question that encourages a transitive response. 
For example, children introduced to the verb fud with 
descriptions such as It’s fudding in the machine and It 
finally fudded to describe playdough being extruded 
into various shapes by a machine can be enticed by 
biasing questions such as What are you doing with the 
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dough? to produce transitive descriptions such as I’m 
fudding it.

Devin M. Casenhiser
University of Tennessee Health Science Center
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Syntactic	Development:	
Dependency	Grammar	
Perspective
Dependency grammars (DGs) are a family of linguis-
tic theories built on the dependency relation between 
two words as the building block for syntactic struc-
ture. DG is an attractive framework for developmental 
theory due to its generative use of a single mechanism 
of binary combination between two words, which is 

iterated to produce infinitely long sentences. A review 
of the developmental evidence indicates that children 
learn a dependency-type internalized grammar to 
produce their word combinations.

DG originated in the so-called Prague School of lin-
guistics of which the French linguist Lucien Tesnière was 
a member. Grammars belonging to this family include 
I. Mel’cuk’s Meaning-Text Theory, R. Hudson’s Word 
Grammar, and S. Starosta’s Lexicase, among others. 
These types of grammars are extremely prominent in 
European linguistics, but they are not very well known 
in the United States. In such syntactic theories, gram-
matical relations such as subject–verb and verb–direct 
object are seen as subtypes of a general, asymmetri-
cal dependency relation: One of the words (the head) 
exhibits a host of local control phenomena toward 
another word (the dependent). First, heads determine 
the syntactic and semantic features of the head–depen-
dent combination so that, in most cases, the combina-
tion inherits the features of the head. For example, a 
modified noun such as white cat is still a nominal just 
like cat as far as its semantics and its syntactic combina-
tory behavior are concerned. Second, heads control the 
characteristics and placement of their dependents: For 
example, the transitive verb hit in John hit Fred requires 
a preverbal subject nominal complement (John) and a 
postverbal direct object (Fred). According to theory, the 
syntactic structure of a sentence as a whole is built up 
from dependency relations between individual pairs of 
words; it has the structure of a completely connected, 
directed tree. N. Chomsky’s Minimalist Program 
employs a very similar binary operation named Merge 
as its major structural-building process; hence, the two 
theories are formally identical.

DG is a favorite among automatic parser builders 
and is used in many applications of natural language 
processing. Among other successes, IBM’s computer 
Watson, which won the game Jeopardy against two 
human champions, uses a parser built on the prin-
ciples of slot grammar, which is a DG-type syntax 
developed by M. C. McCord.

DG provides an elegant framework for develop-
mental theory due to its generative use of a single 
mechanism of binary combination between two 
words, which can be iterated to produce sentences of 
any length. The two-word atomic unit employed by 
the theory is the simplest possible word combination; 
hence, it provides an elegant description of young 
children’s word combinations at the start of syntactic 
development.
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A DG-oriented acquisition theory can, potentially, 
view all of syntactic development as a continuous 
process, beginning with the earliest two-word combi-
nations. As has been pointed out by researchers such 
as L. Bloom, M. Bowerman, M. Braine, R. Brown, 
D. Ingram, L. McCune, A. Ninio, and M. Tomasello, 
early multiword utterances are built around a ran-
dom collection of predicate words, which children 
combine with words representing their arguments 
in the relevant propositional function. The struc-
ture of such early utterances is usually described in 
semantic terms, but a review of the developmental 
evidence indicates that the earliest word combina-
tions are in most probability syntactic head–depen-
dent combinations. The earliest combinations dem-
onstrate children’s having acquired the dependency 
and linear-ordering relations between pairs of words, 
one of which is a headword and the other one of its 
semantic and syntactic dependents. Indeed, depen-
dency might play a decisive role in determining word 
order in children’s early combinations. In an analysis 
of two-word-long child utterances of a child acquir-
ing Dutch, W. van Langendonck found that depen-
dents systematically appear before heads, regardless 
of the specifics of grammatical relation involved, 
with the exception of the finite verb and its nonnom-
inal dependents, which appear in this speech sample 
postverbally. This pattern of ordering replicates the 
one found in Dutch child-directed parental speech.

Research	and	Studies
M. Vihman in an important study of the develop-
ment of early word combinations in her son Raivo, 
who grew up bilingual in Estonian and English, found 
that, in his first four months of word combinations, 
Raivo produced many mixed-language utterances, 
joining words from English and Estonian in the same 
utterance. Such mixed-language constructions can-
not derive directly from the input, as the adults in 
this child’s environment did not mix languages. In 
all cases, the combinations represent dependency 
couples, although the heads and the dependents are 
drawn from different lexicons. Other bilingual chil-
dren have also been observed to produce a high level of 
mixed-language examples in their first-word combi-
nations, such as children mixing Spanish and English 
or French and German. Such findings demonstrate 
that children generate their productive combinations 
on the basis of words’ predicate–argument semantics, 
expressing the relations as syntactic combinations, 

and not by the rote learning of positional formulae 
from the input.

English sentences are built on three core grammat-
ical relations of which are subject–verb (SV), verb–
object (VO), and verb–indirect object (VI). These 
core syntactic relations are important for discriminat-
ing between the applicability of DG and that of con-
struction grammar to models of first language acqui-
sition. Constructions are meaningful linguistic signals 
of any size, representing learned form–meaning pair-
ings. It is, however, well known that the core syntactic 
relations (also known as core grammatical relations 
or case roles) are not meaningful constructions but 
merely purely formal roles defined by their coding 
properties. Among others, R. S. Jackendoff argues that 
basic phrase structure, structural case marking, and 
agreement are syntactically autonomous, and the rel-
evant phenomena are better not included among the 
meaningful constructions covered by the theory of 
construction grammar. 

The reason, as pointed out, for instance by T. Givon, 
is that the basic transitive and intransitive construc-
tions of English do not possess prototypical semantics, 
but rather, grammatical subjects and objects can fill a 
great variety of semantic roles such as agent of action, 
patient of state, dative, and benefactive. I. Schlesinger 
reviewed some of the linguistic literature on semantics 
of direct objects and concluded that objects possess a 
practically infinite variety of thematic roles. Jackend-
off pointed out the same regarding the double-object 
construction of the ditransitive. It follows that the 
acquisition of the simplest and most important syn-
tactic relations of nominative–accusative languages 
can be accounted for only if we consider them purely 
formal syntactic relations of the head–dependent type 
as in DG and not meaningful constructions as in con-
struction grammar.

In a study exploring the acquisition of core syn-
tax in English-speaking children, A. Ninio used a 
large corpus of 421 children based on the English 
language observations transcribed and stored in the 
Child Language Data Exchange System (CHILDES) 
archive, covering the early period of word combina-
tions known as Brown’s Stage I grammar. The mean 
age of the children in the sample was 2;3.17 (standard 
deviation 0;4.1). The children’s speech was compared 
to that of a group of 506 parents. Parents produced 
338,970 tokens of core grammar. The relative fre-
quency of the three core grammatical relations was 
SV 57.6 percent, VO 40.6 percent, and VI 1.8 percent. 
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Children produced 25,795 tokens of core grammar, 
and the relative frequency of the three grammatical 
relations was SV 55.7 percent, VO 43.1 percent, and 
VI 1.2 percent. That is, in Stage I grammar, the rela-
tive proportion of children’s use of the three syntactic 
complements of verbs is already very similar to the 
distribution of the same grammatical relations in 
parental utterances.

The mastery of core syntactic relations is appar-
ently facilitated by the use of pronouns and other 
indexical referential signs. A. Ninio found that Eng-
lish-speaking parents’ two-word-long sentences of the 
SV, VO, and VI relations have indexical signs, mostly 
pronouns, as complements 94 percent of the time. L. 
McCune, investigating the SV, VO, and subject-verb-
object (SVO) patterns in four children acquiring Eng-
lish, found that pronoun use spikes before the chil-
dren begin to produce grammatical relations.

Stages	of	Syntax
At this first stage of syntax, children need only to 
learn the combinatory behavior of individual predi-
cate words on a lexically specific basis. These lexically 
specific word combinations are not, however, isolated 
from each other. For instance, when a child learns to 
produce VO combinations with a new verb, his or her 
learning is facilitated by previously having learned the 
same coding rules for other verbs. For a given set of 
coding rules, learning exhibits a typical accelerating 
learning curve over the sequence of lexemes learned 
into that pattern so that, for example, learning the 
10th verb with a direct object takes much less time 
and effort than learning the first, second, or third verb 
in this pattern. 

For example, Tomasello’s daughter Travis began 
VO combinations with the verb get, placing the direct-
object pronoun or noun in a postverbal position. 
Although she generated quite a few sentences of this 
type with the verb get, it took her almost a full month 
to proceed from the first verb to the second, find, in 
this pattern. After this slow start, however, other verbs, 
such as open, catch, and hold, appeared one after the 
other with a postverbal direct object, the learning of 
their syntactic behavior apparently facilitated by the 
previously learned verbs with the same syntactic rule. 
Transfer of learning within a given syntactic pattern is 
made easier by the fact that children have a tendency to 
learn early on general lexical items such as all-purpose 
or generic verbs (e.g., the transitive verbs do, make, 
and want and the intransitive verbs come and go); such 

path-breaking verbs may provide easy-to-apply tem-
plates for the syntactic pattern for other, more specific 
ones, as claimed by E. Clark. Transfer of learning and 
facilitation are based on similarity of form and not of 
meaning; hence, a subject that is an agent of action 
can still facilitate the acquisition of a subject that is 
an undergoer or a patient. In addition, syntactic con-
structions facilitate each other’s acquisition if they are 
merely similar but not identical in their form, as was 
found in a study by K. Abbot-Smith and H. Behrens 
comparing two German passives, one of which (the 
sein passive) was apparently easier to learn than the 
other (the werden passive) due to the former’s similar-
ity to previously learned constructions using the same 
auxiliary verb, such as the copula construction.

After learning the basic dependency combinatory 
mechanism and the generation of two-word syn-
tactic atoms, the next developmental task is extend-
ing the syntactic structure to include more than one 
dependency relation. That is, children need to learn 
to apply the dependency operation iteratively. This 
skill is needed in order to build three-word sentences 
and, with repeated iterations, sentences of any length. 
Evidence for the acquisition of the principle of itera-
tion of the head–dependent relation as a separate 
developmental stage comes from researchers such as 
L. Elbers, G. Ewing, J. C. Hill, and S. Powers, who have 
observed that moving from a single two-word combi-
nation to a three-word-long sentence in which a sec-
ond dependency relation is built on one of the origi-
nal words poses a special difficulty for some children. 
In particular, sometimes children repeat the shared 
word participating in the two combinations, creat-
ing a sequence of two separate dependencies instead 
of a combined one, such as in the sentence Take this, 
this ball. With further development, the shared word 
occurs only once, generating the correct Take this ball.

The processing load posed by the dependency 
structure of different three- and four-word construc-
tions predicts the order of their acquisition. Analysis 
by A. Ninio of an English-speaking child’s first 102 
sentence types of three and four words (produced 
when the child was between 1;6.8 and 1;7.18) showed 
that, with the exception of just 10 sentences, in the 
overwhelming majority (90.2 percent) were the all-
adjacent type; namely, all dependency couples were 
immediately adjacent to each other. For instance, in 
the sentence Mommy made book, both Mommy and 
book are dependents of the verb made, and both are 
adjacent to it. In the minority of sentences, such as 
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Draw me man, both me and man are dependents of 
the verb draw, but the first dependent (me) separates 
the second dependent (man) from its head (draw). 
In usual syntactic terminology, codependents of the 
same head are sisters, thus this sentence is an exem-
plar of the pattern in which a dependent is separated 
by a sister dependent from their shared head. There 
were practically no sentences among the first 102 in 
which a dependent was separated from its head by its 
own dependent, as would be in the sentence Draw yel-
low ball, where yellow is a dependent of ball. 

For comparison, the next 272 sentence types of 
more than two words were also analyzed; these were 
produced when the child was between 1;7.19 and 
1;8.8. Of these sentences, 74.3 percent were the all-
adjacent type as all dependents were immediately 
next to their syntactic heads, as in the sentence Maria 
hit me, where both Maria and me are adjacent to 
their head hit; the rest, 25.7 percent, had at least one 
dependent separated from its head. This result shows 
a considerable and significant increase in the more 
complex constructions at this second period of the 
development of three-plus word combinations. The 
next pattern to develop after the all-adjacent one is 
where a dependent is separated by a sister dependent 
from their shared head, as in the sentence Maria told 
me draw, where both me and draw are dependents of 
told, and me separates its sister draw from the head 
told. The third pattern involving a dependent that 
is separated from its head by its own dependent (as 
would be in the sentence Bring big apples, in which 
the attributive adjective big separates its head apples 
from that word’s head bring) is a later acquisition, and 
there were practically no sentences of this kind in the 
relevant age range.

The results of this study were replicated on a 
sample of children acquiring Hebrew. Analyzed were 
10-month-long longitudinal home observations 
of 16 children, half from 18 to 28 months and half 
from 22 to 32 months old. There were 2,510 analyz-
able three-word utterances in the corpora. Sentences 
in which all dependents are immediately adjacent to 
their heads constitute about 80 percent of all three-
word utterances at this age group; moreover, their 
proportion continues to be very high throughout the 
22- to 32-month period, with a very slight tendency to 
decrease. Sentences in which a dependent is separated 
in the string from its head by a codependent consti-
tuted about 17.5 percent of all sentences; this pat-
tern gains in frequency with increased age. The third 

type—sentences in which a dependent is separated 
from its head by its own dependent—account only for 
less than 5 percent of the overall production, and its 
frequency does not show a tendency to increase with 
age in the investigated age range. Again, all-adjacent 
dependencies were the first to develop, followed by 
sister-separated dependents.

These findings provide a window into the cogni-
tive processes through which the means of sentence 
generation and interpretation are carried out. When 
two syntagmatically related words are in each other’s 
immediate neighborhood in the vocal string, it means 
that these two words may be accessed in immediate 
succession. In psycholinguistic terms, a dependency 
relation is a computational command to the effect 
that, during sentence generation and comprehension, 
the information carried by the two separate words 
comprising the dependency couple is to be com-
bined or synthesized; if these words are immediately 
consecutive, this procedure can be carried out with-
out recourse to storage in, and retrieval from, short-
term memory. During sentence generation, if the 
two members of a dependency couple are to be sepa-
rated by some intervening material in the sentence, 
the processing of one dependency relation is inter-
rupted by the processing of another, thus creating an 
open dependency for the duration. Until the second 
member of the couple is generated, the speaker has to 
keep in short-term memory the fact that such a clo-
sure is pending. For example, the generation of Give 
him apples requires that the speaker store the demand 
for the second dependent of give until after the first 
dependent (him) is produced.

Open dependencies also demand extra processing 
during the interpretation of sentences. Listeners have 
to store in memory all words whose requirement of a 
head have not yet been satisfied until the head word 
is encountered. For instance, in the sentence Children 
in school and day care often catch common infections 
from their peers, the word children is separated by six 
other words from its syntactic head, the inflected verb 
catch, requiring that the listeners keep the word in 
storage while processing the six words in between. In 
addition, listeners have to backtrack their way in the 
sentence when they encounter a word whose head is 
a word that has already been processed (e.g., apples in 
Give me apple, or quickly in Come here quickly). There 
is evidence from adults that the storage and retrieval 
processes involved take up considerable short-term 
memory; there seems to be a very strict absolute limit 
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on the number of open dependencies operative at the 
same time in a sentence so that if their number passes 
three, the sentence is incomprehensible (e.g., The rat 
the cat the dog chased ate died.) 

Except for the basic principles of dependency and 
its iterative application, the further growth of a DG-
type grammar in children is driven by the develop-
ment of vocabulary. Not only is each predicate to be 
learned on an individual basis, together with the syn-
tactic relations it needs to or can be involved in, but 
the level of organization of children’s syntactic system 
appears to be considerably influenced by the acquisi-
tion of so-called functional items such as determiners, 
prepositions, and auxiliary verbs. B. Corominas-Mur-
tra, S. Valverde, and R. V. Solé, working in the complex-
ity science tradition, analyzed the longitudinal corpus 
of a child obtained from the CHLDES database and 
built a syntactic network where words are connected 
through syntactic links to all other words that are in 
a head–dependent relation within the transcribed 
child’s sentences. They found that when children are 
around 2 years of age, there is a sharp transition in the 
structure of the syntactic network, from a less orga-
nized structure to a much more adultlike and complex 
organization. They connect this leap to a sudden lexi-
cal explosion of functional words in the child’s vocab-
ulary just prior to this time. That is, both the specific 
components and the global organization of the child’s 
syntactic system are driven by advances in the lexical 
items the child is mastering.

Recently, an automatic syntactic parser (MEGRASP) 
was added to the programs available to CHILDES 
users, updating a previous version called GRASP. This 
program, developed by K. Sagae and colleagues, uses 
information on the morphological tier of the CHIL-
DES files to generate labeled syntactic dependencies. 
This is a parser in the tradition of DG. The parser has 
been used to tag the grammatical relations in the Eng-
lish, Spanish, Mandarin, and Hebrew segments of the 
CHILDES database. Hopefully, the availability of an 
automatic dependency parser will open the door to 
many future studies of syntactic development from 
the DG perspective.

Anat Ninio
Hebrew University of Jerusalem
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Syntactic	Development:	
Generative	Grammar	
Perspective
Classic folklore facts from early acquisition—including 
so-called overgeneralization errors like goed—show 
that children use rules as opposed to mere imitation 
in learning a language. Child creativity abounds every-
where and requires an intricate representational sys-
tem to capture. How does a child know that a my pencil 
is not acceptable in English, even though it is perfectly 
fine in the Italian, una mia matita? How does a child 
know that inventing the recursive use of another, as 
one child did in there’s another another box to refer to 
a second box, is a possible form of recursion in some 
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languages but not in English? How does a 4-year-old 
quickly grasp that one sentence can be inside another 
entailing a whole range of points of view (I thought 
you said they gonna be warm)? How does the child 
assign a structure to a compound noun that gives a 
different meaning to houseboat and boathouse? And 
why, equally astonishing, do we not find spontaneous 
inventions everywhere—for example, why is emphatic 
recursion allowed on adjectives (a big, big house) but 
not on noun phrases (funny surprise, funny surprise 
happened) or determiners (a the hat)? 

Noam Chomsky first proposed the theory of gen-
erative grammar in 1955. After nearly half a century, 
this theory still provides an indispensable framework 
that allows us to trace—with intricate precision—the 
virtually identical acquisition paths children follow in 
acquiring language. The challenge is to explain how 
children select just the right grammar for their lan-
guage from all of the possible grammars in a short 
period of time—despite the lack of evidence of orga-
nizing principles in the input they receive. Chomsky 
made the famous poverty of stimulus argument, sug-
gesting that the grammars of human languages are 
essentially unlearnable given the limited input pro-
vided to children: Parents do not really correct their 
children; that is, no one tells their child that what 
he or she has said is ungrammatical. Because the 
grammar operates on the timescale of milliseconds, 
an automatic mechanism, rather than a deliberative 
process, must be at work. Chomsky proposed that 
the grammatical mechanism comprises unconscious 
rules that project hierarchical structure and constrain 
movement of structures. The grammar is generative 
in the sense that its rules are designed to allow for the 
infinite expression of creative ideas and feelings.

This entry focuses on three technical ideas crucial 
to the generative grammar framework: (1) labeled 
hierarchical structure; (2) movement, that is, the 
interpretation of a displaced element far from its 
origin; and (3) restricted recursion in syntax. These 
concepts have received extensive empirical support in 
the acquisition literature; this entry focuses on a few 
key examples. The most startling fact is that children’s 
grammar complies, at every step, with the abstract 
principles proposed for adult grammar.

Merge
The first fact about language acquisition to appreciate 
is that children never just combine words as equals; 
they always impose an asymmetrical structure in 

which one word is a head. This constraint-blocking 
symmetrical merge appears to be an innate part of 
Universal Grammar, which provides a template for 
the possible grammars of human languages.

Asymmetric merge can be seen most simply in com-
pounds: An expression like boathouse is different from 
houseboat, with the former being a house and the latter 
a boat. That is, the right-hand member is the head. The 
same holds of course in phrases like big house where the 
head is house. Lois Bloom observed in 1970 that chil-
dren did not say Mommy Daddy or meat rice or knife 
fork, which would reflect a conjunctive and relation. 
Instead, an asymmetry was always present in children’s 
word combinations, as in eat raisin (eat dominates), big 
hat (hat dominates), or no soap (soap dominates).

This asymmetry is captured by the notion of labeled 
merge, such that the combination is dominated by a 
noun phrase, verb phrase, negation phrase, and so on. 
While these grammatical concepts have obvious con-
nections to mental distinctions (noun = thing, verb = 
action), the grammatical noun phrase is abstract as it 
allows verbal derivatives (e.g., the ride) and is defined 
by its formal properties as opposed to its semantics. 

Asymmetric merge applies recursively, which 
means that one can apply the operation to its own 
output, that is, to embed a grammatical structure 
inside itself in order to create more complex forms, 
such as: houseboat magazine rack or John’s friend’s 
father’s hat. Each possessive reapplies labeling (noun 
phrase, verb phrase, adjective phrase, etc.) so that 
the combination inherits the syntactic features of 
the head. Importantly, from the time children begin 
combining words, they start producing hierarchically 
labeled structures (e.g., No sun shining) consisting of 
three or more words. Note here that the asymmetric 
merge operation that builds such hierarchical syntac-
tic structures is quite distinct from mental operations 
that build semantic hierarchies, such as the concep-
tual hierarchy of hound to dog to animal to organism.

Hierarchical	Structure
A sequence of labeled categories has a fixed hierarchy 
from top to bottom, as in example (1):

(1) Sentence
 Subject Noun Phrase
  Verb Phrase 
   Object Noun Phrase
    Adverb
[=> the dog chases the boy barking]
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This might seem obvious or inevitable, but why 
should sentences not be constructed another way, 
perhaps with their constituent parts interwoven in 
terms of situational importance, as in (2)?

(2) Barking boy, dog chase 
(= the dog chases the boy barking).
Adverb, Object, Subject, Verb 
 
A moment’s reflection shows that matters of inter-

est, or of salience, or of intentionality, or of time are not 
obeyed by sentence structure—in any language of the 
world—although surely a computer language could be 
built that would order words that way. The hierarchy, 
once projected by the child from linear strings of words, 
allows higher elements to dominate lower ones, to cre-
ate structures that control reference. With regard to 
pronouns, this can be stated as the following constraint 
on possible grammars: A pronoun cannot dominate 
(c-command) its referent independent of word order. 
It has been shown that 3- to 4-year-old children know 
this constraint without any training. Consider the fol-
lowing scenario introduced by S. Crain and colleagues 
in 1996: The Ninja Turtle eats pizza, but the Robocop 
declines to eat pizza, then the Turtle dances. After being 
presented with this scenario, two out of three children 
said no to (3a) but yes to (3b):

(3a) He ate pizza, when the Ninja Turtle danced.
(3b) When he ate pizza, the Ninja Turtle danced.

In other words, two out of three children allowed 
backwards coreference just when a subordinate clause 
was present. It is precisely at this subtle level that the 
innateness claim of Universal Grammar has great 
power in explaining children’s intuitions. In (3a) he 
dominates Ninja Turtle, so it cannot be the Ninja Tur-
tle, but in (3b) the after clause buries he so that it does 
not directly dominate the clause with Ninja Turtle. 
In simplified terms, sentence (3a) has the structure 
shown in (4a), where he is higher and directly linked 
to the dominating sentence (S1):

(4a)      S1
             /  \
          he ate pizza
  \
   S2
                  /  \
 when the Ninja Turtle danced

In contrast, sentence (3b) has the structure shown 
in (4b), where he is lower and does not connect imme-
diately to a node dominating Ninja Turtle:

(4b)        S1
     /      \
          PP      S3 
  /  \            \
      when S2      Ninja Turtle danced
          /  \
      he ate pizza

There is a common intuition that pronouns follow 
the noun they refer to. The intuition can be rescued 
if we add transformational power to the grammar, as 
shown in example (5):

(5) When he ate pizza, the Ninja Turtle danced  
( ).
<==================== when he ate pizza

One could plausibly argue that (5) is the origin of 
(4b). We can express that origin by a movement trans-
formation that preposes the when clause, creating 
the same domination relation (at the deep structure 
level). This set of principles from Universal Gram-
mar—asymmetric merge, domination of pronouns, 
and movement—is viewed as a biological mechanism, 
an innate language acquisition device.

Movement
Movement is intuitive and, one might think, inferable 
from meaning, as in example (6), where by common 
sense, one is led to the assumption that what food 
must be restored after the word ate.

(6) What food did John say that Bill ate?

Again, however, the unique properties of Universal 
Grammar are evident at a subtler level. Consider the 
ambiguous example (7):

(7) When did he say John came home?

This question can either mean when John came 
or when he said it. The latter meaning, however, 
is blocked if we insert another question word, as  
in (8):

(8) When did he say how John came home?
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It is this so-called barrier effect for the long-dis-
tance reading of when that calls for unique linguistic 
representations that are not derived from cognition. 
Such a meaning is easily thinkable, and so it is not 
its cognitive status that produces this ungrammatical-
ity. The same holds for example (9), which is sharply 
ungrammatical, although it is quite thinkable:

(9) Who do you know how__ sang?

There is no evidence that children ever say such 
things, although we do find long-distance recursive 
sentences in the language of 3-year-olds, as in (10), 
taken from the Child Language Data Exchange System 
(CHILDES) database: 

(10) What do you think the kangaroo’s gonna 
think?

Twenty years of experimental research have shown 
that children in half a dozen languages—even children 
with language impairments—do not allow a long-
distance reading of a question that would require one 
to jump over a wh– word in the middle, even when 
invited by context. Consider the following scenario 
where a mother learned from a TV show to make a 
lovely cake with pudding mix. The child is then asked 
question (11):

(11) How did she learn what to bake?

Studies of several thousand children show that 
some answer cake in all these languages, but virtually 
none answer with pudding mix, although that answer 
is fine if no wh– word intervenes, as in (12):

(12) How did she learn to bake? => with pudding 
mix

Chomsky’s 1986 theory of barriers argues that one 
cannot move a wh– phrase long distance over another 
wh word, with Universal Grammar defining this inter-
face between movement and interpretation. Movement 
can in fact occur at an invisible level where meaning is 
entailed. Consider the ambiguous example (13):

(13) One girl helped every boy.

It can mean there is one girl who helped every boy, 
or alternatively, one can move every boy outside to get 

a reading like for every boy, there is one girl who helped 
him. Moving every boy outside appears to be more 
than a paraphrase because it obeys the same constraint 
on movement we saw before, as illustrated in example 
(14), which allows only the single girl reading—as if 
every boy cannot jump over how, out of its clause:

(14) One girl knows how to help every boy.

While invisible movement restrictions of this sort 
are eventually mastered by children at around 6 years 
of age, visible movement is blocked from the outset. 
The important point is that both kinds of movement 
are subject to the same constraints, which lie far beyond 
instruction. Again, it is the interface between syntax, 
logical structure, and the meaning of propositions that 
Universal Grammar stipulates. Why do younger chil-
dren not grasp the limitation on invisible movement? 
The question remains open, but in general, it seems 
that children have difficulty linking quantifiers to just 
one noun. Many children misconstrue sentences like 
example (15), in a context where there is an extra bike 
that is not associated with one of the girls: 

(15) Every girl is riding a bike.

In this scenario, children often say not this bike as 
if the quantifier applied to the whole clause. Instead 
of every modifying the noun, it is as if the child were 
interpreting the sentence to mean girls always have 
bikes.

Adults as well do not always nail down quantifiers 
as tightly as one might think, as illustrated in example 
(16), which really means many Nobel Prize-winners 
are Scandinavians and not that several million Scandi-
navians won the Nobel Prize:

(16) Many Scandinavians won the Nobel Prize.

Children, like adults, must learn to restrict where 
quantifiers can apply, particularly for such rare sen-
tence structures. Invisible operations are the strongest 
evidence that abstract principles are at work here.

Recursion
This entry will now move to how children acquire lan-
guage-specific forms of recursion, which embed merge 
into other structures. The fact that not all kinds of 
structures are recursive points to the subtle degrees of 
freedom that are found across grammars of the world. 
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The fact that recursion is often very rare means that 
the child must be innately poised to recognize it dur-
ing a critical period of development. The critical period 
hypothesis proposes that, if Universal Grammar is a 
biological system, then it might be subject to a limited 
period (2–7 years perhaps) in which the primary prop-
erties of the child’s grammar must be set through expe-
rience with relevant structures in the input.

With regard to learning the language-specific 
forms of recursion, consider that English has recur-
sive possessives primarily to the left of the noun, as in 
(17a), whereas German has recursive possessives to 
the right through the determiner system, as in (17b), 
where the possessive is built into the article. In con-
trast to English, German allows only a single posses-
sive to the left, as in (17c), and disallows recursive 
possessives, as in (17d):

(17a) Maria’s friend’s house
(17b) das Haus des Freundes der Maria [the house 
of the friend of Maria]
(17c) Marias Haus
(17d) *Marias Freundes Haus (* = ungrammatical)

This fact proves that examples of single pos-
sessives are not sufficient evidence for children to 
generate recursion: A child must hear the recursive 
form to register a recursive capacity. Accumulating 
evidence from English, German, Spanish, Japanese, 
and Wapachana suggests that the shift to recursion 
in each language occurs quickly; for example, Japa-
nese 5-year-olds can, amazingly, understand the 
equivalent of Show me Kita’s brother’s friend’s dog’s 
ball. There appears to be a critical moment in every 
grammar wherein recursion is discovered for each of 
a variety of structures. Examples of such structures 
for English are shown in (18):

(18) big, bad, strange dog
coffee-maker maker
John’s friend’s father’s hat
John believes that Bill believes that Susan is smart.
John believed himself to be supposed to be the 
captain.

Interestingly, unlike Bantu, English does not allow 
recursive serial verbs; as in examples (19a–b):

(19a) Come play ball.
(19b) *Come play enjoy ball.

How often do children have opportunities to recog-
nize where recursion is possible? Combinations such 
as vacuum-cleaner seller or pencil-sharpener delivery 
appear to be extremely rare in the input, and it takes 
children time to master them. For example, M. Hiraga 
in 2010 observed that a 7-year-old could recognize 
that the novel English verbal compound tea-pourer-
maker meant he made the thing that pours the tea, 
whereas a 5-year-old said that it meant he made and 
poured the tea. English verbal compounds are even 
rarer than bare compounds like home improvement 
society brochure and require an extra operation that 
inserts the suffix –er while incorporating the object. 
This operation is shown in example (20), which gen-
erates coffee-maker maker:

(20) [make [make coffee +er] +er]
=> coffee-maker => coffee-maker maker

Given the rarity of these forms in the input, it must 
be the case that children need to hear only a few forms 
to trigger that form of recursion in their language. 
This is the basic thrust of the innateness claim of Uni-
versal Grammar—that the acquisition system looks 
for examples of recursion to set the relevant param-
eters within the grammar.

Parameters	and	Interfaces
This entry has left until last a question that often 
comes up first: How does a child choose among pos-
sible grammars? Part of the answer is that they do not: 
They keep pieces of other grammars inside the gram-
mar of their own language.

A classic question is how a child knows that his or 
her language allows subjects to be dropped. In Italian 
one can say è qui, the equivalent of __ is here, meaning 
he is here, while exactly this form would be ungram-
matical in English. On the other hand, English does 
allow forms like Seems nice to me or Looks good, which 
keep open the possibility of omitting subjects.

How then does a child know that English is not Ital-
ian? If the generalization is lexically limited to verbs 
like seem and looks, then the generalization should stay 
very limited, as suggested by the work of W. Snyder on 
conservatism in grammar learning. One important 
hypothesis, suggested by N. Hyams, is that the appear-
ance of a semantically empty dummy subject, such as it 
or there, signals that subjects are obligatory. For exam-
ple, in the sentence There is a hat here, pragmatics tells 
us that something cannot be both here and there at the 
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same time. Given the existence of dummy subject pro-
nouns in English, the seems-like cases are relegated to 
lexical exceptions, which, still indeed, allow the Italian 
grammar to work in a corner of English. Once set, the 
parameter for obligatory subjects entails consequences 
elsewhere in the grammar, for instance, in how agree-
ment features work for the absent subjects in Italian.

A variety of parameters have been proposed, cover-
ing both core and peripheral parts of grammar includ-
ing verb–object or object–verb word order, aspect, 
tense, presence or absence of clitics, and so forth. For 
each structure, the logic is the same—the presence of 
critical structures in the input pushes the child to set 
the parameter in one direction or the other, with fre-
quency effects potentially playing a role in the setting 
of parameters as well.

The original concept of innate grammar was built 
around the presupposition of modularity and the 
autonomy of syntax. If the syntax had its own system, 
then it would not be drawn into the virtually infinite 
subtlety of semantics. If a child were to look for an 
abstract notion of a noun phrase, then the fact that 
the referents of those noun phrases vary from physical 
objects (hat) to abstractions (idea) to deverbal nouns 
(a push) would not matter. Yet, semantics (and prag-
matics), even if outside the syntactic system, do seem 
to play a critical interface role where interface refers to 
systematic connections between systems.

Take as an example, children’s acquisition of the 
passive. When a child grasps the passive, it is certainly 
aided by what Chomsky calls a triggering experience. 
For instance, grasp of the passive sentence The soup 
was eaten is assisted by the joint realization that soup 
must be the object of eat and not the eater, paired with 
an extralinguistic context where someone is in fact 
eating soup, and critically, the syntactic capacity to 
move the subject back to the object position, as sum-
marized in (21):

(21) pragmatic: someone eats soup
semantic: soup combines with eat to create a 
plausible meaning
syntax: move subject to object position

Conclusion
This entry has sketched the larger dimensions of how 
generative grammar provides a framework for lan-
guage acquisition. The discussion has been selective 
and leaves out many topics that may interest readers, 
including how coreference works, the connection of 

syntax to morphology, clitic languages, classifier sys-
tems, and other dimensions of syntactic structure. 
Rather, this entry has illustrated the generative skel-
eton onto which various modules of grammar, like 
case assignment, prosody, and logical form (quanti-
fication), must be mapped. This edifice welcomes the 
rapid projection of thought, which in turn becomes 
available for communication, with the entire mental 
system built from the kinds of mechanical interfaces 
that characterize biology.

Tom Roeper
University of Massachusetts, Amherst 

See	Also:	Chomsky, Noam; Critical Period in Language 
Development; Domain Specificity; Grammatical 
Categories; Principles-and-Parameters Framework; 
Quantifiers; Syntactic Development: Dependency 
Grammar Perspective; Universal Grammar.

Further	Readings
Baker, M. The Atoms of Language: The Mind’s Hidden Rules 

of Grammar. New York: Basic Books, 2001.
Chomsky, N. Aspects of the Theory of Syntax. Cambridge, 

MA: MIT Press, 1965.
Chomsky, N. Barriers. Cambridge, MA: MIT Press, 1986.
Chomsky, N., M. D. Hauser, and W. T. Fitch. “The Faculty 

of Language: What Is It, Who Has It, and How Did It 
Evolve?” Science, v.298/5598 (2002).

de Villiers, J. and T. Roeper, eds. Handbook of Generative 
Approaches to Language Acquisition. Dordrecht, 
Netherlands: Springer, 2011.

Guasti, M. T. Language Acquisition: The Growth of 
Grammar. Cambridge, MA: MIT Press, 2002.

Hyams, N. Language Acquisition and the Theory of 
Parameters. Dordrecht, Netherlands: D. Reidel, 1986.

Roeper, T. The Prism of Grammar. Cambridge, MA: MIT 
Press, 2007.

Snyder, W. Child Language: The Parametric Approach. 
Oxford, UK: Oxford University Press, 2007.

Syntactic/Structural	Priming
Syntactic or structural priming refers to facilitation 
in producing or understanding a sentence structure 
after prior exposure to that structure. For example, 
children and adults are more likely to produce a pas-
sive structure (e.g., The rabbit was chased by the lion) 
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if they have recently produced or heard another per-
son produce a passive structure (e.g., The window was 
broken by the ball). 

This priming effect can be purely structural in that 
it happens even when two sentences do not share lexi-
cal or semantic content. Researchers have used this 
phenomenon to investigate important questions, such 
as the nature of syntactic representations in young 
children learning their native language, the integra-
tion of syntactic structures across languages in bilin-
guals, the relation between priming and long-term 
learning, and the potential application of structural 
priming in education and clinical practice.

Nature	of	Syntactic	Representations		
in	Young	Children
As part of developing into a native speaker of a lan-
guage, children must (implicitly) acquire the syntactic 
rules that allow them to produce and understand new 
sentences. A central question in language acquisition 
is whether children begin the process by learning lexi-
cally specific sentence frames and gradually abstract-
ing over them (lexicalist theories) or, alternatively, 
whether children begin the process with abstract cat-
egories that extend beyond individual lexical items 
(early abstraction theories). 

The structural-priming paradigm is well suited 
to address this question because researchers can test 
whether priming occurs between sentences that con-
tain the same or different lexical items. Facilitation 
between sentences that share content words (e.g., Give 
the lion the ball → Give the horse the book) could be 
explained either by the priming of lexically specific 
structures (e.g., Give the ____ the ____) or by the 
priming of structures containing abstract categories 
(e.g., <verb> the ___ the ___). In comparison, facilita-
tion between sentences that do not share any content 
words (e.g., Give the lion the ball à Show the horse the 
book) must be explained by the priming of abstract 
structures.

The structural-priming paradigm offers comple-
mentary advantages to other methods that are used to 
evaluate young children’s language, such as natural-
istic observation of children’s everyday language and 
experimental studies that teach children novel verbs. 
Unlike naturalistic observation, the stimuli presented 
to children in priming studies can be precisely manip-
ulated. Output measures from multiple children can 
be averaged and compared between experimental 
conditions. Novel-verb studies share these advantages. 

They characterize how children understand and pro-
duce new verbs taught under controlled experimental 
conditions. The priming paradigm offers an addi-
tional advantage in allowing the use of verbs that chil-
dren already know, making it more naturalistic.

Several structural priming studies have now shown 
that children age 3 and older show priming between 
sentences containing different lexical items. These 
results support the idea that, by 3 years of age, children 
can encode sentence structures using abstract catego-
ries that go beyond individual lexical items. Priming 
during sentence production and comprehension, as 
well as between comprehension and production, sug-
gest that these abstract syntactic representations are 
shared between the comprehension and production 
modalities. Eye-tracking experiments show that prim-
ing influences children’s real-time processing of sen-
tences (or parsing) as they hear the sentences unfold.

Practical considerations may interfere with 
researchers’ abilities to unambiguously determine the 
nature of syntactic representations in children much 
younger than 2 to 3 years. A facet of structural priming 
offers an indirect but promising solution to the prob-
lem. In adults, structural priming does not require the 
repetition of lexical items, but it is often enhanced by 
it (the so-called lexical boost). For example, priming 
is found between two sentences containing the same 
verb (e.g., give) as well as between two sentences con-
taining two different verbs (e.g., give and show), but 
the effect is larger in the former case. The develop-
mental trajectory of the lexical boost might help adju-
dicate between lexicalist and early abstraction theo-
ries of language development. 

Lexicalist accounts propose that children progress 
from early reliance on lexically specific representa-
tions to later reliance on abstract structural represen-
tations. Thus, such accounts would predict that the 
lexical boost would decrease with age. In contrast, early 
abstraction accounts propose that children begin the 
acquisition process with abstract structural representa-
tions. Thus, such accounts would predict that the lexical 
boost would increase with age as children learn about 
the ways in which particular lexical items are used. One 
recent study compared abstract priming effects and the 
lexical boost in 3- to 4-year-old children, 5-to-6-year-
old children, and adults. All three age groups showed 
abstract structural priming. The lexical boost was larg-
est for the adults, smaller for the older children, and 
nonexistent for the younger children, in accordance 
with the prediction of early abstraction theories.
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In summary, the structural-priming paradigm is 
a useful method for evaluating the syntactic repre-
sentations underlying young children’s language. 
Studies conducted thus far offer more support for 
early abstraction than lexicalist theories of acquisi-
tion. However, important questions remain about 
whether the scope of children’s early abstractions are 
narrower, broader, or roughly the same as in adults, 
and whether language development involves the inte-
gration of lexical items and abstract structures in a 
single system or the independent maturation of two 
different memory systems.

Syntactic	Representations	in	Bilinguals
Many children grow up listening to multiple lan-
guages either because their parents speak two differ-
ent languages or because the family lives in a com-
munity where the majority of people speak a different 
language. Do bilinguals represent the structures of 
the two languages entirely separately? Or, do they 
integrate similar syntactic structures from the two 
languages? The structural-priming paradigm can be 
used to address this question by investigating whether 
hearing or producing a syntactic structure in one lan-
guage primes a similar structure in another language. 
Several studies with adults concur in finding cross-
linguistic priming, which suggests the sharing and 
integration of syntactic representations from different 
languages in bilingual minds. Only a handful of such 
studies have been conducted with bilingual children. 
The findings offer preliminary support for cross-lin-
guistic integration in bilingual children. Open ques-
tions include whether the priming is truly syntactic 
or reflects some other level of processing, such as 
discourse function, whether priming occurs between 
typologically unrelated languages, and whether there 
is asymmetry in priming whereby one language 
primes another but not vice versa. Answers to these 
questions could be relevant to the education of bilin-
gual children in an increasingly globalized world. 

Structural	Priming	and	Long-Term	Learning
In adults, structural-priming effects have been shown 
to persist over time, for example, even when there 
are many intervening sentences between a prime and 
a target sentence. In addition, the extent of prim-
ing appears to be unrelated to participants’ explicit 
memory for the prime sentences. This profile suggests 
that structural priming reflects the operation of an 
implicit learning mechanism whereby tacit exposure 

to sentence structures can create long-term changes 
to the language system. At least two studies have 
reported persistent structural priming effects in 4- to-
5-year-old children. Future research should evaluate 
the necessary and sufficient conditions for long-term 
priming in order to determine the underlying source 
of these effects in children.

Applications	of	Structural	Priming	
Several features of structural priming make it well 
suited for applications in education and clinical prac-
tice. First, as described above, the effect of priming 
may persist over time, reflecting long-term learning. 
Second, the priming effect may be implicit requiring 
no explicit memorization on the part of the partici-
pant. Third, less skilled language users (and less-prac-
ticed sentence structures) often show the largest prim-
ing effects, suggesting that priming may benefit those 
who need it the most. Fourth, structural priming cuts 
across languages and can therefore be employed with 
bilingual children.

The preschool years (3 to 6) constitute an impor-
tant phase of syntactic development wherein chil-
dren progress from using simple to complex syntac-
tic structures. The structural-priming paradigm can 
be easily adapted as child-friendly games that teach 
complex syntactic structures to typically develop-
ing children, either individually or in groups. One 
study has shown improved production and compre-
hension of passive structures by 4-year-old children 
after repeated exposure in a preschool setting. In later 
years, priming may be used to teach more advanced 
syntactic skills. Priming effects are evident in written 
as well as spoken language. Thus, the paradigm is suit-
able for middle- and high-school ages and beyond.

Important features of clinical practice such as fre-
quent input and language modeling already paral-
lel features of the structural-priming paradigm. A 
detailed investigation into the most effective condi-
tions for long-term priming could assist clinicians 
in designing interventions. Researchers have begun 
to explore structural-priming effects in populations 
diagnosed with aphasia, specific language impairment 
(SLI), and stuttering. The experimental paradigms 
used in such studies may be adapted to the clinic to 
improve the syntactic skills of these and other popula-
tions with language difficulties.

Malathi Thothathiri
George Washington University
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Syntax,	Complex
The child’s task in developing syntactic complexity 
is addressed below, as follows: The relevant linguistic 
domain is defined, different approaches to the topic 
are noted, and the developmental route in producing 
complex syntactic constructions is delineated—from 

toddlers through to late school age. This entry deals 
with what is generally termed acquisition of complex 
sentences in earlier studies of Melissa Bowerman and 
John Limber and in more recent studies based on 
both usage-based construction grammar and formal 
generative models, illustrated by Holger Diessel and 
Barbara Lust, respectively. 

The focus here is on clause-combining (CC) as 
the process by which clauses are linked together into 
larger syntactic constructions. Reliance on the clause 
as a linguistic unit that contains a predicate expressing 
a single unified situation avoids crediting young pre-
literate children with the abstract grammatical con-
cept of sentence while showing how their language 
develops beyond isolated utterances as behavioral 
stretches of speech output into structurally motivated 
linguistic units.

Children’s pre-CC language production typically 
proceeds from single-word utterances to combining 
words, with clausal constructions emerging later. Once 
simple-clause constructions of three or more constit-
uents are established, around age 2 years, children go 
beyond isolated, simple clauses to combine more than 
one predication in a single syntactic or intonational 
envelope. That is, they will string together two or more 
clauses by processes of CC available in their native 
language, chaining clauses linearly by coordination 
and also embedding interdependent clauses by sub-
ordination, as illustrated in (1) and (2) respectively. 
Clause boundaries are marked by a square bracket ] 
and end of utterances by ]], and parentheses indicate 
optional elements; angled brackets in (2c) indicate 
that two or more dependent clauses need not be adja-
cent to one another but can be embedded inside the 
main clause—in constructions that typically emerge 
late in development.

1. Coordination—stringing together two or 
more clauses of similar syntactic status, for 
example, It my house] not yours]], I take 
blocks] and (you) make a house]];

2. Subordination—combining two or more 
clauses in a relation of dependency to a main 
clause by: 
a. adding complement clauses to verbs of 

wanting, saying, or thinking, for example, 
I want] to make a house]], he said] (that) 
he’ll make a house]];

b. elaborating on the main clause by 
adverbial clauses that express the 
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circumstances—time, reason, condition, 
and so on—relating to the content of the 
main clause, for example, she had a bath 
] before going to bed ]], they need a new 
house] because their old one is too small]]; 

c. Adding information to modify nouns  
by relative clauses (RCs), for example, 
they live in a house] that is 500 years old]], 
the girl <you are talking about> is my 
sister]].

Coordination
Different answers have been proposed to the ques-
tion of why children (and speakers in general) should 
develop complex syntax rather than providing the 
same information in sequences of simple clauses. In 
generative frameworks, in which learners have access 
to essentially the same abstract representations that 
characterize the adult system, complex syntax con-
stitutes a realization of Universal Grammar in terms 
of CC projection based on principles of recursivity 
and structure dependence. From a psycholinguistic 
processing perspective, complex syntax condenses 
information in the interests of economy and speed 
of online speech output. In functional, cognitivist 
approaches, CC reflects preferred means for encod-
ing relations between situations in terms of what is 
going to be said, what derives from or is dependent 
on what, and of adding new comments to formerly 
established topics. 

Related, discourse-oriented analyses construe CC 
as a means of organizing the flow of ongoing infor-
mation to create coherent stretches of discourse, 
enabling flexible perspective taking through the 
construction of higher-order events to which differ-
ent phases of situations are subordinated and inter-
related. In these latter perspectives, different forms 
of syntactic packaging allow speakers to select var-
ied rhetorical options for verbalizing a given state of 
affairs. For children, this means they need to acquire 
command of both language-particular structures for 
combining clauses (by coordination and subordina-
tion) and discursive skills in selecting appropriate 
options for packaging together different pieces of 
information.

Development of these abilities is illustrated by 
comparing two excerpts describing the opening 
scenes of the so-called frog story picture book—from 
a kindergartener age 4 years, 6 months, in (3) and a 
fourth-grader age 9 years, 1 month in (4)—with xxx 

standing for unclear utterances and utterance bound-
aries defined by intonation marked by ]]. 

(3) They looked at their little pet frog ] and the boy 
and dog—and he wasn’t there ]]! And then it was 
nighttime ]]. And then they waked up ]]. They didn’t 
see the frog ]]. And then they loo . . . and then they 
looked in the can ] where they to put them ]]. Then 
they called after him ]]. Then they put. . . ]] And then 
. . . and then he jumped out a window ]]. The dog 
jumped ]]. And then the boy grabbed him ]]. And 
then they xxx ]]. And then they flied xxx ]. and he 
looked for him ]]. 

The text in (3) contains 90 words and 15 utter-
ances, all isolated clauses (i.e., single predications) 
except for one relative clause introduced by where. 
Compare the 9-year-old’s version of the same pic-the 9-year-old’s version of the same pic-
tures in (4):

(4) Once there was a boy ] who had a pet frog and a 
dog ], and that night he was watching it . . . ]] And . 
. . when he went to sleep ], the frog got out of his jar 
] and got away ]. The next morning <when he woke 
up> he saw ] that the frog was gone ]], so he put on 
his clothes ]]. And the dog acci . . . accidentally got his 
head stuck in the jar ], which the frog was kept in ]]. 
They called out the window ], and the dog fell down 
], and the glass jar broke ], and, um, the boy was mad 
at him ]]. So they went off . . . to find his um . . . pet 
frog ]]. 

While similar in length to the preschooler’s text in 
(3)—110 versus 90 words—the school-age child’s ver-
sion is packaged into half the number of syntactically 
linked units: Its 17 clauses—including one center-
embedded (in angled brackets)—are combined into 
six units of complex syntax, averaging nearly three 
clauses per package, with subordinate clauses intro-
duced by varied underlined connectives (who, when, 
so, that, and which). 

These quite typical excerpts show how, with devel-
opment in age and level of schooling, CC can serve rhe-
torical purposes such as foregrounding components 
of an event (for example, by pre-posing the temporal 
adverbial when he went to sleep to its main clause), 
and conflating different phases of an event into single 
units of complex syntax (for example, by specifying 
what the boy found when he woke up). Such abilities 
require command of both a rich repertoire of linguistic 
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constructions and cognitive flexibility to deploy them 
skillfully in online speech output.

Juxtaposition
The developmental path to proficient CC described 
below derives from research on acquisition of com-
plex syntax in two languages (English and Hebrew), 
based on longitudinal recordings of individual chil-
dren from ages 1 year, 6 months, to 4 or 5 years com-
bined with cross-sectional samples of kindergarten 
and school-age children. These all point to age 2 years 
as an approximate starting point for complex syntax, 
once simple clause construction is established. Ini-
tial CC typically takes the form of juxtaposition of 
clauses, with children producing two clauses that are 
semantically and pragmatically related to one another 
in a single conversational turn, often in a single into-
national contour, but without explicitly marking this 
relation by means of an overt lexical connective such 
as and, when, or because. Such juxtaposed strings are 
illustrated in (5) from children the age of 2 years, 1 
month:

(5)  a. Daddy go doctor ]. Daddy back sore]]. 
 b. I get bigger]. I have tea ]].
 c. You lookit this book ]. I lookit that book ]].
 d. Car there ]. Me drive it ]].
 e. Let me ]. I wanna clean ]]. 

Such unmarked or asyndetic CC shows that 2-year-
olds can string together more than a single predicate 
to express various semantic relations, such as reason in 
(5a), result in (5b), contrast in (5c), function in (5d), 
and purpose in (5e). But, these sequences need to be 
inferred from context because they are not explicitly 
marked by an appropriate lexical connective—because 
in (5a), when in (5b), and and or but in (5c).

Co-Construction	and	Lexical	Connectives
Use of overt connectives often emerges first by co-
construction with an interlocutor rather than in 
autonomous strings of child output, as in (6).

(6) Mother: What did you want to tell me?
Child: That baby crying.
Mother: You’re right, so he is! Why’s he crying?
Child: Cos can’t find his teddy.
 
Between ages 2 to 3 years, children use increasingly 

varied and specific lexical connectives, evidence of 

greater semantic and syntactic complexity—like those 
underlined in (6). For example, in coordination, chil-
dren in their early 2s use the conjunction and to link 
together two events or circumstances with no neces-
sary connection (e.g., Mommy works] and Daddy lives 
here]]), followed by expression of temporal sequence, 
often together with then (e.g., I take off my pants ] and 
get into bath ]], We played on the slides ] and then rode 
on the ponies]]), and later with a resultative meaning 
(e.g., he fell ] and hurt himself ]], Daddy’s back hurts 
] and (so) he went to the doctor]]). The coordinating 
conjunction but in syntactically similar coordinating 
constructions, expressing the more complex concept 
of contrast, emerges even later, around age 4 (e.g.,  
I look for my teddy ] but can’t find ]]). Another devel-
opment in CC coordination is that the two coordi-
nated clauses will serve to link situations referring to 
the same subject, expressed structurally by nonmen-
tion of the (repeated) subject in the second clause (as 
in the earlier examples of temporal sequencing or, in 
third person, the boy climbed the tree] and looked for 
the frog ]]). Only from school age, however, will chil-
dren embed coordinate clauses inside other dependent 
clauses, as in these examples from two 9-year-olds:

 
(7) a. We went to see our aunt ] because she’s 
 getting real old ], and she’s going to die 
 pretty soon ]].
 b. He thought ] (that) I wouldn’t hit it], and 
 < when I did hit it > ], he fell down]].
 
An even later development is double-marking of 

the coordination on both clauses by correlative con-
nectives of increasing semantic and syntactic com-
plexity (e.g., I both helped with the decorations] and 
served the cookies ]]; they will either help with the deco-
rations] or serve the cookies ]]; he not only helped with 
the decorations ] but also served the cookies ]]). That is, 
even in the seemingly simple, straightforward process 
of chaining clauses by coordination, where one clause 
is strung after another rather than subordinated to it, 
children follow a lengthy developmental path, with 
added structural complexity, typically accompanied 
by increased specificity and variety of lexico-semantic 
expression.

Complement	Clauses
As for subordination, consider, first, the acquisition of 
complement clauses. These emerge as verb–verb con-
structions—termed variously predicate complement 
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constructions, complement-taking verbs, complex verb 
phrases (VPs), or extended predicates—initially mainly 
with modal verbs expressing volition, necessity, or pro-
hibition (e.g., I wanna clean, I want open it, you hafta 
take that, and gotta go now), and with aspectual verbs 
expressing stages in an ongoing activity (e.g., gonna 
get it and stop crying now). Around age 2 years and 
even earlier, these highly fused complex predicates—
in which the first tense-marked verb expresses some 
modulation on the second nonfinite verb, rather than 
encoding a separate situation—constitute a bridge to 
increased use from around age 3 to 4 years of comple-
ment clauses that encode the content of the matrix, or 
main, tensed verb—mainly in the form of cognitive or 
mental-state verbs (e.g., I know ] he’s there]]; I think ] 
she’ll come ]]), as well as verbs of saying (e.g., he told 
me ] to help ]]; she says ] that we can go]]). 

That is, the range of verbs used to trigger such con-
structions changes as a function of age and develop-
ment: On the one hand, extended predicates occur 
with a wider range of verbs (e.g., try, need, like, and 
prefer), while sentential complement clauses are intro-
duced by a richer variety of mental verbs (e.g., mean, 
guess, wish, and hope), along with more and seman-
tically more complex verbs expressing speech acts of 
saying and communicating (e.g., promise, demand, 
suggest, and expect), while complement clauses also 
occur in the form of embedded, indirect questions 
(e.g., He asked ] what happened ]]; I don’t know ] where 
it is ]]). As in language acquisition in general, then in 
development of CC, structural advances in syntac-
tic complexity go hand in hand with richer, more 
abstract lexico-semantic usage.

Relative	Clauses	(RCs)
Consider next RCs. These have been the focus of 
extensive research since the 1970s, largely in the form 
of experimental comprehension studies of what types 
of RCs are more difficult to process from two inter-
secting points of view: what element in the matrix 
clause is modified—sentence subject (e.g., the boy 
<who kept his pet frog in a jar> went to sleep that night 
]]) or object (e.g., the dog got his head stuck in the jar 
] which the frog was kept in ]]) and what element in 
the RC is deleted or replaced by a relative pronoun 
like who, which, or that (e.g., a subject RC in the boy 
who kept his pet frog in a jar versus an object RC in 
the jar [that] the frog was kept in). The consensus is 
that center-embedded RCs modifying the subject of 
a sentence are far harder to process for children and 

adults than ones modifying (in languages like English 
or French) postverbal objects that come at the end of 
the utterance, and that children have more difficulty 
with object RCs (e.g., the boy I saw or the boy I played 
with) than with subject RCs (e.g., the boy that saw us 
or the boy that played with us). Current research also 
suggests that other, nonsyntactic factors play a role 
in RC processing—such as the semantic status of 
the modified (matrix) and embedded (RC internal) 
as animate or inanimate (boy ~ jar versus, say, girl ~ 
grandmother) and whether full nouns or pronouns 
are at issue (e.g., the boy [that] the girl saw versus the 
boy [that] she saw).

As a complex type of sentential modification that 
provides additional information to a nominal referent 
functioning as its head (analogously to adjectives), RCs 
are less common in child speech than grammatically 
obligatory and more linear complement construc-
tions, although even 2-year-olds can express this func-
tion by stringing together a clause with a head noun 
and an associated modifying clause (e.g., I want watch. 
Goes tick tock]]. That’s Mommy foot.] Hurted her. ]] 
Where dolly? ] Granny give me ]]). RC production is 
documented for different languages mainly from age 
3 to 4 years, with the earliest being the presentational 
type of there was a boy that had a frog in (5) above—
acting as a bridge to RCs on matrix clauses with lexical 
verbs (I know a boy that has a pet frog). In general, RCs 
that are constructed on objects that take prepositions 
(e.g., the jar he kept the frog in; the school they go to; or 
the girl we bought a present for) are typically late devel-
oping and are often deleted or incur other errors. 

On the other hand, many aspects of RC develop-
ment are language specific. For example, in Hebrew, 
the earliest RC-type constructions tend to take the 
form of verbless copular clauses that, in English, might 
be post-nominal prepositional phrases (e.g., ha-yeled 
xipes ba-xor ] še– ba-ets ]]; the-boy looked in-the-hole 
] that (was) in-the-tree ]]). Relatedly, Hebrew-acquir-
ing children rarely omit the RC-marking connective 
še– (that) because this is invariant and required across 
all types of RCs. Besides, in English, as in French or 
Spanish but not Hebrew, children also need to learn 
how and when to either omit or alternate the basic 
RC connective that with relative pronouns like who, 
which, or whose.

Adverbial	Clauses
As for adverbial clauses, these typically emerge around 
the middle of the third year, often as co-constructed 
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reason clauses in response to a causal question like 
why as in (5) and (6) above. Two rather later-emerg-
ing types of adverbial clauses are illustrated in (3) and 
(4): a clause starting with so to express result—So they 
went off ] to find the frog ]—and a temporal clause with 
when—And . . . when he went to sleep ] the frog got out of 
his jar ]; The next morning <when he woke up> he saw 
] that the frog was gone ]]. These examples also illus-
trate structural variations in adverbial clauses, which 
in early child usage, typically have finite-tensed verbs 
and follow the main clause (Baby’s crying ] because 
he’s hungry ]]; We have a blanket ] when we take naps 
]]). Later-developing structures include preposed and, 
even more advanced, center-embedded adverbials, like 
the two temporal clauses introduced by when copied 
herein from example (4). Another progression is the 
use of nonfinite adverbials with participles and ger-
unds, like the purpose clause (in order) to find the frog. 
Much later acquisitions, evidence of higher-register 
linguistic usage, mainly from adolescence, are non-
finite –ing clauses in English (or their equivalents in 
languages like French and Spanish), often following a 
preposition, e.g., After saying good night to the frog], the 
boy climbed into bed ] and fell asleep ]]; the dog sticks his 
head in the jar ] trying to get the scent of the frog ]], or 
from a Spanish-speaking fourth-grader entonces luego 
van por el bosque ] llamando a la rana ]]; then after-
wards [they] go through the wood, calling to the frog.

Lexico-semantic development in connecting adver-
bial and main clauses progresses from temporal and 
causal relations to expression of purpose, condition, 
and concession with increasing specificity in the 
connectives marking these relations—for example, 
temporal when > while > (as soon) as > until, causal 
because > since > so that > in order to, conditional if 
> unless, concessional though > although, even though, 
and so on. Again, variation of syntactic structure goes 
hand in hand with increasing lexical specificity across 
development from preschool to late school age.

Subordination
Use of subordination also increases quantitatively 
as a function of age. For example, in Hebrew-based 
analyses, subordinate clauses (complements, adverbi-
als, and relatives combined) accounted for less than 
5 percent of 2-year-olds’ utterances in conversational 
interactions, nearly 10 percent by age 3 to 4 years, and 
more than 15 percent by ages 4 to 6 years. Picture-
book narratives yielded a later developmental tra-
jectory: less than 5 percent at age 3 years, more than 

10 percent at age 5 to 6 years, and nearly 20 percent 
of all clauses in schoolchildren’s narratives. And, in 
personal-experience narratives, subordinate clauses 
formed as high as one-third of all clauses in the texts 
produced by fourth and seventh graders, going up to 
40 percent among high school 11th graders. These 
findings indicate that reliance on subordinate rather 
than isolated or coordinated clauses is affected mark-
edly by age, schooling level, and also by type of dis-
course and communicative context.

Taking into account the effects of the target lan-
guage typology in development of CC could explain 
a difference between early CC in Hebrew compared 
with English or French: Once Hebrew-acquiring chil-
dren go beyond juxtaposition to construct comple-
ment and relative clauses, ungrammatical omission of 
the connective še– compared with its English counter-
part that is rare as there is almost no evidence for such 
constructions in the input language, whereas English 
allows that deletion in both complement clauses (e.g., 
he says he’ll come) and relative clauses (e.g., the boy 
you saw). 

Relative amount of subordination also differs by 
language. For example, in Spanish picture-book-based 
stories, half the 3-year-olds used an RC at least once, 
and they also combined clauses in a single syntactic 
package around 20 percent of the time, compared 
with far lower proportions in English and Hebrew. 
Related differences emerge in average number of 
clauses combined together in a single syntactic pack-
age in these three languages in personal-experience 
narratives of schoolchildren and adolescents—from a 
mean of 2.8 to 3.5 in English, compared with only 2.5 
to 3.0 in Hebrew, and as high as 3.5 to 5.0 in Spanish.

 Required or favored means of discursive cohe-
sion through CC may also be language dependent. As 
noted, advanced CC in English and French is marked 
by increased reliance on nonfinite subordination. In 
contrast, Hebrew favors same-subject coordination 
for cohesive connectivity—for example, he wanted 
to climb the rock ] and look for his frog ]]; he woke up 
[ and didn’t find his pet ]]. In Turkish, on the other 
hand, nonfinite (nominalized) subordination is the 
rule rather than the exception, with one or more non-
finite clauses preceding the final, finite main clause, 
so that Turkish-speaking 3-year-olds will already pro-
duce CC strings equivalent to English leaving the jar 
] he ran away ]]; while running] the boy fell down]]. 
That is, what appears a highly marked or complex 
syntactic structure in one language may represent a 
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straightforward, hence early-acquired, option for CC 
in another.

Semantic	Relations
On the other hand, the developmental path in 
expressing the semantic relations between the clauses 
is largely shared across languages. For example, in the 
temporal domain, usage proceeds from early sequen-
tial and (then) to co-occurrent when and on to more 
specific simultaneity by while, which in turn leads up 
to even tighter interweaving of different phases in an 
event by such high-register means as English in doing 
so, he . . . or its Hebrew equivalent be-asoto kax, hu . 
. . These observations underscore the role of shared 
semantic and discursive development as a function 
of age and schooling level, combined with the impact 
of language-particular structural options available or 
required for clause-combining complex syntax.

Note, in conclusion, that varying approaches to 
the topic mentioned earlier have a marked impact 
on how researchers characterize children’s develop-
mental path in acquisition of complex sentences. For 
example, in a recent collection on the acquisition of 
RCs, different authors describe these constructions as 
acquired at early preschool-age or as continuing into 
school age, depending on factors such as theoretical 
perspective and ambient language typology, whether 
analysis is based on isolated sentences or embedded in 
extended discourse in comprehension or in produc-
tion. Importantly, current research in the burgeoning 
domain of later language development from middle 
childhood through adolescence demonstrates that 
CC, like language acquisition in general, has a lengthy 

developmental history from initial emergence of lin-
guistic forms to proficient, discourse-motivated com-
mand of how to deploy these forms in varied commu-
nicative contexts.
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Theory	of	Mind	and	
Language	Development
Theory of mind refers to the human tendency to pre-
dict and explain other people’s behavior in terms of 
internal mental states. For instance, if you witness a 
young lady opening a paper bag, looking in, and then 
closing it up abruptly and throwing it in a trash bin, 
you immediately understand that she does not like the 
bag’s contents, she does not want the contents, and she 
thinks the contents are worthless. All of these inter-
pretations, based on her behavior, are inferences about 
invisible, internal states within her mind. Between the 
ages of 3 and 6 years, typically developing children 
begin to engage in this sort of reasoning; they can 
describe what she feels, wants, and thinks, and they can 
make further inferences about what she might do next. 
The development of this capacity to reason explicitly 
about people in mentalistic terms—theory of mind—
is closely associated with language development.

Theory of mind and language have a reciprocal 
relationship in development. On the one hand, lan-
guage seems to underpin children’s ability to reason 
about mental states. Acquiring the vocabulary of men-
tal states and the grammatical structures to talk about 
them develop concurrently with children’s theory of 
mind, and exposure to conversation about people’s 
feelings, motivations, desires, and thoughts seems to 
be essential for children to recognize and make sense 

of others’ internal states. On the other hand, chil-
dren’s theory of mind enables them to take account 
of others’ perspectives and communicative intentions, 
which may be essential for the acquisition and use of 
increasingly sophisticated forms of language.

Assessing	Children’s	Theory	of	Mind
There is rapid development in children’s theory of 
mind in the preschool years. To assess these changes, 
researchers have developed structured tests in which 
children are invited to reason about what is in another 
person’s mind. The most widely used theory-of-mind 
test is the false-belief test. In it, children are intro-
duced to two characters, Sally and Ann. These charac-
ters can be represented with dolls or pictures or even 
live actors. Sally is portrayed playing with a ball. When 
she finishes playing, she puts her ball into a box and 
leaves the scene. The other character, Ann, then moves 
the ball from the box where Sally left it to a nearby 
basket, and she leaves the scene. This is a natural social 
event: Someone’s possession has been moved without 
her knowing about it. Now children are reintroduced 
to Sally, who has returned to the scene to retrieve her 
ball. The test comes when children are asked to pre-
dict where Sally thinks her ball is located or where 
she will look for her ball—in the box or in the bas-
ket? Although not without its critics, this simple test 
powerfully assesses children’s ability to reason about 
what is in someone else’s mind. In their analysis of 
more than 100 studies using this test, Henry Wellman, 
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David Cross, and Julanne Watson confirmed that chil-
dren younger than about age 5 consistently perform at 
or below chance on this and similar false-belief tests, 
whereas children over age 5 years understand that 
Sally mistakenly thinks the ball is in the box and she 
will search for it based on the false belief in her mind.

The false-belief test has been widely used by 
researchers and practitioners since the 1980s. Since 
that time, numerous other, similarly structured the-
ory-of-mind tests have been developed to assess chil-
dren’s understanding of different elements of mental 
life. For instance, children can be asked which of two 
characters knows what is inside a box when only one 
of them has looked inside it. Or, they might be invited 
to predict which of two foods a character wants to eat 
when he or she has expressed liking for one food and 
dislike of the other. Recent research has shown that 
children progress through a predictable sequence of 
understanding different mental states, with desires 
understood first, around age 3, followed by an under-
standing of knowledge versus ignorance. False belief 
is generally understood by age 5, and more complex 
mental states such as being sarcastic or hiding one’s 
feelings to save face are first understood by children in 
the school-age period. When assessing children’s the-
ory of mind, researchers may focus exclusively on the 
false-belief test, or they may choose to use a variety of 
these tests to assess theory of mind more broadly.

Elements	of	Language	and		
Theory-of-Mind	Development
Language development involves semantics (acquiring 
the meanings of words and phrases), syntax (learn-
ing grammatical rules), and pragmatics (learning how 
to use language to communicate effectively). General 
language tests encompass each of these elements of 
language development, whereas more targeted tests are 
used to assess children’s progress on independent ele-
ments of language development. Research on theory 
of mind and language development indicates that each 
of these aspects of language, as well as general language 
ability, is linked to theory of mind in children.

In a large-scale meta-analysis, Karen Milligan, 
Janet Astington, and Lisa Dack examined more than 
100 studies in which preschool-aged children were 
assessed on some aspect of language development 
and also given false-belief tests. The data from these 
studies together involved almost 9,000 children. 
When all types of language tests were combined, they 
found that, overall, language ability accounted for 18 

percent of the variance in children’s false-belief test 
performance. Furthermore, they found that indi-
vidual elements of language development, including 
semantics, receptive vocabulary, and syntax, were all 
independently and significantly related to children’s 
false-belief understanding.

Meta-analyses provide compelling evidence that 
language and theory of mind are correlated. An addi-
tional question is how they are related in develop-
ment: Does language development reach a certain 
level before children can pass theory-of-mind tests, or 
does passing theory-of-mind tests enable some forms 
of language to be learned? This question has been 
addressed with longitudinal studies in which chil-
dren’s language ability and theory-of-mind under-
standing were both assessed at several time periods 
over the preschool and school-age years. This design 
allows researchers to test the extent to which early 
language predicts later theory of mind and vice versa. 
Findings from these studies show correlations in both 
directions, but a consistent pattern has emerged across 
studies whereby early language is a stronger predictor 
of later theory of mind than the reverse. This suggests 
that language ability is a foundation for children’s 
developing theory of mind.

Semantics	and	Theory	of	Mind
Generally speaking, children who score highly on 
vocabulary tests for their age tend to perform well on 
theory-of-mind tests. This is a consistent correlation 
that is present throughout the preschool and school-
age period.

More specifically, there is a strong association 
between children’s acquisition of mental-state vocab-
ulary, that is, being able to understand and produce 
words like want, try, and think, and their perfor-
mance on theory-of-mind tests. This is not surpris-
ing; naturally, children must be able to understand 
the task scenarios—which are described in words—
in order to make sense of, and pass, theory-of-mind 
tests. Longitudinal studies show that acquisition of 
mental state terms follows a developmental trajectory 
that parallels children’s performance on structured 
mental-state tests. Toddlers first talk about desires (I 
want it and He likes that one), and then by age 3 or 
so, they also refer to thoughts and beliefs (I know the 
colors and She thinks it’s a nice one). By age 4, children 
talk about false beliefs in contrastive constructions (I 
thought it was in the drawer, but it’s not). This last lin-
guistic achievement coincides closely with the point at 
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which children pass the false-belief test, which simi-
larly reflects their recognition that a person’s beliefs 
may differ from those of other people or from reality. 

Syntax	and	Theory	of	Mind
When semantics and syntax are considered separately 
in correlational and longitudinal studies, syntax usu-
ally emerges as the stronger predictor of children’s 
theory of mind.

There has been particular attention paid to the role 
of complementation syntax in children’s acquisition 
of false belief. Jill and Peter de Villiers have pointed out 
that this grammatical form provides a crucial frame-
work for thinking about false beliefs. Complementa-
tion syntax occurs when a sentence takes a full and 
meaningful clause as its object, for instance: He said 
that it’s raining outside. Here, it’s raining outside is the 
object of the sentence. What is important about this 
grammatical structure is that the validity of the object 
clause (it’s raining outside) is irrelevant to the truth of 
the statement as a whole. Whether or not it is really 
raining, he still said it. When talking about beliefs, we 
use complementation, and it has been suggested that 
mastery of this grammatical structure demonstrates 
to children that people can hold beliefs that are false: 
If children fully understand what it means to say He 
thinks that it’s raining outside, then they must under-
stand that he certainly thinks it is so but that it may or 
may not truly be raining.

Studies have shown that children’s mastery of 
complementation syntax, as observed in natural 
language or assessed via structured tests, is corre-
lated with their ability to pass false-belief tests. In 
their meta-analysis, Milligan, Astington, and Dack 
found that children’s understanding of comple-
mentation syntax was the strongest individual pre-
dictor of false-belief understanding, above general 
language, receptive vocabulary, and general syntax. 
Longitudinal studies indicate that early mastery of 
complementation syntax predicts later understand-
ing of false belief but not vice versa. These findings 
point to complementation syntax as a foundation 
for children’s understanding of false beliefs. The 
strongest evidence supporting this conclusion comes 
from training studies, which have shown that, when 
young children are repeatedly exposed to language 
containing complementation syntax in some type of 
learning activity, not only do they rapidly master the 
grammatical construction, but their performance on 
false-belief tests also improves.

Pragmatics	and	Theory	of	Mind
Theoretically, there is an obvious connection between 
pragmatics and theory of mind because pragmatic 
ability involves taking a conversational partner’s per-
spective into account in order to communicate effec-
tively. Thus, it could be argued that acquiring prag-
matic language skill is one expression of children’s 
theory of mind, and indeed, numerous studies indi-
cate that children’s pragmatic language use is related 
to their theory of mind.

Studies of children’s language production support 
this proposal. For example, conversational connect-
edness is the degree to which children’s utterances 
are meaningfully linked to their partners’ previous 
statements, as opposed to veering off topic. Natural 
language analyses of children’s conversational con-
nectedness in the home indicate that this aspect of 
language use increases with age and that individual 
children’s conversational connectedness is associated 
with their false-belief test performance. 

Other examples of the link between pragmatic 
language and theory of mind come from studies of 
children’s communication in structured tasks. For 
instance, in one study, bilingual children were intro-
duced to a conversational partner who shared one 
language with them. Those children who quickly 
adjusted their language use to match that of the con-
versational partner scored higher on theory-of-mind 
tests than their bilingual peers who were less sensitive 
to their conversational partners’ language abilities. In 
another type of pragmatic language task, research-
ers assess children’s ability to put themselves in the 
place of an ignorant listener. Children are instructed 
to describe one of several target objects so that their 
listener can pick it out of a lineup. This requires chil-
dren to recognize their listener’s state of ignorance 
and to take into account what type of information 
will be most informative (e.g., stating that I think it’s 
pretty will not be effective, whereas describing the 
object’s appearance or location will be). These stud-
ies have consistently revealed positive correlations 
between children’s theory-of-mind scores and infor-
mative referential communication.

There are also links between children’s compre-
hension of pragmatic aspects of language and their 
theory of mind. For instance, studies indicate that 
understanding nonliteral language, such as sarcasm, 
is linked to children’s theory of mind. To assess sar-
casm comprehension, children might be told about 
a boy and girl who are preparing to go on a picnic. 
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As they finish packing their food, they hear a clap of 
thunder and look out the window to see it is start-
ing to rain. The girl makes the following remark: Oh, 
what a lovely day for a picnic. When children are ques-
tioned about why the girl made that utterance, those 
who perform well on theory-of-mind tests are most 
likely to acknowledge that she did not really believe it 
to be a lovely day and that her utterance was made in 
order to be funny. This sophisticated understanding 
of the girl speaker’s intent is not only a correlate of 
theory of mind, but it can also be seen as a manifesta-
tion of children’s ability to infer what is in someone’s 
mind. Indeed, the link is theoretically strong enough 
that many researchers have adopted sarcasm under-
standing itself as a theory-of-mind test.

The	Importance	of	Conversational	Input		
to	Theory-of-Mind	Development
The frequency of mental-state terms in adults’ con-
versations with infants, toddlers, and preschool-aged 
children is linked to both the children’s mental-state 
vocabulary and their performance on theory-of-
mind tests. These associations could be explained 
in two ways. One possibility is that parents whose 
conversational style involves frequent references to 
people’s mental states may bring those concepts into 
focus for their children earlier than other parents 
who do not engage in so much mentalistic talk. The 
opposite direction of influence is also possible: Par-
ents may recognize when their children are learning 
to reason about people’s behavior in terms of mental 
states, and they may increase their talk about such 
things in response.

The first possibility is supported by training stud-
ies in which preschool-aged children were exposed to 
mentalistic talk. For instance, in one study, children 
were read books about characters who did surprising 
or unexpected things. In one condition, the experi-
menter engaged the children in conversation focus-
ing on what the book characters wanted, thought, and 
felt. In another condition, the experimenter conversed 
about the situation but avoided references to the char-
acters’ mental states. These conditions were repeated 
over several sessions lasting a few weeks in total. The 
pattern of results indicated that mental-state conver-
sation training significantly improved children’s per-
formance on theory-of-mind tests compared to train-
ing that did not include mental-state conversation.

The type of mental-state input is also impor-
tant. Several studies have contrasted mental-state 

conversations in which parents have simply men-
tioned mental states versus conversations in which 
children are given explanations about how mental 
states relate to behavior. In one naturalistic study 
by Virginia Slaughter, Candida Peterson, and Emily 
Mackintosh, mothers were asked to read a wordless 
picture book to their children. 

The book portrayed the adventures of a dog and 
a baby who misbehaved together while their mother 
was out of the house, but covered their tracks so that 
the mother did not know what they had been up to 
while she was away. Analyses of the book-reading 
transcripts indicated that mothers differed in their 
spontaneous mentalistic conversation: Some rarely 
mentioned mental states of the characters, others 
mentioned them only in passing (e.g., She doesn’t 
know what happened—isn’t that funny?), and yet oth-
ers were elaborate in their discussion of the charac-
ters’ mental states (e.g., Look, she’s come home, and 
she can’t see the mess they made, so she doesn’t realize 
that they were up to no good. She really has no idea. 
They fooled her, didn’t they?). This study revealed that 
the latter mothers, who engaged in richly explana-
tory mental-state conversation, had children whose 
theory-of-mind test scores were significantly higher 
than those of the other children whose mothers 
spoke less about the characters’ mental states. Simi-
lar results have been found in studies of other kinds 
of parent–child conversation, such as reminiscing 
together about the past. These findings highlight the 
importance of richly descriptive and explanatory talk 
about the mind.

Convergent evidence for the importance of expo-
sure to talk about mental states comes from studies 
of young children who are deprived of early access 
to family conversation. Deaf children who grow up 
in hearing families where signing is minimal or non-
existent are delayed in theory-of-mind development 
relative to hearing children. By contrast, deaf children 
who grow up in signing families and therefore are 
immersed in language and conversation from infancy 
are indistinguishable from hearing children in terms 
of their theory-of-mind development.

How	Do	Language	and	Theory	of	Mind	Interact?
Across all elements of language development, rela-
tions between language and theory of mind are evi-
dent. However, there is ongoing debate about the 
nature and importance of these links. Some research-
ers argue that language–theory of mind correlations 

644 Theory of Mind and Language Development



are unsurprising and uninteresting because standard 
theory-of-mind tests are verbal; therefore, children 
who have strong language skills tend to perform well. 
The argument here is that language has no special 
role to play in theory-of-mind development over and 
above equipping children to comprehend and com-
municate about the world around them. Others argue 
that language is essential to children’s construction 
of mentalistic concepts: Talking about mental states 
makes invisible, internal experiences concrete and 
also demonstrates the essential grammatical struc-
ture of complementation. Language also situates 
mental-state concepts in verbally expressed causal–
explanatory frameworks that are crucial for building 
a thorough understanding of the mind and human 
behavior.

Virginia Slaughter
University of Queensland
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Thinking	for	Speaking
Languages do not represent the world exactly as it is. 
When we talk, we convey ideas, attitudes, feelings, and 
so on, about the world. In doing so, we may pick out 
what to talk about in a particular situation, depending 
on the audience, the topic of conversation, the time of 
day, our feelings and attitudes, our motivations, and 
so on. Speakers of different languages can systemati-
cally make different choices about how to speak. For 
language development, then, the idea is that children 
must learn what can be and usually is said in their lan-
guage community. In order to explain how children 
become native speakers of the language around them, 
D. Slobin suggested that people might adopt a certain 
kind of thinking for the purposes of speaking. 

Crucially, thinking for speaking must be related 
to something about the scene (e.g., saying, “The ele-
phant is purple,” when one wishes to comment that a 
person left the room would not be a manifestation of 
thinking for speaking), using the linguistic construc-
tions available in one’s language. Guided by the con-
cept of thinking for speaking, we can conceptualize 
language development as the development of think-
ing for speaking the language children are hearing. We 
could theoretically explore the thinking for speaking 
of monolingual children within a single culture; how-
ever, this concept has been particularly useful in guid-
ing research involving multiple languages: cross-lin-
guistic research and research with bilinguals. Where 
languages differ in either obligatory or typical pat-
terns of usage, differences in the associated thought 
patterns might emerge.

The concept of thinking for speaking has been 
influential in explaining cross-linguistic differences 
in the choice and ordering of words in talking about 
movement. For example, L. Talmy noted that lan-
guages differ in which aspects of a scene are encoded 
when talking about a figure moving across the ground. 
In English, speakers often talk about the manner and 
path of movement in a single verb phrase (e.g., She 
ran out of the room). In other languages, like Turkish, 
Spanish, or French, the path of movement is often in 
the main verb phrase, and the manner of movement 
is an optional, separate verb phrase (e.g., Elle est sortie 
de la salle en courant [She went out of the room run-
ning]). Adult speakers use these patterns fairly con-
sistently. Furthermore, A. Özyürek and S. Kita found 
that adults’ gestures also reflected these same units 
(e.g., English speakers tended to gesture both manner 
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and path simultaneously). Children do not immedi-
ately adopt the language-specific patterns of talking 
about movement as soon as they start using verbs, 
suggesting that they may initially be thinking for 
speaking differently than adults do. Children across 
many languages (including English) tend to talk ear-
lier about the path of movement than about manner. 
Young English-speaking children often use verbs that 
have no clear link with manner of movement (such as 
go and come) as main verbs along with path satellites 
(like up or out). A. Özyürek and her colleagues com-
pared English- and Turkish-speaking children’s and 
adults’ speech and gestures in talking about a mov-
ing figure. Late in the preschool years, when English-
speaking children use many manner verbs as main 
verbs, their gestures tend to reflect either the path of 
the movement or the manner, like Turkish-speaking 
children and adults but unlike English-speaking 
adults. Only when English-speaking children reached 
the age of 9 years did they start to use gestures that 
simultaneously conveyed path and manner. These 
results suggest that children’s thinking for speaking 
about movement continues to develop into middle 
childhood.

Other aspects of thinking for speaking a particular 
language may develop earlier than middle childhood. 
For example, English-speaking parents and children 
often talk extensively about the names of things, 
therefore highlighting the use of nouns. Parents and 
even very young children in other cultures (including 
China, Korean-speaking families in the United States, 
and Mayan families) tend to talk more about appro-
priate behavior and ongoing actions. In these cultures, 
even very young children tend to use fewer nouns than 
English-speaking children in conversations. Research-
ers have begun to question whether children’s tenden-
cies to use fewer or more nouns reflects their thinking 
for speaking. Another possibility is that, because the 
parents also use fewer or more nouns, the children are 
simply using the words that parents like them to use. 
In other words, if ways of speaking have been learned 
simply through socialization or operant conditioning, 
they may not qualify as thinking for speaking.

In addition to explaining cross-linguistic differ-
ences in speaking, the concept of thinking for speak-
ing can also explain how bilinguals can use their two 
languages differently. Simultaneous bilingual children 
can differentiate their languages in terms of word 
choice and grammatical structure from at least the 
age of 2 years. At least by the age of 3 years, bilingual 

children can demonstrate thinking for speaking dif-
ferently in their two languages. For example, in 
describing a moving figure (like a dancing cow), Eng-
lish speakers often mention the motion, while French 
speakers are more likely to mention the figure. In a 
study by E. Nicoladis, A. Rose, and C. Foursha-Ste-
venson, French–English bilingual preschool children 
mentioned the action of the figure more often when 
speaking English than when speaking French. More-
over, when probed about their recall abilities of what 
action the figures had been performing, the children 
were equally able to recall the action in both English 
and French. These results suggest that simultaneous 
bilingual children package their thoughts somewhat 
differently depending on whether they are speaking 
French or English.

Other studies have suggested that bilinguals may 
find a common way of thinking for speaking for both 
languages. These studies have usually focused on 
sequential bilinguals who tend to prefer the thinking 
style associated with their first language. It is unclear 
whether sequential bilinguals differ as a general rule 
from simulaneous bilinguals in their ability to adopt 
thinking for speaking for two languages. If so, it 
would suggest that patterns of thinking for speaking a 
language may be difficult to relearn in the context of 
learning a second language.

Elena Nicoladis
University of Alberta
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Twin	Studies	of	Individual	
Differences
Humans are biologically prepared to learn language, 
but language is an inherently social phenomenon. 
Although nature and nurture are often pitted against 
each other, recent research makes it clear that both 
have important roles to play in language develop-
ment, and twin studies can help to clarify what these 
roles might be. The relative contributions of genetics 
and experience on individual differences in language 
development vary across different aspects of language, 
different levels of language ability, and change over 
the course of development. Furthermore, factors that 
influence language development—whether genetic 
or environmental—often also affect other areas of 
behavior and learning, such as reading and writing.

Twin	Studies
Language ability, like many other skills, seems to run 
in families. This is often taken as evidence for heri-
tability: that the genes that family members share 
are responsible for the family traits. However, fami-
lies share much of their environment and experi-
ences as well as their genes. In order to disentangle 
these two sources of influence, one needs a genetically 
sensitive method, such as the twin study. Twin stud-
ies capitalize on one of nature’s experiments: identi-
cal or monozygotic twins (MZ) come from a single 
fertilized egg and thus share 100 percent of their 
genetic material, while fraternal or dizygotic twins 
(DZ) come from separate eggs and thus share only 50 
percent of their varying DNA, the same as any other 
sibling pair. However, in other respects, monozygotic 

and dizygotic twins are very similar: They share the 
same womb, are exactly the same age, and (usually) 
grow up in the same home, with the same parents 
and siblings. Because they experience such a similar 
environment (the equal environments assumption), 
if identical twins are more similar to each other than 
fraternal twins, this greater behavioral similarity can 
be attributed to their greater genetic similarity. Using 
mathematical modeling of data from large samples of 
MZ and DZ twins, one can estimate the proportion 
of variance in a trait, such as language ability, that is 
due to genetic versus environmental factors. Environ-
mental influences can be further divided into shared 
environment, which includes any factor that tends 
to make the children within a family more similar to 
each other (e.g., the number of books in the home), 
and the nonshared or unique environment, which 
includes factors that make children less similar to 
each other (e.g., an illness that one child in the family 
experienced). The first step in a twin study is usually 
to compare the effect of genetic, shared environmen-
tal or nonshared environmental factors on the trait 
of interest. However, the method can also be used to 
go beyond this simple nature–nurture comparison to 
examine more complex issues, such as whether the 
same genetic and environmental factors affect differ-
ent traits, whether the causes of disorders are the same 
as the causes of individual differences in the normal 
range, and whether the genetic and environmental 
factors that are important for a given trait are stable 
or change over time.

Different	Aspects	of	Language
Twin studies have shown that both genetic and envi-
ronmental factors contribute to individual differences 
in most areas of language development, including 
phonology, vocabulary, and grammar, but to differing 
degrees. In the toddler and preschool years, it seems 
that environmental, rather than genetic, factors are 
particularly important for some aspects of language, 
most notably—but not exclusively—vocabulary. One 
of the largest twin studies to examine different aspects 
of language in the same children is the United Kingdom 
(UK)-based Twins Early Development Study (TEDS). 
TEDS is an ongoing study that has gathered data on 
language, cognitive, and behavioral development on a 
large sample of twins from the age of 2 years through 
to adolescence. At the ages of 2, 3, and 4, children’s 
expressive vocabularies and grammatical abilities were 
assessed via parental report, using adaptations of the 
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well-established MacArthur-Bates Communicative 
Development Inventories (CDI). Both vocabulary and 
grammar were significantly heritable: Additive genetic 
factors accounted for about 25 percent of the vari-
ability in children’s expressive language abilities, while 
shared environmental factors accounted for about 65 
percent of the variance, and unique environmental 
factors accounted for the remaining 10 percent. Fur-
thermore, many of the same factors seemed to drive 
variability in both vocabulary and grammatical ability. 
This pattern appears to hold across different samples 
of children, countries, and languages as similar results 
emerged from a twin study following children in the 
United States, Australia, and Scandinavia (the Interna-
tional Longitudinal Twin Study). 

The pattern of strong shared environmental effects 
in the preschool years extends to other aspects of lan-
guage too: At 4½ years of age, a subsample of 1,600 
TEDS children were visited at home and assessed 
on a broad range of language measures, includ-
ing expressive and receptive vocabulary and gram-
mar, rhyme awareness, verbal memory, and story 
retelling. Although the measures were chosen to be 
diverse and capture many different elements of chil-
dren’s language, they actually grouped together into 
a single factor (language), which was again strongly 
influenced by shared environmental factors (50 per-
cent), with significant but weaker genetic effects (34 
percent). The remaining 15 percent of the variance 
was attributable to unique environmental effects. A 
rather different pattern emerged for two further mea-
sures assessing speech output and articulation: These 
formed a second factor (speech), which seemed to be 
under stronger genetic influence (56 percent), with 
very little contribution from the shared environment 
(15 percent) and the remainder from the nonshared 
environment (29 percent). Although the relative con-
tributions of genetic and environmental factors were 
different for the speech and language factors, there 
was still substantial overlap in terms of what these 
factors might be: Most of the genes that are impor-
tant for individual differences in speech also seem to 
play a (somewhat less important) role for individual 
differences in language. Similarly, the shared environ-
mental factors that drive individual differences in lan-
guage also play a (much reduced) role in speech.

Three other major twin studies, the Colorado 
Reading Project (United States), the International 
Longitudinal Twin Study (Australia, United States, 
and Scandinavia), and the Western Reserve Reading 

Project (United States), have focused on aspects of 
oral language that are thought to be particularly 
important foundations for learning to read. The most 
important of these is phonological awareness, which 
is the ability to reflect on, and manipulate, the sounds 
of a word. This is often measured by asking children 
to identify the first or last sound of a word (Which 
sound does sun begin with?’) or to take away a sound 
(What is cat without the /k/?). Individual differences 
in phonological awareness in preschool children are 
strongly heritable, with smaller contributions from 
shared and nonshared environments. A second prelit-
eracy skill that appears to be under significant genetic 
influence is the ease and speed with which children 
can name a list of familiar objects, letters, or digits 
in a task called rapid automatized naming (RAN). 
As with phonological awareness, RAN also seems to 
be under substantial genetic influence, and genetic 
effects influencing these preliteracy skills continue to 
be important as children learn to read.

Developmental	Change
Intuitively, one might expect that, as children grow 
older, the experiences they accumulate become more 
important and genetic influences less so. Surprisingly, 
the opposite seems to be the case: In language skills, as 
in other areas such as general intelligence and literacy, 
shared environmental effects seem to have the great-
est influence in early childhood, while genetic effects 
become increasingly important in older children, 
adolescents, and adults. The work described above, 
as with much of the research on language develop-
ment, focuses on young children in the toddler and 
preschool years. One of the major advantages of lon-
gitudinal studies, such as the TEDS, is that they can 
address the question of what happens later. It appears 
that sometime between the ages of about 5 and 7, 
as children enter middle childhood, genetic factors 
become more dominant and drive a large proportion 
of the individual differences in language ability: While 
the heritability of language abilities in children up to 
4 years of age is about 25 percent, by 7 years of age, 
it goes up to 50 percent and increases still further to 
about 80 percent by young adulthood. Studies from 
several different countries, including the UK and The 
Netherlands, find similar results, so it appears that 
this is a general pattern that holds across different 
countries and languages.

Although the finding that heritability increases 
with age seems to be a reliable one, we do not know 
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what causes this change. One possible explanation is 
environmental: 5 to 6 years is the age at which chil-
dren in most developed countries begin their formal 
education, and this might be a key factor. If it is the 
case that schools provide a more homogeneous envi-
ronment for children than the wide range of family 
backgrounds, the reduced variability in the environ-
ment might mean that variability in genetic inheri-
tance becomes relatively more important in driving 
individual differences. Another possibility is genetic: 
Although our genes don’t change, different genes are 
expressed, or active, at different times. It is possible 
that more of the genes that are relevant to variation 
in language ability are switched on as children grow 
older. A third possible explanation is both genetic 
and environmental: Gene–environment correlation 
is when an individual’s genetic propensities influence 
the types of experiences they have. For example, a 
child whose genetic makeup makes it relatively easy to 
learn to read is likely to find it more enjoyable and to 
seek out books more often than a child who is finding 
reading difficult. This is an example of an active gene–
environment correlation in which the child chooses 
an environment that suits his or her genetic predis-
positions. Gene–environment correlations can also 
be mediated by other people: For example, parents 
might provide more books for a child who is enjoy-
ing reading (this would be an evocative gene–envi-
ronment correlation). In this type of situation, genes 
and environments are working in the same direction, 
and their effects are magnified: This can work in a 
positive way, as in the example above, but it can also 
work in a negative way (if, for example, a child who 
was struggling with reading, in part because of his or 
her genetic inheritance, avoided practicing reading). 
Gene–environment correlations are driven by genes 
and are included in the genetic part of a twin model. 
While it seems very plausible that this type of mecha-
nism might account at least partly for the increase in 
heritability that we see for language ability, it is cur-
rently only a speculative explanation. Further research 
is necessary to clarify which, if any, of the above expla-
nations can actually account for the findings.

Language-Learning	Impairments
The focus of this entry is on individual differences in 
language development. At the extreme end of the dis-
tribution of ability are children whose language skills 
are so poor that they are considered to be impaired 
in this area. Developmental language impairments do 

appear to be heritable, but the degree of heritability 
depends on the nature of the impairment. Expressive 
language difficulties, more severe impairments, and 
those accompanied by nonverbal difficulties seem to 
be under greater genetic influence. Indeed, genetic 
factors appear to be most important for speech dif-
ficulties rather than isolated language difficulties per 
se. Speech difficulties are particularly likely to lead to 
parental concern and referral to professional services 
such as speech–language therapy, and it is this profile 
that seems to be the hallmark of a heritable disorder. 
Perhaps surprisingly, comparable levels of language 
impairment in young children, which are not accom-
panied by speech difficulty, seem to be largely due to 
environmental factors.

Generalist	Genes
Genetic effects on complex behaviors such as lan-
guage are extremely likely to be polygenic, that is, to 
be due to the combined action of many genes, each 
of which exerts only a small effect. In addition, each 
of these genes is pleiotropic, exerting an influence 
on many different functions in the body and brain. 
This means that there are no genes for language, even 
though there are certainly genes that are important 
for language. It also means that any genes playing a 
role in individual differences in language ability are 
very likely to also be involved in other areas of cog-
nition, such as nonverbal ability, reading, and math, 
as well as in the underlying cognitive mechanisms 
subserving these skills, such as the ability to extract 
patterns from input, learning rate, and memory. 
Twin studies that have measured multiple cognitive 
and scholastic abilities in the same sample, and have 
thus been able to examine the extent to which the 
same or different genetic and environmental factors 
affect different skills, have often reported significant 
genetic overlap. This has given rise to the influen-
tial generalist genes hypothesis, which suggests that 
many of the same genes are likely to affect different 
cognitive abilities.

Twin studies have proved a valuable tool in under-
standing the underlying causes of individual differ-
ences in language ability. Recent research in this field 
goes beyond a simple dichotomy of nature versus 
nurture and examines more complex issues such as 
the etiology of different components of the language 
system, how the relative contributions of genetic and 
environmental factors might change over the course 
of development, as well as the causes of language 
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disorders. It also highlights the importance of consid-
ering language development in a broad developmen-
tal context, incorporating the relationship of language 
to other areas of cognition and behavior. As this excit-
ing field of research evolves, current findings will be 
enriched by the identification of the specific genetic 
and environmental factors that are ultimately respon-
sible for the range of variation seen in this most fun-
damental human behavior.

Emma Hayiou-Thomas
University of York
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Universal	Grammar
The existence of Universal Grammar (UG) is a foun-
dational thesis of most current research in genera-
tive linguistics and is strongly associated with the 
writings of Noam Chomsky, although it has his-
torical antecedents as far back as the work of René 
Descartes and his followers in the 1600s. In contem-
porary research, UG refers to grammatical proper-
ties of human language that follow from innate, bio-
logical characteristics of the human species. The UG 
thesis makes predictions for, and draws considerable 
support from, the characteristics of language devel-
opment in children.

The	Nature	of	UG
The contemporary scientific view on cognitive 
capacities such as vision and auditory perception is 
that they have a strong basis in the human genome 
and in the mechanisms of neurodevelopment. In the 
case of vision, for example, there can be effects of the 
environment on the developmental time course, but 
there is no sense in which the child learns vision from 
the surrounding community through the applica-
tion of general reasoning skills. The UG thesis is that 
humans’ capacity for language is quite similar: For 
both language and vision, the end point of develop-
ment is a complex information-processing system 
involving computational procedures that are almost 
entirely unconscious. In both cases, the vast majority 

of children arrive at the end state rapidly and success-
fully without exerting any obvious effort and regard-
less of their general intelligence.

The central project of generative grammar can 
be understood as an investigation of UG: What pre-
cisely is the content of UG, and how does that content 
interact with the environment during development to 
yield the grammatical competence, in some particu-
lar language, that we observe in adult native speakers? 
Put differently, the project is to give a precise, explicit 
characterization of what you know when you know 
the grammar of your native language and of how you 
came to know it. 

Consider a concrete example. Imagine that two 
people A and B are having a conversation in English. 
Speaker A says, “Carol thinks of herself as smart, and 
Susan thinks of herself as smart too, but Carol thinks 
Susan is really smart.” Speaker B might reply as fol-
lows:

Speaker B: “I’m confused. Who thinks she’s smart?”

At this point in the conversation, most native speakers 
of English would find either of the following answers 
reasonable:

Possible answer (1): “Carol is the one who thinks 
Susan is really smart.”
Possible answer (2): “Carol and Susan both think 
they’re smart.”

U



Now suppose that Speaker B instead says the fol-
lowing:

Speaker B: “I’m confused. Who does she think is 
smart?” 

At this point, most native speakers of English would 
find the first of the following answers reasonable but 
would be extremely surprised by the second answer:

Possible answer: “Susan is the one who Carol thinks 
is really smart.”
Not possible: “Susan and Carol both think they’re 
smart.”
 
In other words, it is extremely difficult, if not 

impossible, to interpret the English question Who 
does she think is smart? as meaning Who thinks of her-
self as smart? But, why should this be so? 

Viewed from the perspective of formal logic, the 
answer is far from obvious. The questions Who thinks 
she is smart? and Who does she think is smart? should 
both be able to mean Who is the person X, such that X 
thinks X is smart? In the first version of the question, 
the pronoun she is interpreted as a logical variable (X) 
bound by the question word who. Why should this 
suddenly be impossible in the second version?

This curious property of English turns out to be 
very widespread. In fact, to date, no one has found 
a clear example of a natural language that lacks it, 
although it is overwhelmingly absent from the arti-
ficial languages of mathematical logic and computer 
programming, for example.

For generative linguists, the explanation lies in UG. 
The proposal is that UG includes only a few options 
for the portion of a grammar that interprets noun 
phrases and that all of the options share a property 
known in the generative literature as the prohibition 
on strong crossover. 

A question word like who needs to be related to a 
gap in one of the positions where an argument (e.g., 
a subject or a direct object) can appear. Thus, in Who 
__ thinks she is smart?, the word who is related to a 
gap corresponding to the subject of the verb thinks, as 
evidenced by an answer like Susan thinks she is smart, 
where the gap is filled by the subject Susan.

Applying the same idea to the question Who does 
she think __ is smart?, we again find a gap where the 
answer might include a name, as in She thinks Susan is 
smart. Yet in this version of the question, the pronoun 

she appears in a position (namely the subject position 
for the verb think) that intervenes between the ques-
tion word and its associated gap. If the intervening 
pronoun she is interpreted as referring to the same 
person as the interrogative pronoun who, the result is 
a strong crossover violation.

The example of strong crossover is just one among 
many where generative linguists have discovered that 
native speakers of a given language (in this case, Eng-
lish) are all unconsciously obeying an extremely sub-
tle, and somewhat arbitrary, grammatical constraint. 
What would lead children to acquire a grammar that 
prohibits strong crossover? 

Clearly, parents cannot teach the constraint to 
their children explicitly because the vast majority of 
parents are completely unaware of it. Another logi-
cal possibility is that children limit themselves quite 
strictly to the sentences they have encountered in the 
speech of adults, but this idea is also untenable. To 
explain adults’ judgment that strong-crossover viola-
tions are unacceptable, it would have to be the case 
that adults are permanently restricted to the specific 
sentences they heard as children and view all other 
sentences as unacceptable. As soon as one allows any 
form of generalization from those sentences encoun-
tered in childhood, one needs to explain why no one 
generalizes in a way that yields strong crossover vio-
lations. For example, if a learner made the simple 
generalization that the English pronoun she can refer 
to any female individual under discussion, without 
restriction, then strong-crossover violations would 
automatically be judged fully acceptable.

Still another logical possibility is that all young 
children at some point produce sentences that violate 
the prohibition on strong crossover, and they are reli-
ably corrected by their parents or at least given some 
kind of implicit indication that they have made an 
error. A rich body of evidence shows that this cannot 
be correct. First, the vast majority of the grammatical 
errors in children’s speech take the form of omitting 
obligatory material rather than combining words in 
ways that are grammatically impossible in the target 
language. If the child does not produce the error, he 
or she cannot be corrected. 

Second, parental correction of grammatical errors 
is extremely unreliable. In many cases, parents ignore 
the grammatical form (be it correct or incorrect) of 
the child’s utterance and instead respond to the accu-
racy or inaccuracy of the idea that it expresses. In 
still other cases, parents fail to respond in any way at 
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all, and this can be for a wide variety of reasons. The 
learner cannot safely conclude anything from it.

Finally, even if the child does utter a sentence vio-
lating the prohibition on strong crossover, and even if 
the child has a parent who is willing and able to correct 
every single grammatical error the child ever produces, 
this will still not be enough. When the child produces 
a strong crossover violation (e.g., Who does she think 
is smart?), the sentence will always be completely well 
formed as long as the pronoun (she) is understood 
as someone distinct from the person whose name is 
being requested. The child cannot know whether the 
parent chose that interpretation because the strong-
crossover reading was prohibited or simply because 
it was the first interpretation that came to mind. The 
in-principle difficulty, if not impossibility, of learning 
a constraint like this one directly from the evidence 
available to children is what leads most generative lin-
guists to believe UG must be playing a central role in 
language development.

UG can be thought of as the initial state of the lan-
guage learner, prior to linguistic input from the envi-
ronment. According to the UG thesis, this initial state 
imposes severe restrictions on the types of grammars 
that a child can even consider (i.e., the child’s hypoth-
esis space). The initial state also includes some kind of 
abstract procedure (known as the language acquisi-
tion device [LAD]) that will guide the child to one 
particular option as a function of the primary linguis-
tic data (PLD, i.e., the samples of language use pro-
duced by parents and other caretakers in the presence 
of the child).

In order to specify a language learner’s hypothesis 
space, the principles-and-parameters (P&P) frame-
work has been the dominant paradigm in generative 
linguistics (especially in syntactic research) from the 
late 1970s up to the present, at least if one adopts a 
broad definition of principle and parameter. In broad 
terms, a principle is any characteristic that is neces-
sarily true of all natural languages (i.e., the languages 
that a child can acquire naturally through the usual 
process of first language acquisition). A parameter is 
a point of permitted variation across those languages. 

Given children’s overwhelming success at language 
acquisition, many researchers expect that the param-
eters of variation in UG will turn out to be quite 
restrictive so that there are relatively few options that 
a child needs to consider. Researchers also expect the 
parameters to be highly abstract, for example, much 
more abstract than a simple list of the numerous 

surface forms that a grammar effectively permits. This 
abstractness means that there will be many different 
kinds of utterances in the PLD that can serve to guide 
the child to the correct grammar for the target lan-
guage.

Within this broad P&P framework, parametric 
proposals have sometimes taken the form of a set of 
two or three options inside the statement of a gram-
matical constraint, for example, the head of a phrase 
must (precede or follow) its complement. These are 
sometimes called switchbox parameters.

In recent years, however, many linguists investigat-
ing cross-linguistic variation in syntax have instead 
proposed parameters that take the form of a small 
set of morphosyntactic features, each of which does, 
or does not, occur with a particular functional head, 
such as complementizer (C). This approach is espe-
cially well suited to cases like variation in whether 
interrogative words do, or do not, move to the edge of 
a question. For example, in the English question What 
did the student see __?, the interrogative pronoun what 
corresponds to the direct object of the verb see, yet it 
appears at the left edge of the clause. In Japanese, the 
equivalent sentence is Gakusee-ga nani-o mita-ka?, 
literally Student what see? The interrogative pronoun 
nani-o (what) occurs in the same position, immedi-
ately preceding the verb, where a noninterrogative 
direct object would appear in Japanese.

This point of variation in the position of interroga-
tive pronouns can be captured in terms of the presence 
or absence, in a given language, of an abstract feature 
on the interrogative C that attracts an interrogative 
pronoun to its structural location. The proposal is 
that all languages have a C on the edge of (i.e., imme-
diately preceding or immediately following) an inter-
rogative clause. In some languages, C is pronounced 
as a separate morpheme (e.g., the Japanese verbal suf-
fix –ka). In other languages, like English, interroga-
tive C is usually silent, but it has an audible effect on 
the position of a word like what. The idea that all the 
parameters of syntactic variation might take the form 
of abstract features on functional heads is known as 
the functional parameterization hypothesis. 

Still another P&P approach, adopted most fre-
quently in phonology but also found in syntax and 
semantics, is known as optimality theory (OT). This 
approach posits a universal set of violable constraints 
(e.g., syllables must not include a coda, and surface 
forms must correspond directly to lexical representa-
tions), and parameterization takes the form of ranking 
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these constraints relative to one another. The proposal 
is that speakers of a given language favor the forms 
that minimize violations of the constraints that are 
ranked highly in their particular language. The points 
of variation in OT, as in switchbox and functional 
parameterization models, can be highly abstract (not 
tied to specific surface forms) and can also be quite 
restrictive in the sense that most of the logically pos-
sible grammatical systems will be excluded altogether 
from the learner’s hypothesis space.

Connections	to	Language	Development
The UG thesis has tremendous implications for the 
nature of language development in children and has 
had a great deal of success in accounting for otherwise 
mysterious properties of language development. One 
such property is the incredible rapidity with which 
children acquire their first language. By the fifth 
birthday, the vast majority of children have acquired 
the core grammatical properties of their parents’ lan-
guage (or languages), but they usually cannot solve 
even a simple algebra problem.

The contrast between grammar and algebra is 
directly relevant in a case like the prohibition on 
strong crossover. For a child to even express this 
constraint consciously (let alone discover it) would 
require considerable facility with algebraic systems, 
in the form of constraints on the values of variables 
(interrogative and noninterrogative pronouns) rang-
ing over different possible values (the different indi-
viduals under discussion in a discourse). According to 
the UG thesis, however, there is no need for a child to 
discover the prohibition, or even to reason about it 
because it is built into the child in the same way as the 
computations performed by the visual system.

Another such property is the near-uniformity of 
success. In the vast majority of cases, different chil-
dren in a given speech community converge on essen-
tially the same grammar (as evidenced by consistent 
judgments on what clearly is, and clearly is not, an 
acceptable sentence–meaning pair). This is true even 
though children are exposed to different actual sen-
tences uttered in different circumstances and in an 
unpredictable order. Moreover, it holds true even 
though children are not reliably corrected for gram-
matical errors (as was discussed previously). If the 
children were learning their language, in the usual 
sense of the term, we should see much greater vari-
ability in the outcomes.

In the same vein, the UG thesis enables us to 
account for the uniformity of ease with which chil-
dren acquire any of the world’s languages (whether 
English or Samoan, Russian or Navaho). On the sur-
face, from the perspective of the average adult, these 
languages differ dramatically in the grammatical 
challenges they pose. From the perspective of a P&P 
account, however, each grammar corresponds to a 
different set of choices from the same, UG-provided 
menu of parametric options.

This last point brings us to the phenomenon of 
developmental changes. The uniformity of ease and 
success found in typically developing children does 
not persist into adulthood. While it is possible for 
an adult to become proficient in a foreign language, 
adults exhibit highly variable degrees of success, and 
in most cases, they need to make a conscious intellec-
tual effort to master the grammar of a new language. 
While there is not yet a consensus on the degree to 
which adults may still have some form of access to UG, 
the general pattern—that is, an obvious difference in 
both the procedure and the outcomes when language 
acquisition begins in late childhood or after the onset 
of puberty—is taken by generative linguists to reflect 
a maturationally timed change in one’s access to UG, 
understood as a specialized cognitive system for lan-
guage acquisition.

 
William Snyder

University of Connecticut
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Verbal	Working	Memory
Verbal working memory refers to the ability to keep in 
mind sequential verbal information in the face of dis-
traction. As a result, verbal working memory perfor-
mance depends on at least two factors: the ability to 
maintain verbal information in correct order and the 
ability to ignore distraction that might otherwise lead 
to forgetting. Consequently, researchers often distin-
guish verbal working memory from verbal short-term 
memory, with the latter referring only to the ability 
to maintain verbal information in the order in which 
it was presented. Verbal short-term memory can be 
assessed using simple tasks such as digit span that 
require participants to repeat a series of just-presented 
digits; verbal working memory is typically measured 
using more complex tasks that interleave periods of 
distraction between the presentation of each to-be-
remembered item. Performance on both types of task 
increases with age in children, and researchers have 
argued that both verbal short-term memory and ver-
bal working memory play important roles in driving 
aspects of children’s language development.

Verbal	Short-Term	Memory	and		
Vocabulary	Acquisition
For example, Alan Baddeley and his colleagues have 
argued that humans posses a dedicated verbal short-
term memory system that has evolved primarily to 
support language learning in children. In particular, 

these researchers argue that vocabulary develop-
ment depends heavily on verbal short-term memory 
because children need to maintain the speech sounds 
that make up any new word that they encounter 
long enough, and with sufficient accuracy, to create 
a stable, long-term representation of it. Support for 
this account came first from studies of adults who 
had experienced selective brain damage, perhaps as 
a result of a stroke, and who had severely impaired 
verbal short-term memory as a consequence. Such 
individuals find it extremely difficult to learn new 
phonological labels for items (e.g., the foreign trans-
lation of a known word in their native language). In 
contrast, adults who have a particular aptitude for 
learning languages show higher-than-average levels of 
performance on tests of verbal short-term memory. 
Crucially, studies with children have also lent support 
to the view that verbal short-term memory capacity 
is closely linked to the ability to learn new words. For 
example, children with superior verbal short-term 
skills tend to have larger vocabularies than children 
with poorer verbal short-term memory abilities.

While there is general agreement that performance 
on tests of verbal short-term memory is closely asso-
ciated with vocabulary knowledge in children, some 
researchers have questioned the direction of this 
association. In particular, because verbal short-term 
memory is necessarily assessed using verbal materi-
als, it is possible that a child’s knowledge of his or 
her own language is a key factor that determines the 
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ability to remember verbal sequences rather than vice 
versa. This issue is especially relevant in the context 
of the study of specific language impairment. Indi-
viduals with specific language impairment do show 
impaired verbal short-term memory performance, 
but many have questioned whether some, if not all, 
of this deficit might be a consequence of these indi-
viduals’ more general language difficulties. The extent 
to which verbal short-term memory function can be 
distinguished from more general language processes 
therefore remains a subject of both empirical and 
theoretical investigation. However, some support for 
the view that verbal short-term memory does play 
a causal role in vocabulary acquisition comes from 
studies that have measured children’s ability to learn 
new words in an experimental setting. Such studies 
typically ask children to learn the names of previ-
ously unfamiliar objects or characters. These names 
are nonsense words that the child cannot therefore 
have encountered before. Children with better ver-
bal short-term memory skills learn these new names 
more rapidly than children with poorer verbal short-
term memory abilities, a finding that is consistent 
with the view that verbal short-term memory plays 
a key part in the acquisition of new vocabulary items.

Having said this, it is important to stress that the 
term vocabulary refers to more than an individual’s 
ability to learn the verbal label associated with a novel 
object or concept. Vocabulary knowledge also encom-
passes an individual’s ability to learn which object 
a given word refers to. While the studies described 
provide evidence for a link between verbal short-
term memory and the ability to acquire the former 
aspect of vocabulary knowledge, it is not clear that 
the same link exists with the latter, which may depend 
more on more general conceptual or semantic pro-
cesses. In addition, Down syndrome is associated with 
marked verbal short-term memory difficulties, but 
less impaired vocabulary, suggesting that vocabulary 
understanding is unlikely to be wholly determined by 
verbal short-term memory capacity.

Verbal	Short-Term	Memory	and	Other	Aspects		
of	Language	Development
Although the key claim made by Alan Baddeley and 
his colleagues is for a link between verbal short-term 
memory and vocabulary, they have also argued that 
other aspects of language development might depend 
on this system. For example, they suggest that, in 
order to understand the meaning of a sentence, one 

may need to hold in mind the words presented at the 
start of that sentence while it unfolds. 

Studies from adult patients with acquired verbal 
short-term memory difficulties again provide some 
support for this suggestion but only under certain 
circumstances. Such patients often have no observ-
able difficulty in understanding spoken sentences, 
and presumably, this reflects the fact that the syntac-
tic structure of the sentence provides its own strong 
cues to meaning. However, when this disambiguating 
syntactic structure is not present, the potential effects 
of verbal short-term memory difficulties are seen. 
For example, verbal short-term memory patients 
would find it difficult to determine whether the fol-
lowing sentence is accurate or not: Sailors are often 
lived on by ships of various kinds. In this case, the sen-
tence does not make sense because two nouns have 
been exchanged while maintaining the position of 
the noun slots in the overall syntactic structure. The 
syntax of the utterance therefore does not indicate 
whether the sentence is necessarily meaningful or not, 
and instead, this can only be judged by reference to a 
representation of what was said that maintains each of 
the spoken words in correct order. There is relatively 
little work looking at similar effects in children, but it 
is certainly possible that verbal short-term memory 
plays a role in children’s language comprehension, 
albeit one limited to this kind of situation.

Verbal	Working	Memory	and		
Language	Development
In contrast, verbal working memory may be more 
generally linked to language comprehension than is 
verbal short-term memory. Studies have often shown 
an association between adults’ verbal working perfor-
mance, as assessed using the complex memory span 
tasks described, and measures of reading and listening 
comprehension. Although this again might reflect the 
fact that both the experimental and outcome measures 
in such studies are verbal, raising the concern that any 
association can be explained in terms of the third fac-
tor of general language proficiency, other research has 
shown that nonverbal working memory measures 
also relate to indices of language comprehension. 
In other words, the general ability to resist distrac-
tion, which is captured by both verbal and nonver-
bal working memory measures, may be important in 
determining individuals’ ability to comprehend lan-
guage. Certainly, one could argue that, to make sense 
of a spoken utterance, one needs to maintain multiple 
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readings of the meaning of that utterance initially and 
then inhibit a subset of these readings as they become 
irrelevant as more of the sentence is presented.

Potential evidence for such a role of working mem-
ory in language comprehension in children comes 
from studies of individuals with specific language 
impairment who have difficulties in sentence com-
prehension that appear to relate to working memory 
deficits rather than simply being a reflection of more 
general language problems. Similar evidence comes 
from research with children who have been classi-
fied as poor comprehenders. Although these children 
receive this classification on the basis of their difficul-
ties in making sense of sentences that they read, in 
most cases, these difficulties extend to problems in 
listening comprehension and so are not reading spe-
cific. Rather, working memory difficulties are often 
seen among this population, and experimental stud-
ies have shown that poor comprehenders do find it 
difficult to update their mental models of an unfold-
ing sentence and to inhibit irrelevant information.

Christopher Jarrold
University of Bristol
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Visual	World	Eye-Tracking	
Paradigm
Visual world eye-tracking paradigm (VWP) is an 
online experimental method to study spoken lan-
guage processing that records participants’ eye 
movements in the natural environment of compre-
hending and producing speech. It was first used to 
investigate the relationship between eye fixations and 
the meaning of simultaneously heard language by 
Roger Brown in 1974. This method did not catch on 
in adult psycholinguistics until 20 years later, when 
Michael Tanenhaus and colleagues published in Sci-
ence the first VWP study of how English-speaking 
adults resolve temporary syntactic ambiguities of the 
type Put the apple on the towel in the box (where lis-
teners may temporarily interpret on the towel as the 
apple’s destination, as opposed to indicating which 
apple is to be selected, i.e., the one on the towel). The 
first application of the VWP to language acquisition 
research was the replication of this study of syntactic 
ambiguity resolution in 1999 by John Trueswell and 
colleagues in an investigation of the development of 
sentence-processing mechanisms in 5- and 9-year-
old children.

The eye-tracking equipment used in psycholin-
guistic VWP studies is relatively inexpensive, can be 
portable, and allows for automatic and highly accu-
rate measurement of eye movements. There are two 
major classes of eye-tracking equipment that are 
used to record children’s eye movements. The first 
one is an advanced adaption of the Preferential Look-
ing Paradigm known as Looking-While-Listening. It 
was pioneered by Anne Fernald and colleagues and 
is primarily used with infants and toddlers (14–36 
months) as it records the direction of the child’s 
face and eyes relative to the environment as the gaze 
shifts between two separate screens in response to 
spoken instructions. Its variation, the so-called Poor 
Man’s Eye-Tracker, is typically used with toddlers and 
children (36 months and on), where the number of 
options to look at is expanded from two screens to 
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four corners of a vertical display. Equipment required 
for both the Looking-While-Listening and the Poor 
Man’s Eye-Tracker includes a digital camcorder and 
video-editing software for frame-by-frame analy-
sis of recorded eye movements, with superimposed 
spoken instructions. The second class comprises the 
more sophisticated pupil–corneal reflection eye-
trackers that continuously measure the position of 
the eye relative to the head and record actual saccades 
and fixations. Eye-trackers can be head mounted or 
free-viewing remote depending on whether the par-
ticipant views and interacts with real objects in the 
world or pictures and video clips presented on a 
screen, respectively. The four brands of eye-trackers 
that are the preferred choices for the VWP studies 
with children are Tobii (Tobii Technology), EyeLink 
(SR Research), SMI (SensoMotoric Instruments), 
and ISCAN (ISCAN, Inc).

The successful application of the VWP to study 
spoken language is based on the mind–eye hypoth-
esis, namely, that speakers and listeners tend to look 
at what they attend to in the visual world. Eye move-
ments reflect attention shifting between referents; they 
are rapid, incremental, and often anticipatory. There is 
evidence that eye movements are language mediated 
from early on in child development, making the VWP 
the best option among online methods in develop-
mental psycholinguistics. It measures visual attention 
when it is paired with speech, allowing researchers 
to conduct experiments with children under typical 
conditions of looking and listening or acting upon 
spoken instructions. This technique is user-friendly 
as it does not require meta-cognitive tasks or literacy, 
it does not tax working memory, and it is safe. It is 
applicable to a wide range of ages (from 14 months 
and on) and populations (e.g., children with specific 
language impairment, cochlear implants, or autism 
spectrum disorders; bilingual children).

The VWP eye-tracking studies with children inves-
tigate a wide range of language domains from spoken 
word recognition to interface-based phenomena. In 
some domains, children’s patterns of eye movements 
are very similar to those of adults, although their 
speed and efficiency in language processing continue 
to improve from infancy through childhood. In spo-
ken word recognition, infants and children demon-
strate sensitivity to lexical competition in cases when 
words start with the same onset (the cohort effect); 
from a young age, toddlers can take advantage of 
gender-marked information on articles and adjectives 

to access words faster. They can also use contrastive 
prosody, construct filler-gap dependencies between 
wh– words and their initial positions in questions, 
and establish anaphoric relations between pronouns 
and their referents to resolve referential ambiguities 
online. In other domains, such as the processing of 
verb-argument structure, resolving temporary syn-
tactic ambiguities, and universal quantification, chil-
dren as old as 6 years differ from adults, and the VWP 
is essential in providing an insight into the cause of 
children’s sentence comprehension errors. When 
they make errors, their patterns of eye movements in 
incorrectly interpreted sentences reveal that children 
over-rely on lexical properties of the verbs, pay exces-
sive attention to visually salient but irrelevant refer-
ents, and often process spoken language determin-
istically, being unable to revise their initial incorrect 
interpretations.

Irina A. Sekerina
College of Staten Island, City University of New York
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Vocabulary	Growth
Vocabulary can be seen as a critical variable in child 
development and school success. Words are the lan-
guage units by which meanings are communicated; 
hence, vocabulary acquisition is closely tied to lan-
guage comprehension and knowledge construction. 
Vocabulary growth involves a continuous increase in 
the representation of word meanings and their cor-
responding word forms. Such growth entails both 
more words (quantity of representations) and more 
refined knowledge about word meanings (quality of 
representations). 

Starting from infancy, children make steady prog-
ress in their conceptual development, resulting in a 
rapid growth of vocabulary. To increase their stock of 
words, children need to link appropriate meanings to 
word forms. In the first stage, children use words to 
refer to a much larger class of objects, acts, or events 
than adults do. Step by step, children learn to demar-
cate the meanings of each of the words they encoun-
ter. With regard to children’s acquisition of content 
words, it should be noted that children are not limited 
to making simple associations between specific sound 
patterns and referents—a process referred to as fast 
mapping. Research into vocabulary development has 
shown that children use information from the variety 
of contexts in which a word is used to make assump-
tions as to the possible semantic boundaries that 
characterize the underlying concept associated with 
the word form—a process referred to as slow map-
ping. It is therefore generally assumed that vocabulary 
acquisition proves particularly successful when words 
are introduced in context-rich environments.

In the first years of life, children’s vocabulary 
growth proceeds primarily through speech encoun-
tered through social interaction. Around the age of 1 
year, children start out with small numbers of lexi-
cal representations that are considered to be holistic 
and undifferentiated. Starting from about 1½ years 
of age, the number of lexical items sharply increases 
up to 3,000 words in preschool-age children. As the 
number of words in the mental lexicon of the child 
increases, words tend to be represented in a more 
systematic and detailed manner with respect to pho-
nemes as the implicit perceptual units underlying the 
phonological representations of words. This lexical 
restructuring process enables the child to make fast 
and accurate discriminations of a growing number of 
lexical entries. By the end of second grade, children’s 

vocabularies on average amount to up to 6,000 words. 
Implicit knowledge about the sounds of words used 
in spoken word recognition may gradually evolve into 
knowledge about word phonology and morphology, 
which is necessary for the acquisition of phonological 
awareness, morphological awareness, and literacy. Lit-
eracy acquisition opens up opportunities for children 
to learn novel word meanings and to refine stored 
word meanings through reading experience. Given the 
fact that written text takes on a major role in instruc-
tion, a strong impact of literacy on advanced vocabu-
lary development can thus be predicted. Depending 
on children’s literacy skills, it is expected that children 
in the elementary grades will learn more than 2,000 
new word meanings each year—leading to an esti-
mated vocabulary size of 15,000 words by the end of 
primary school and an estimated vocabulary size of 
45,000 words by the end of secondary school. 

Importantly, at all ages, children show considerable 
individual differences in the sizes of their vocabular-
ies. Such individual differences in vocabulary growth 
trajectories have been attributed to a number of 
factors. To begin with, child characteristics play an 
important role in predicting vocabulary growth. First 
of all, it appears that speech-decoding skills, which 
can be measured with discrimination and categori-
zation tasks, have an important role to play. Lexical 
specificity of word representations, which includes 
the ability to detect mispronunciations of words, is 
also important for vocabulary development. Another 
relevant precursor of vocabulary relates to verbal  
working memory. Many studies have shown that ver-
bal short-term memory, as measured with nonword 
repetition and digit- or word-span tasks, is related 
to vocabulary development from an early age. And 
when it comes to vocabulary learning from written 
text, children’s word-decoding abilities can be seen as 
a critical factor as well as their abilities to use con-
textual and morphological cues to infer word mean-
ings. Finally, vocabulary growth is highly dependent 
on the quality of input. Meredith Rowe and collabo-
rators have shown that the quality of language input 
is a critical factor in stimulating vocabulary growth, 
especially in children from low socioeconomic back-
grounds. In their study, velocity and acceleration in 
vocabulary development at 30 months predicted later 
vocabulary, particularly for children from low socio-
economic backgrounds.

How does vocabulary growth actually take place? 
Children’s vocabularies expand gradually through 
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exposure to new words every day, with accelerated 
growth due to literacy. Because semantic knowledge 
is typically acquired over a number of exposures to 
a word form across multiple contexts, children may 
have incomplete knowledge of many word meanings, 
with incremental refinement of semantic knowledge 
occurring over time. Connectionist and other com-
putational models provide insight into the potential 
mechanisms underlying the neurocognitive develop-
ment of both oral and written word representations. 
For example, a model called latent semantic analysis 
has demonstrated how meanings can be extracted 
simply by keeping track of the co-occurrences of 
words in passages of text—in effect, by tracking collo-
cation statistics indicative of how words are associated 
with various semantic contexts. 

In this and similar models, words are not rep-
resented as collections of semantic features but in 
terms of the similarity of their positions in multidi-
mensional meaning space. Depending on the input 
source (oral versus written language input), lexical 
development is seen as the outcome of the interac-
tions between phonological, morphological, ortho-
graphic, and semantic information. Lexical growth 
can thus be seen as a continuous process of restruc-
turing of lexical representations in a self-organizing 
neural network. Given such incremental learning, 
and the ability of the system to capitalize on prior 
learning (in effect, learning how to learn), strong 
stability in lexical growth trajectories over time is 
predicted. Indeed, in a study of children in the age 
range of 1 to 6 years, including the transition from 
preschool to school, Marc Bornstein and collabora-
tors found evidence of moderate to strong stability 
of children’s lexical development. Stability in vocabu-
lary growth tends to become even stronger as chil-
dren gradually become literate, such that children 
with initial advantages in phonological awareness 
and vocabulary knowledge at the outset of literacy 
instruction tend to acquire words through text at a 
faster rate than children with less advanced skills and 
thus remain advanced relative to their peers.

Ludo Verhoeven
Radboud University Nijmegen
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Vocabulary	Spurt
The vocabulary spurt, word burst, or naming explo-
sion (or any combination) refers to an apparent 
acceleration in the rate at which children acquire new 
words, usually between 18 and 24 months. Norma-
tive data from the MacArthur–Bates Communica-
tive Development Inventories (CDI) suggests that, 
between 17 and 20 months, children learn about 20 
new words per month, but from 21 to 24 months 
this increases to 46.25. While the vocabulary spurt 
typically refers to the specific acceleration during the 
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second year, theoretical debates often concern the 
nature of acceleration in word learning more broadly.

The vocabulary explosion is typically documented 
in longitudinal assessments of vocabulary size using 
standardized parent report measures like the CDI. 
It was first described by Lois Bloom and extensively 
documented by L. Fenson, P. Dale, J. Reznick, and 
E. Bates. It is observed in both the number of words 
comprehended and produced, though it occurs sev-
eral months earlier for comprehension. It can be quite 
variable among kids, and late talkers may show more 
gradual learning, though it is unclear if they would 
spurt later. Jennifer Ganger and Michael Brent care-
fully analyzed the growth curves of many existing 
datasets and suggested the spurt is better character-
ized as a gradual acceleration, not a sudden shift in 
learning rate. While pinpointing the onset of the 
vocabulary spurt requires computing the change in 
vocabulary size across time, many studies use the 
point at which a child attains a 50-word productive 
vocabulary as a proxy.

Paul Bloom has argued that acceleration may be a 
fait accompli: For children to reach the tens of thou-
sands of words they will know by adulthood, word 
learning must accelerate given how slow early learn-
ing is. However, there is conflicting evidence as to 
whether the core capacity for learning changes. Work 
by Amanda Woodward shows that, in the lab, 13- and 
18-month-olds require similar numbers of repetitions 
to learn a word. However, studies of whether older 
children retain a word after a single exposure suggest 
that children with larger vocabularies are more likely 
to show retention (though not till 24 months, after 
the spurt). Consequently, explanations of the spurt do 
not generally posit changes in core learning capacity 
but rather emphasize how children extract informa-
tion from their environments.

Theoretical proposals about the cause of the 
vocabulary spurt (which often concern acceleration 
more broadly) form two classes. First, phase-tran-
sition approaches suggest children are qualitatively 
different before and after the spurt. The oldest such 
theory is that the spurt occurs when children achieve 
the naming insight (realize that everything has a 
name). There is also evidence that the onset of some 
categorization abilities predicts the vocabulary spurt. 
Many theories suggest a qualitative shift in how kids 
learn—before the spurt, they employ more associa-
tive mechanisms (linking observable objects to names 
they hear), while afterward, they learn in a more 

conceptual, referential or social and pragmatic fash-
ion. Finally, a number of scholars have proposed that 
the sudden availability of word-learning constraints, 
like the whole object, mutual exclusivity, or the taxo-
nomic constraint, leads to the vocabulary explosion. 
Supporting these theories, children do become more 
sophisticated at joint attention, categorization, and 
interpreting novel words at this age. However, many 
of these studies are correlational, examining these 
abilities as a function of vocabulary. As a result, it is 
possible that early vocabulary development causes 
changes in categorization and social or lexical behav-
iors (not the other way around). Phase-transition 
approaches also predict a sudden increase in learning 
rate, which is inconsistent with the smooth accelera-
tion typically observed.

A second class of theories can be termed leveraged 
learning. These posit continuous acceleration coming 
from the fact that, each time a child learns a word, 
he or she can leverage it to learn future words. Lever-
age can be achieved from a number of mechanisms 
including improved word segmentation or fast map-
ping by mutual exclusivity (the ability of children to 
infer the link between novel words and referents when 
they know names for the other available referents). In 
both cases, the more words a child knows, the more 
likely he or she is to encounter known words and 
objects in the speech stream or visual scene, which 
helps the child learn more from these situations. 
These are also supported by correlational data and 
more accurately predict the smooth acceleration seen 
in vocabulary growth curves.

A recent computational model presents an alterna-
tive. Bob McMurray pointed out that all approaches 
assume that, if word learning were gradual, growth 
curves should look linear; thus when accelerating 
growth is seen, it must imply an additional process. 
However, a series of computational analyses showed 
that, as long as multiple words are learned simultane-
ously (e.g., children do not wait until they are done 
learning mommy to start learning daddy) and words 
vary in difficulty, one should virtually always observe 
acceleration, even if the rate of accumulating informa-
tion is linear. In this model, the early, slow phase rep-
resents the few low-hanging fruit. These are words that 
can be learned in a few exposures, but there are only a 
few, and thus, the apparent rate of acquisition appears 
slow. In contrast, words learned during the spurt are 
somewhat harder, but there are a lot of them. As the 
child has been working on all of them for some time, 
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they all appear together, looking like a sudden burst. 
The model suggests there are more moderate than easy 
words because many factors determine a word’s dif-
ficulty (phonology, frequency, syntax, visual proper-
ties, etc.), and as a result, the distribution of difficulty 
across words should be roughly Gaussian. This fram-
ing does not rule out other accelerative forces, but it 
challenges the assumption that apparently accelerating 
growth requires such forces by illustrating how accel-
eration is a mathematical consequence of the most 
elementary assumptions about learning.

Bob McMurray
University of Iowa
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Vocal	Imitation
Vocal imitation is a core mechanism for the devel-
opment of vocal production, speech, and language . 
It requires both fine auditory perception and motor 
coordination . Infants are capable of imitating mod-
eled vowel sounds from birth. Auditory–motor con-
trol of sound production is refined over the first few 
years of life until full mastery of spoken language 
is achieved. Vocal imitation, both voluntary and 

unintentional, is pervasive in language use through-
out life. It is not specific to humans; vocal imitation is 
central to the acquisition of vocal repertoire in vari-
ous species of songbirds. A long-standing debate in 
developmental psychology is whether imitation by 
infants primarily reflects a need to communicate, an 
act of social cognition that helps babies verify people’s 
identities, or whether it is, at least at the beginning, an 
automatic response to environmental stimuli.

Vocal development between birth and toddlerhood 
progresses through various stages marked by qualita-
tive changes in sound production. Imitation of speech 
sounds is thought to be a key factor in inducing these 
qualitative changes, though they are also constrained 
by major anatomical restructuring of the vocal tract. 
Vocal imitation studies are relatively rare in early 
infancy, but there is strong evidence that, by 4 months, 
infants differentially imitate speech and nonspeech 
sounds, producing more speechlike (well-formed 
vowel sounds) responses to adult speech. There is evi-
dence that, from 8 weeks, infants’ vocal production 
is selective, that is, that the acoustic qualities of the 
sounds they make vary according to their production 
contexts. Further evidence suggests that, by 3 months, 
infants selectively imitate specific prosodic contours 
in the course of naturally occurring social interac-
tion. In particular, mothers repeat and infants imitate 
contours that infants spontaneously produce less fre-
quently at that age. Thus, imitation serves to scaffold 
prosodic contour production. These studies suggest 
that vocal imitation, even in the earliest months of 
life, is not merely a reflexive vocal contagion as put 
forward by Jean Piaget. Studies of vocal development 
among deaf infants have shown the importance of 
auditory feedback (both exteroceptive and proprio-
ceptive) in acquiring a stabilized sound system.

Most studies of vocal imitation in infancy, both 
experimental and naturalistic, have focused on the 
reproduction of speech syllables. A limited number 
of studies have examined matching of other acous-
tic features of sound such as pitch, melodic contour, 
or duration. Some newborns effortfully imitate the 
vowel sound /a/ but no consonant or consonant–
vowel sounds, and until 6 months, the majority of 
sounds imitated by infants during vocal interaction 
are vowel sounds. Experimental studies have shown 
that, by 12 weeks, infants accurately imitate three 
different vowel sounds despite a mismatch between 
the frequency ranges of infant and adult vocaliza-
tions. Vocal imitation is likely to involve simultaneous 
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imitation of sound and oral movement and therefore 
to rely on the integration of multimodal data.

Vocal imitation might serve multiple functions. 
Its selectivity suggests that it supports vocal develop-
ment in terms of auditory–motor control. It orients 
young infants to specific speech sounds and enables 
them to identify these sounds before they are able 
to produce them. It is also observed in spontaneous 
vocal exchange between adults and young infants and 
is often considered to help sustain social interaction 
involving a turn-taking organization. Vocal imitation 
by infants of speech sounds is thus thought to reflect 
both a motivation to learn how to produce the sounds 
of their conspecifics and a motivation to communi-
cate with them. Vocal imitation by adults of infant 
vocalization may scaffold vocal development through 
reinforcement and correction as well as help sustain 
and prolong bouts of social engagement.

There is some debate about the frequency of vocal 
imitation in naturalistic vocal interaction, though 
there is general agreement about its high degree of 
interindividual variability. It is also unclear whether 
infants imitate adults as much as adults imitate infants 
in vocal interaction and to what extent vocal imitation 
supports a turn-taking organization. Vocal imitation of 
syllabic sounds in naturalistic interaction with infants 
between 2 and 24 weeks presents a nonlinear develop-
ment. It appears both that infants imitate mothers and 
that mothers imitate infants most frequently between 
2 and 2½ months. This period coincides with the coo-
ing stage of vocal development, when infants acquire 
greater control of their vocal production and engage in 
sustained episodes of social interaction.

Methodological confounds are the likely cause of 
the scarcity of developmental studies of vocal imita-
tion in infancy. Indeed, both experimental and natu-
ralistic studies of vocal imitation present limitations. 
All studies of vocal imitation in the early stages of 
vocal development come up against the problem of 
transcribing sounds that bare little similarity to adult 
speech. Researchers have often combined instrumental 
and perceptual coding procedures, but few have taken 
into account the multiple acoustic features (not just 
speechlike sounds) of early vocal production. Another 
difficulty in assessing vocal imitation is the resem-
blance requirement of vocal responses and modeled 
sounds, given that adult and infant vocal production 
is different in nature. Furthermore, it is possible that 
partial imitation is an important aspect of vocal imi-
tation, one which drives the infant to explore sound 

production in the company of attentive social part-
ners. In naturalistic contexts, it is difficult to determine 
whether a given vocal production is an immediate or 
a deferred imitation of a preceding vocal production, 
whether it is an auto-imitation, or whether it is an imi-
tation at all. Experimental studies based on the repro-
duction of modeled sounds focus on the capacity to 
imitate and its role in acquiring competence but do 
not take into account how vocal imitation might moti-
vate social engagement and vocal play.

Maya Gratier
Paris West University Nanterre La Défense
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Vygotsky,	Lev
Lev Vygotsky (1896–1934) developed a cultural–his-
torical (aka sociocultural) theory of human develop-
ment and learning in postrevolutionary Russia on the 
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foundation of Marxist dialectical philosophy and its 
sociopolitical ethos. Although original works date 
back to the 1920s and 1930s, this theory went through 
exponential growth first in Vygotsky’s own research 
school in the Soviet Union (works by A. N. Leontiev, 
A. R. Luria, and others that extended through the 
1980s) and later internationally. Its unique vision of 
human development, mind, language, and learning 
has radical, and quite contemporary, implications 
that resonate with recently influential situated, col-
laborative, embodied, and distributed cognition theo-
ries, dynamic systems theory, and others. Vygotsky’s 
ideas about cultural mediation and the relationship 
between thinking and speech directly impacted many 
influential theories such as those by Jerome Bruner, 
Michael Cole, Barbara Rogoff, Katherine Nelson, 
Michael Tomasello, Vera John-Steiner, Donald Mer-
lyn, James Lantolf, and James Wertsch, among others. 
Vygotsky’s views have been continuously reassessed 
and will likely undergo still newer interpretations 
given that major works became available to inter-
national readership only recently, explorations in 
his archives are continuing, and many difficulties 
are involved in translation. Vygotsky’s ideas often 
require extended interpretation involving drawing 
connections across scattered works because he him-
self never had a chance to retrospectively comment 
on the cumulative meaning and overall import of his 
theory, given the extreme circumstances of his swift 
and rather brief career spanning an extraordinarily 
tumultuous historical-political era.

Language	and	Speech	Within	a	Dialectical		
Theory	of	Human	Development
Vygotsky’s views on language are embedded within 
his broader dialectical theory of human develop-
ment and can be interpreted in its light. The overall 
approach he took was to understand mind and lan-
guage not as separate faculties of isolated individu-
als acting in a vacuum but instead as developing out 
of human engagements in the world, saturated with 
culture and social interactions, to serve the purposes 
of participating in communal life. The underlying 
rationale was to dialectically bridge the traditional 
divides—especially between material versus mental 
activities and between collective versus individual 
processes—by revealing their developmental conti-
nuity and common grounding in social, collaborative 
activities (i.e., human culture) while focusing on the 
uniqueness of the human mind and cognition. It is in 

explaining what is unique about the human mind and 
consciousness that the topic of language and speech 
becomes central.

For Vygotsky, the development of consciousness 
and language is based in the development of humans’ 
practical, collaborative relations that form the founda-
tion of human culture. Following Karl Marx and Fried-
rich Engels, Vygotsky wrote that the essential charac-
teristic of human individuals is their ability to engage 
in productive, social labor—practical, collaborative 
activity that sustains and drives social life by changing 
material conditions of existence with the help of ever 
more sophisticated tools. In the course of developing 
these productive, practical activities, humans enter 
into complex forms of social interactions, creating and 
employing new material and psychological tools. For 
Vygotsky, early humans developed gesture and later 
speech to help organize, regulate, and coordinate the 
labor process and associated social interactions among 
people. Thus, social speech originated historically as 
an instrument of practical activities and the social 
relations they spawned. As human labor activity and 
social interactions grew more complex, numeric and 
written language systems developed to sustain and 
further these activities.

Speech, a new part of collaborative practical activ-
ity, helped to modify, regulate, and direct that activ-
ity. In much the same way that physical tools and 
instruments mediated objective human activity, the 
gestures and vocalizations that accompanied social 
labor also came to mediate this ongoing activity, as 
well as the relations among its participants. While 
physical instruments produced changes in objects in 
the external environment, the use of speech and signs 
produced changes in the behavior of others and one-
self. This systematic and widespread use of physical 
and psychological instruments in a social labor pro-
cess, gradually expanding in history, was the objective 
force that gave rise to human consciousness.

Developmental	Dynamics	of		
Language	and	Speech
For Vygotsky, the use of signs and language to com-
municate with others in the course of practical 
activities in the form of interpsychological processes 
gradually engenders intrapsychological processes. As 
Vygotsky put it, a sign is always originally a means 
used for social purposes, a means of influencing 
others, and only later becomes a means of influ-
encing oneself. While some tools aimed directly at 
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transforming the physical world, psychological tools 
like language quintessentially aimed at transforming 
social and psychological processes (and ultimately 
material reality as well).

Vygotsky took the increasingly complex social rela-
tions generated by labor and its instruments to be 
the foundation of human consciousness. Vygotsky 
summed his position by paraphrasing Marx’s sixth 
thesis on Ludwig Feuerbach: “The psychological 
nature of man is an aggregate of social relations trans-
ferred within and becoming functions of the personal-
ity, the dynamic parts of its structure.” Signs, language, 
and speech appear first in shared, external form and 
are then internalized by individuals. For Vygotsky, 
the internalization process is formative of psycho-
logical processes in both human cultural history and 
the ontogenic development of each individual. These 
ideas were summed up in what Vygotsky termed the 
general law of development of higher mental functions, 
according to which “these functions arise as forms of 
cooperative activity. Only later are they transformed 
by the child into the sphere of his own mental activity.” 

From Vygotsky’s perspective, a child develops psy-
chologically through engagement in practical, social 
activity with others, beginning with the simplest forms 
of adult–child interaction, which involve cultural 
tools that embody the social experience of humanity. 
Shared routine activities with an adult, including cul-
turally patterned activities such as pointing and nam-
ing an object (e.g., ball) cause profound modifications 
in children’s perception and attention, orienting them 
toward an object that had not gained attention in 
its own right. As the meaning of words comes to be 
understood, naming the object indicates its essential 
functions and characteristics within a given culture 
and places it within a category of similar objects (e.g., 
the ball is a toy). Thus, the word imparts a broader 
(generalized) understanding of the ball than could 
be gained merely through reliance on its superficial 
appearance and spontaneous actions performed with 
it. Language continuously undergoes its own cultural 
development as human practical activity and forms of 
social collaborative interactions develop. As a result, 
each new generation, through the acquisition of lan-
guage and other cultural tools, also acquires (and can 
further expand upon) the accumulated experiences 
and practical consciousness developed in the course 
of human history. As Vygotsky wrote, each instance of 
sign-using behavior by the child originated as a form 
of social collaboration, which is why this semiotic 

behavior, even at the more advanced stages of devel-
opment, remains a social mode of functioning.

The	Role	of	Language	and	Speech		
in	the	Development	of	the	Mind
Vygotsky’s cultural-historical theory of mind asserts 
that the internalization of language, the primary sys-
tem of culturally developed signs, plays a key role in 
the development of the uniquely human higher men-
tal functions and consciousness in general. Children 
first display rudimentary, lower mental functions 
such as spontaneous forms of attention and mem-
ory. The use of signs and language in practical social 
activity with others brings about new connections 
between these functions, restructuring and trans-
forming them into more complex, qualitatively differ-
ent higher psychological functions. These culturally 
mediated, coordinated, and consciously employed 
functions include intentional memory, purpose-
ful attention, and verbal thought. For Vygotsky, this 
interfunctional system has the irreducible, systemic 
qualities of human consciousness.

Vygotsky proposed that thinking and speech, 
though highly integrated in their mature forms, have 
different origins and trajectories of development. 
Prelinguistic or nonverbal thought develops from 
infants’ active sensory–motor problem-solving activ-
ity. For Vygotsky, while there is a prelinguistic phase 
in the development of thought and a pre-intellectual 
phase in the development of speech (e.g., babbling), 
nonverbal thinking and speech merge in social activ-
ity during the second or third year of life. As the child 
develops meaningful words, thinking and speech 
merge together, whereby thought becomes verbal 
and speech becomes rational. This new tool of verbal 
thinking ultimately leads to development of abstract, 
theoretical thought and conceptual reasoning, which 
are powerful tools for understanding and transform-
ing the world.

Vygotsky saw language as the most important psy-
chological tool developed in human history, not only 
because it reorganizes the mind, engendering verbal 
thinking and creating new systemic qualities, but 
because it also leads to the central characteristic of the 
human personality: self-regulated and goal-directed 
voluntary activity (also termed will). Vygotsky out-
lined the internalization of language and the devel-
opment of volition as proceeding through three main 
ontogenetic stages: social speech, egocentric speech, 
and inner speech. As a child develops social speech, 
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he or she comes to use words with increasing effec-
tiveness, without necessarily at first understanding 
their semantic denotation. Words initially merely 
aid in shared activity (labeling, requesting adult 
help, etc.), with language entirely directed toward 
others. Egocentric speech is a transitional phase in 
which social speech becomes self-directed, organiz-
ing and directing one’s own activity in the same ways 
that adults previously directed the child. Instead of 
appealing to adults for help, the child essentially 
appeals to him- or herself. Gradually, what the child 
has been capable of doing together with others can 
now be done by the child independently; functions 
shared between people become functional systems 
that can be actively applied by the child in his or 
her own activities and practical pursuits. Vygotsky 
observed that children transition from solving prac-
tical tasks with their hands and eyes to solving them 
with the help of their speech. During the age inter-
val of roughly 3 to 7 years, egocentric speech changes 
in form, becoming further differentiated from social 
speech until it becomes silent, inner speech, which 
precedes and regulates activity and is used for think-
ing and planning intentional action.

For Vygotsky, this development of the mature use 
of cultural signs, especially language, is significant 
in a multitude of areas. First, it frees the child from 
the immediate concrete situation and the need for a 
direct, spontaneous, and predetermined response to 
the environment. Instead, it becomes possible to set 
goals and explore potential strategies of acting on the 
verbal plane before carrying out physical actions. It 
becomes possible for the child to imagine and discuss 
objects and events that are not immediately present 
and to operate within hypothetical situations. The 
past and future open up, allowing the child to operate 
in a greatly expanded framework of space and time. 
Verbal thought and inner speech provide the basis for 
self-awareness and reflection on one’s own actions, 
thoughts, and emotions, which are essential in the 
construction of self and identity.

Conclusion
In sum, Vygotsky’s seminal contributions to language 
development epitomize a shift away from viewing 
language as an abstract system of signs and speech as 
an individual and isolated mental process to under-
standing them as powerful tools that originate in 

social, collaborative practices and undergo dynamic 
developments both in cultural history and in ontog-
eny. Language and speech can be explained by looking 
into their genesis and role in organizing complex, spe-
cifically human collaborative activities, social interac-
tions, and the dynamic interplay across dimensions of 
human consciousness.

Jeremy E. Sawyer
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The Graduate Center, City University of New York
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Williams	Syndrome	and	
Language	Development
Williams syndrome (WS) is a rare genetic disorder 
(around 1 in 20,000 live births) characterized by 
learning disabilities and an uneven cognitive profile. 
It is relevant to theories of language development 
because language acquisition is a relative strength in 
the disorder.

In the late 1980s, it was thought that WS might dem-
onstrate the independent genetic underpinnings of 
language and general cognition, that is, that language 
could indeed develop normally in the face of impaired 
general cognition. Subsequently, 25 years of research 
suggest that this is probably not the case. While lan-
guage in WS does look impressive compared to some 
other developmental disorders that have particular 
language problems perhaps relating to poor phonology 
(such as Down syndrome [DS] and specific language 
impairment [SLI]), it is best characterized by delay, 
with most linguistic abilities not markedly different 
from overall mental age. There may be subtle patterns 
of atypicality, some of which may be connected with 
other aspects of the WS cognitive profile, including a 
hypersociable personality and weaknesses in visuospa-
tial cognition. Research seeking to understand how the 
genetic mutation that causes WS results in the charac-
teristic cognitive profile (via effects on brain develop-
ment and cognitive development) is still ongoing.

Williams	Syndrome	Defined
WS is caused by a spontaneous deletion of around 28 
genes from one copy of chromosome 7, resulting in a 
range of physical anomalies, including a characteris-
tic elfin facial dysmorphology as well as a character-
istic uneven cognitive profile, with relative strengths 
in language, social skills, and face processing, and 
relative weaknesses in visuospatial cognition, motor 
skills, and problem solving, where relative means com-
pared to overall mental age as assessed by a standard-
ized test battery. WS was first described in the early 
1960s but did not receive significant attention from 
developmental psychologists and linguists until the 
late 1980s. Initial studies by Ursula Bellugi and col-
leagues indicated that, while individuals exhibited 
mild to moderate learning difficulties, they had no 
problems with understanding passive sentences, nega-
tion, or conditionals, suggesting that syntactic abilities 
might be normal in WS. An analysis of spontaneous 
speech showed that the language in WS included well-
formed and complex structures despite low levels of 
IQ. These initial findings led Steven Pinker to contrast 
WS with SLI—a familial developmental disorder with 
impaired language development but nonverbal cog-
nitive skills in the normal range—and conclude that 
the two demonstrated a genetic double dissociation: 
While WS demonstrates normal development of lan-
guage but not cognition, SLI shows the opposite pat-
tern with normal development of cognition but not 
language. He concluded that, together, the disorders 
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provided evidence supporting the thesis that there 
was a specific genetic basis for human language devel-
opment separate from general cognition.

Since then, two decades of research on language 
and cognitive development in WS has not supported 
these claims (nor indeed the specificity of language 
impairment in SLI). Language in WS represents 
a complex developmental pattern, with fraction-
ation (unevenness of development) throughout and 
marked variability between individuals with the dis-
order. Receptive vocabulary, as measured by tests such 
as the Peabody Picture Vocabulary Test and the Brit-
ish Picture Vocabulary test, does represent a particu-
lar strength of individuals with the disorder, but even 
this ability is rarely at a level predicted by chronologi-
cal age. The high scores may in part reflect the nature 
of these tests of language ability (e.g., pick one of four 
pictures that goes with the target word). Apart from 
receptive vocabulary, most language abilities are more 
in line with overall mental age and thus represent a 
pattern of delayed development.

Language	Development	in	Williams	Syndrome
Nevertheless, some anomalies have been identified. 
The earliest stages of language acquisition in WS show 
a delay in onset of perhaps 2 years. When language 
begins to emerge in toddlers with WS, some of the 
associated precursors appear atypical. For example, 
in contrast to typical development, pointing does not 
precede naming in WS. Vocabulary development does 
not appear to have the same relationship with markers 
of developing semantic knowledge (such as the ability 
to sort objects) or with gesturing. Toddlers with WS 
also show differences in shared attention, in particular 
in the way that they attend to caregivers during label-
ing situations (e.g., when the caregiver says, “Look at 
the doggie,” instead of switching attention back and 
forth from the caregiver to the dog, the child with WS 
tends to continuously fixate on the caregiver’s face). 
Together, these point to possible differences in the early 
developmental pathways for WS language acquisition.

Language development in WS accelerates in later 
childhood and early adolescence, when the some-
times-impressive facility with vocabulary can be 
observed (compared to mental age). However, it is 
not always clear that the individual fully understands 
the meaning of the figurative expressions and certain 
words he or she is using rather than relying on a good 
memory for phrases and an approximate understand-
ing of meaning in their usage.

One particular research focus has been on the 
development of grammar in WS, with initial claims 
that it develops normally (albeit delayed). Several 
studies investigated morphology, contrasting perfor-
mance on regular versus irregular inflectional para-
digms in a quest to identify stronger performance on 
rule-based rather than irregular inflections compared 
to children matched on overall language ability or on 
overall mental age. The evidence here proved mixed, 
with no clear demonstration of selective deficits. 
Studies of syntax also yielded mixed results with, for 
example, one study showing the presence of core syn-
tactic relations in the comprehension of conditionals 
(scope and c-command), while other studies uncov-
ered deficits in the processing of relative clauses and 
passive constructions. It is worth pointing out that, in 
the study examining conditionals, the group of indi-
viduals with WS had a mean age of 16 years and was 
scoring slightly more poorly than typically developing 
6-year-olds. This type of comparison undermines the 
initial claims of Pinker that syntax might be develop-
ing independently of general cognition in WS—that 
is, at a level predicted by chronological age.

Researchers have engaged in a number of other 
debates in the field. There is disagreement about 
whether the cognitive system in WS (and the language 
system in particular) should be explained in terms of 
the normal language system (advocated by researchers 
such as Harold Clahsen, Helen Tager-Flusberg, and Bar-
bara Landau), or whether such a theoretical framework 
does not provide sufficient scope to depict the subtle 
developmental anomalies revealed by some studies 
(advocated by researchers such as Annette Karmiloff-
Smith and Michael Thomas). In other words, there is 
still debate on how atypical the WS language system is.

In another debate, two competing hypotheses have 
been evaluated for the best explanation of language in 
WS. The semantics–phonology imbalance hypothesis 
argues that, while relatively strong, language func-
tions in a subtly atypical way: There might be greater 
emphasis on the sounds of words (phonology) and 
less emphasis on their precise meaning (semantics). 
The conservative hypothesis argues that language 
ability is in line with mental age, and any observed 
anomalies arise indirectly from other characteristics 
of the disorder, such as the spatial processing deficit 
that causes problems in, for example, learning certain 
spatial prepositions (in, on, and under) and the hyper-
sociable personality profile that may lead these indi-
viduals to use language strategically to capture and 
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maintain attention in social interactions. A review by 
Jon Brock in 2007 suggested that research was favor-
ing the conservative over the imbalance hypothesis, 
but this question has yet to be definitively resolved.

Clinically, as language acquisition is a relative 
strength in WS, maximizing language ability would 
enable it to serve as a scaffold for intervening on 
weaker skills and to develop compensatory strategies 
(such as utilizing verbal strategies to address difficul-
ties in, e.g., navigation skills).

Overall, WS is notable for the relative strength of 
language development compared to other skills, but 
because this strength is relative to mental age rather 
than chronological age, WS cannot provide support 
for the independence of language development from 
cognition. Moreover, language acquisition in WS has 
to be viewed in the context of other strengths and 
weaknesses in the cognitive profile and reveals many 
subtle anomalies when examined in detail.

Michael S. C. Thomas
Birkbeck College University of London

Jo van Herwegen
Kingston University
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Word	Learning	Constraints
Word learning constraints are default assumptions, 
biases, or good first guesses that babies and young chil-
dren use in figuring out the meaning of a novel word. 
Each occasion of word learning is an inductive pro-
cess in which a child begins to hone in on the meaning 
of a term. Even when someone points to an object and 
explicitly labels it (ostensive definition), the referent 
is underspecified. The label could, in principle, refer 
to the object itself, its parts, color, size, shape, texture, 
activity, and so on. Three word-learning constraints 
postulated to help children solve this inductive prob-
lem are (1) the whole-object assumption, which leads 
children to construe the novel word as a label for the 
object itself rather than myriad other possible mean-
ings; (2) the taxonomic assumption, which leads chil-
dren to extend the newly learned label to things of like 
kind; and (3) mutual exclusivity, which leads children 
to resist having second labels for object kinds. It also 
provides a means of indirect word learning such that, 
when children hear an adult use a novel label, they 
interpret it as referring to a novel object over one 
that already has a known name. Mutual exclusivity 
also enables children to override the whole-object 
assumption, thus freeing them up to learn terms for 
parts, texture, color, and so on. Mutual exclusivity is 
used, at least to some extent, even by bilingual chil-
dren, who experience many cross-language violations 
of mutual exclusivity, and by children with autism.

Motivation	for	Positing	Constraints
In figuring out the meaning of a novel word, several 
sources of information guide people’s reasoning. 
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Grammatical form class is useful: Knowing that a 
word is a noun will lead to different hypotheses than if 
it were a verb, for example. The full linguistic context 
in which a novel term appears is a powerful source 
of information. Pragmatic reasoning (analyzing what 
the speaker intends to communicate on a given occa-
sion) is fundamental. And, real-world knowledge is 
also brought to bear on the interpretation of a novel 
term. At the start of word learning, however, many of 
these sources of information are unavailable. Babies 
just breaking into the linguistic system won’t yet have 
acquired grammatical form class, for example. Even 
for children already making strides in language acqui-
sition, these other sources of information may still be 
fragmented and fragile. Word-learning constraints 
mitigate this challenge.

The	Whole-Object	Assumption
One basic context in which young children are taught 
novel labels is through ostensive definition, where an 
adult points to an object and labels it. W. V. O. Quine 
famously observed that this simplicity belies a pro-
found inductive problem. If someone who speaks 
an unfamiliar language points to a rabbit and utters, 
“Gavagai,” there are an infinite number of potential 
meanings. Gavagai could mean rabbit, but it could 
also mean, for example, furry, fast, or four-legged, and 
even let’s hunt or vegetables must be nearby.

The whole-object assumption provides a solution 
to this problem. Babies assume, unless there is evi-
dence to the contrary, that a novel label refers to the 
indicated object as a whole, not to its parts, texture, 
color, and so on. This assumption enables children 
to quickly and efficiently learn novel labels through 
ostensive definition.

Evidence for the whole-object assumption comes 
from a variety of sources. Young children treat a novel 
label as referring to the object as a whole rather than a 
noteworthy part, the material from which it is made, 
or other more salient, dynamic qualities of the object. 
Babies who have not yet mastered the noun–adjective 
distinction will treat even a novel adjective as refer-
ring to the whole object.

Some have doubted whether there is a whole-object 
assumption, suggesting instead that the prevalence of 
nouns in young children’s vocabulary is specific to 
languages that place nouns in prominent positions at 
the ends of sentences. In contrast, Korean, for exam-
ple, is verb final. Evidence from vocabulary check-
lists, such as the MacArthur–Bates Communicative 

Development Inventories (CDI), suggests that the 
ratio of nouns to verbs is smaller for children learning 
Korean than for English. But, the number of nouns 
or verbs a child knows does not reveal what meanings 
the child initially considered. Children learning all 
languages must ultimately learn many parts of speech. 
The whole-object assumption must therefore be open 
to revision, but it nevertheless is a good first guess that 
enables children to break into a linguistic system.

The	Taxonomic	Assumption
The whole-object assumption enables children to 
break into word learning by constraining their ini-
tial hypotheses. This assumption does not specify, 
however, how to generalize the newly learned term 
to other objects. The taxonomic assumption leads 
children to generalize a label for an object to other 
objects of like kind. The need for such an assump-
tion becomes clear when research on young children’s 
categorization of objects is taken into account. Jean 
Piaget, Lev Vygotsky, and Jerome Bruner demon-
strated that young children categorize objects using 
thematic relations rather than the shared taxonomic 
kind. In one version of these studies, children are 
presented with an array of objects, say, some clothes, 
vehicles, animals, and people. 

When asked to put the ones that are alike together, 
older children group them by taxonomic category—
clothing, vehicles, and so on. But, young children 
show a strikingly different pattern. They might put a 
boy, a jacket, and a bike together because the boy is 
going to put on his jacket and go ride his bike. There 
are a wide variety of such thematic relations possi-
ble—they encompass real-world knowledge about the 
contexts and events in which objects are found and 
used. But, object labels refer to things of like kind and 
rarely to such thematic relations. We use phrases and 
sentences to refer to ideas such as a boy and his bike, 
not single lexical items. If the word boy meant a boy 
and his bike, we couldn’t make routine claims such as 
the boy is asleep or there are two boys there. The taxo-
nomic assumption motivates young children, who 
find thematic relations salient in categorization tasks, 
to seek instead taxonomic relations when an object 
label is given.

Evidence supporting young children’s use of the 
taxonomic assumptions comes from studies using an 
oddity task to assess the basis of children’s categori-
zation. Children are first shown a target object, say a 
cow, told, “See this,” and asked to find another one. 
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They choose between one object that is thematically 
related to the target, for example, milk, and one that 
is similar in kind to the target, for example, a pig. The 
key experimental manipulation is that, in one con-
dition, children hear a novel word (often said to be 
in puppet language) for the target object. Thus, they 
might hear, “See this mido,” instead of, “See this,” and, 
“Find another mido,” rather than, “Find another one.” 
Hearing a novel label suppresses children’s tendency 
to select a thematic match and leads them to select 
the taxonomic match instead. If cow is the target, chil-
dren in the no-label condition tend to select milk, the 
typical thematic response, while children who hear 
the cow called a mido are more likely to select the 
pig instead. Hearing a novel label enables children as 
young as 18 months of age to shift from focusing on 
thematic to taxonomic relations.

Although the taxonomic assumption motivates 
children to seek taxonomic relations when extend-
ing a newly learned object label, the assumption itself 
does not identify specific taxonomic relations. Many 
taxonomic relations are difficult for young children to 
discern. Superordinate categories (e.g., recognizing a 
car and a helicopter are both vehicles) and atypical 
exemplars (considering, e.g., a whale as a mammal) 
can be challenging for young children to recognize 
on their own. So, the taxonomic assumption does not 
guarantee success at finding a taxonomic extension. It 
does, however, bias children away from making erro-
neous thematic extensions and toward at least seeking 
appropriate taxonomic extensions.

In terms of the origins and domain specificity of 
the taxonomic assumption, drawing inferences on the 
basis of kind similarity is not limited to cases where 
a label is given. Under the right circumstances, even 
prelinguistic infants and other species will generalize 
a property of an object to other similar objects. So, 
generalizing on the basis of similarity has its origin 
in nonlinguistic cases of learning. On the other hand, 
taxonomic relations are not an appropriate basis for 
analysis in all domains. Take, for example, cause-and-
effect relations. Causes and effects often come from 
very different taxonomic categories. Paper is cut with 
scissors, not another piece of paper. And, as already 
discussed, thematic relations span a host of nontaxo-
nomic relations beyond cause and effect.

Mutual	Exclusivity
The mutual exclusivity assumption states that chil-
dren hold a default expectation that each object 

should have only one label. This assumption enables 
children to avoid redundant hypotheses, facilitates 
indirect word learning, and helps override the whole 
object assumption. Yet, natural languages have many 
terms that overlap in their reference (synonyms, hier-
archically organized terms, etc.), and mutual exclusiv-
ity would make such terms harder to learn. So, it is 
reasonable to ask why word learning should rely on a 
flawed assumption.

One answer is that mutual exclusivity in word learn-
ing is one of several simplifying biases toward one-to-
one mappings found across very diverse domains and 
even across species. Blocking in classical conditioning 
is one such case. If, for example, a dog learns that a 
particular sound signals that food will soon appear in 
his bowl, it will be harder for the dog to subsequently 
learn that a light signals the imminent arrival of food. 
Discounting in social psychology is another example. 
Once people have a good explanation for someone’s 
behavior, they are less likely to consider other pos-
sible explanations. Giving children a dollar for every 
A they get on their report cards undermines their 
intrinsic interest in the courses; having the highly 
salient explanation that they are studying to receive 
a reward undermines other possible explanations, 
such as the importance of mastering the material or 
intrinsic interest in the courses. Illusory correlations 
and the confirmation bias are also in this vein: Once 
adults have developed a belief about the relationship 
between two phenomena (Every time I wash my car, 
it rains), they tend to discount conflicting evidence 
about other possible relationships. And, the history of 
science is replete with examples of researchers hold-
ing onto a theory while ignoring or explaining away 
negative evidence. The reason for this domain-gen-
eral propensity for one-to-one mapping is likely that, 
having learned one regularity in a complex domain, it 
is advantageous to strengthen or exaggerate that map-
ping to make progress in learning, even at the risk of 
oversimplification. Mutual exclusivity is likely the 
application of this domain-general propensity in the 
domain of word learning.

In tandem with the taxonomic and whole-object 
assumptions, mutual exclusivity limits the hypoth-
esis space children must analyze when determining 
the referent of a novel label because they do not have 
to keep in mind multiple possible candidate refer-
ents for a label. As children develop an initial base of 
word–object pairings, mutual exclusivity increasingly 
restricts which objects can be considered as potential 
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referents for new labels. In this way, mutual exclusiv-
ity might help children revise overextensions. If chil-
dren initially hypothesize that dog refers to dogs and 
cats, hearing the word cat repeatedly applied to a cat 
could cause children to revise their hypothesis so that 
each referent has only one label (i.e., using dog to refer 
only to dogs).

Mutual exclusivity also helps children override the 
whole-object assumption. Although the whole-object 
assumption provides a useful initial constraint on the 
possible meanings of a new word, children must ulti-
mately be able to learn words for parts, textures, and 
so on. Mutual exclusivity provides a way out of this 
bind: Once children have learned a label for a whole 
object, mutual exclusivity should lead them to reject 
a second label for that object. Children would then be 
free to consider different meanings for another term 
applied to that object. Once a first label is learned, 
mutual exclusivity should bias children against assign-
ing subsequent descriptors to the whole object and 
toward assigning them to subsidiary aspects of the 
object such as its substance or parts. This predicts that 
it should be easier to learn part terms for objects with 
known labels than for objects without known labels. 
Evidence confirms that mutual exclusivity facilitates 
the learning of part terms in children as young as 2.

An additional benefit of mutual exclusivity is that 
it makes indirect learning of words possible. Some 
word learning occurs through direct, explicit teach-
ing (“Look, this is a dog!”), but there are also myriad 
opportunities for word learning without ostension. 
If a parent says, “Eat your kiwi,” when a child has a 
familiar apple and an unfamiliar fruit on her plate, 
mutual exclusivity should lead the child to map the 
novel word kiwi to the unfamiliar fruit, even with-
out the parent explicitly teaching the label. Evidence 
shows that young children reliably map a novel label 
over a familiar object in such situations. Babies as 
young as 15 months old can use mutual exclusivity to 
infer the likely referent of a novel word. Such learning 
is highly robust: 2-year-olds who have just inferred 
a label for a (previously) novel object will now treat 
that label as familiar and map another novel label 
onto a distinct object. In this way, mutual exclusivity 
expands the range of possible word-learning situa-
tions for young children.

One alternative explanation proposed for these 
findings is that children apply novel labels to novel 
rather than familiar objects not because they are 
biased against having multiple labels for a single object 

but because they are biased against having no label for 
an object. That is, children are hypothesized to want 
to fill lexical gaps created by the presence of a novel 
object. One rebuttal to such an account would come 
from a scenario in which there is no novel object pres-
ent in need of a label. On this account, if there is no 
lexical gap to be filled, children should readily apply 
a novel label to a familiar object. However, evidence 
suggests that, to the contrary, 15-month-olds will 
search a room for a novel object to which a novel label 
might apply rather than map it to a familiar object.

A number of researchers have asked how bilin-
gual children treat mutual exclusivity. Bilingual chil-
dren frequently encounter objects that have multiple 
labels. The evidence on the impact of this experience 
on mutual exclusivity is somewhat mixed. Monolin-
gual and bilingual children alike have been found to 
expect mutual exclusivity to apply within but not 
across languages; that is, children allow a word in a 
second language to refer to an object that already has 
a label in their first language, but they avoid second 
labels within a language. However, mutual exclusiv-
ity may be less robust in children learning multiple 
languages.

One influential alternative to mutual exclusivity has 
grown out of Eve Clark’s principle of contrast, which 
states that all words contrast in meaning. According 
to this account, children’s performance on the disam-
biguation task is a result of their pragmatic reasoning 
that, if the speaker had meant to refer to the familiar 
object, he or she would have used its label; he or she 
didn’t use the label for the familiar object, so he or she 
must have meant the novel object.

It is very likely that children use this sort of prag-
matic reasoning as a word-learning strategy. The 
question is whether they also have a separate lexical 
constraint to complement their pragmatic skills. It 
should be advantageous to have multiple, converging 
systems in place to facilitate word learning. Redun-
dant systems provide a kind of fail-safe system and 
pragmatic inferences, and word-learning constraints 
could bolster each other.

Some of the evidence supporting mutual exclusiv-
ity as a distinct lexical constraint comes from the find-
ing that children will honor mutual exclusivity even 
when it conflicts with pragmatic cues. For example, 
very young children resist learning a second label for 
a familiar object, even when the object is explicitly 
labeled along with pragmatic cues, such as point-
ing and eye gaze, that typically accompany ostensive 
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labeling. Other evidence comes from work on teach-
ing children part terms. 

Even when felicitous, pragmatic gestures accompany 
the teaching of part terms, such as repeatedly encircling 
the relevant part (rather than pointing to the object), 
and young children benefit from mutual exclusivity, 
learning part terms better when they already have a 
label for the whole object. Another compelling example 
comes from work with children with autism spectrum 
disorder (ASD). Children with ASD typically show dra-
matic impairments in their pragmatic reasoning and 
yet reliably use mutual exclusivity with words. More-
over, unlike typically developing children, they more 
robustly apply mutual exclusivity to novel labels than 
to novel facts. This is inconsistent with a pragmatic 
account, which claims that the same strategies under-
gird mutual exclusivity-like effects across domains. 
Together, these findings indicate that mutual exclusiv-
ity operates as a distinct constraint on word learning.

Ellen M. Markman
Taylor F. Holubar

Stanford University
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Word	Learning	Strategies
On average, a typical school-age child learns the 
meanings of approximately 3,000 new words each 
year. Although some of these words are learned by lis-
tening to conversations and lectures or watching tele-
vision shows and movies, the majority are learned by 
reading books and other written materials when com-
pleting school-related assignments or simply reading 
for pleasure. 

During the early years of schooling, when chil-
dren are 6 and 7 years old, written materials used in 
the classroom are relatively easy to read and under-
stand because they focus on common, everyday top-
ics such as eating lunch, visiting friends, or caring for 
pets. For example, when children first encounter the 
words apple, boy, and cat, most will already know the 
meanings and will quickly learn to recognize them in 
print. As children advance through school, however, 
the difficulty level of classroom-written materials 
expands, and they encounter an increasing number of 
unfamiliar words when reading about technical top-
ics such as social studies, geography, science, or the 
environment. By the late-elementary school years, 
11- and 12-year-old children are expected to read 
and understand words that have abstract meanings 
such as bravery and courage, double meanings such as 
basin and absorption, and words that are morphologi-
cally complex such as sustainability and topography. 
Although classroom teachers often define difficult 
words for their students, the typical child encounters 
an enormous number of new words each year, mak-
ing it impractical to rely on others to teach them the 
meanings of all new words. Children’s motivation to 
understand what they read leads them to apply meta-
linguistic strategies for independently figuring out 
the meanings of those words. This entry discusses two 
major strategies they use to accomplish this, contex-
tual abstraction and morphological analysis. 

Contextual	Abstraction
Contextual abstraction occurs when a reader attends 
closely to linguistic information, or clues, surround-
ing an unfamiliar word in a passage of text. There are 
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many types of context clues. One common type is the 
synonym. This occurs when an unfamiliar term such 
as currency follows a familiar term such as money in 
the same sentence as in this example from a social 
studies book: “When traveling to Europe, you must 
change the kind of money or currency that you will 
use to buy things.” Another type of clue is the expla-
nation. In reading about the geography of France, 
for example, students may be confused by the term 
Paris Basin until they read an adjacent sentence that 
explains that “It is called a basin because many rivers 
flow into it from different directions.” Students can 
then use their knowledge of bathroom basins to infer 
that Paris is in the center of a bowl-shaped region. 

A third type of clue is the relative clause. In read-
ing about Japanese religions, for example, students 
can learn the meaning of the term Shinto by attending 
to the clause that follows it in the sentence “Shinto is 
a religion that involves the worship of ancestors and 
nature.” A fourth type of clue is the metaphor, which 
often occurs in the context of science lessons. Students 
in a biology class may read that “Mitochondria are the 
powerhouses of the cell, creating energy for it to run.” 
Success in using context clues to infer the meanings 
of unfamiliar words requires that students read and 
understand other parts of the text, analyze linguistic 
information, and draw inferences based on their own 
knowledge of the topic. 

The use of these and other types of context clues, as 
explained by M. Nippold, is a common practice begin-
ning in elementary school and continuing throughout 
the years of middle school, high school, college, and 
beyond. It is well established that students who read 
widely encounter a greater number of new words and 
therefore have more opportunities to practice infer-
ring meaning by attending to context clues. Teachers 
play an important role in assisting students to refine 
this word-learning strategy. For example, teachers can 
encourage their students to read frequently for school 
assignments and for pleasure, and they can ensure 
that students’ reading skills are adequate for their 
grade level and that they receive additional support 
for reading if necessary. Also, teachers can regularly 
point out instances of different types of context clues 
found in print and can provide students with many 
opportunities to hypothesize about the meanings of 
unfamiliar words using context clues. Encouraging 
students to consult dictionaries or glossaries to con-
firm or enhance their understanding of newly learned 
words is also helpful. 

Morphological	Analysis
Whereas contextual abstraction examines informa-
tion that is external to a word, morphological analysis 
examines the internal structure of a word to determine 
its meaning. All words comprise of at least one mor-
pheme, which is a small but meaningful unit of lan-
guage. Morphological analysis occurs when a learner 
examines the morphemes of a word to infer its mean-
ing. According to M. Nippold, J. Larsen, and L. Sun, 
two common types of morphologically complex words 
are derived nominals and derived adjectives. Sustain-
ability is a derived nominal. This word contains the 
lexical morpheme sustain, which means to continue, 
support, or maintain. It also contains the suffix –able, 
which means having the capacity to do something. It 
also contains the suffix –ity, which turns the adjective 
sustainable into the noun sustainability, which refers 
to a system that has the capacity to endure. Now con-
sider the derived adjective unadventurous. This word 
contains the lexical morpheme adventure, a noun that 
refers to an exciting experience. The suffix –ous turns 
it into an adjective that can be used to describe a per-
son in a positive way, but adding the prefix un– negates 
that quality and is not flattering. 

Knowing the meanings of lexical morphemes—or 
roots—is essential to performing a successful mor-
phological analysis of an unfamiliar word. Addition-
ally, the learner must know the meanings of suffixes 
and prefixes (affixes) and understand how those 
morphemes can change the part of speech of a word 
and, hence, the function it performs. In the case of 
sustainability, a verb was transformed into an adjec-
tive, which was transformed into a noun; with unad-
venturous, a noun was transformed into an adjective, 
which changed from positive to negative. Additional 
examples of morphologically complex words found 
in school books are the derived nominals dictatorship, 
prediction, and strenuousness, and the derived adjec-
tives algebraic, molecular, and penniless. 

Derived nominals and derived adjectives can be 
difficult to understand because they usually express 
abstract, intangible concepts, and most of these words 
occur infrequently in everyday conversations. At 
the same time, frequency of exposure is important 
because typical learners require repeated opportuni-
ties to observe the way these words are used in written 
materials. Learning the meanings of morphologically 
complex words is therefore a gradual process. 

Despite the challenging nature of morphologi-
cal analysis, it is a word-learning strategy that 6- and 
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7-year-old children begin to use during the early ele-
mentary school years when they encounter compound 
words consisting of two lexical morphemes, such as 
schoolyard, backbone, and fingernail, while reading in 
the classroom. During these early years, teachers often 
provide explicit instruction in morphological analy-
sis, explaining the steps of breaking a compound word 
into its smaller words, thinking about the meaning of 
each smaller word, putting the meanings together, 
and hypothesizing about the meaning of the larger 
word. At this time, teachers also may discuss com-
mon suffixes such as –y, –ful, and –er and explain how 
these derivational morphemes can transform nouns 
into adjectives as in luck to lucky and pain to painful 
or verbs into nouns as in teach to teacher and bake 
to baker. Teachers also may explain how other com-
mon morphemes such as the prefixes un– and re– can 
change the meanings of verbs by negating or repeat-
ing an action as in untie, unfold, repaint, and retell. 
Many children then go on to use this explicit knowl-
edge about the morphological structure of words to 
infer the meanings of unfamiliar words they encoun-
ter and no longer have to depend on the teacher to 
define all new words.

Nevertheless, there are wide individual differ-
ences in students’ abilities to use this strategy, and 
upon reaching the upper elementary grades, 11- and 
12-year-olds who are more successful with morpho-
logical analysis also demonstrate higher vocabulary 
and reading comprehension levels compared to their 
classmates who are less proficient with the strategy. 
Activities that can be used to evaluate students’ com-
petence with morphological analysis as a word-learn-
ing strategy include derivation and decomposition 
tasks, drawing the words from reading materials used 
in the classroom. With the derivation task, the child is 
told a root word such as ski and is asked to complete 
a sentence using the appropriate derived word skier, 
as for example, The boy wanted to become a famous 
___________. With the decomposition task, the child 
is told a derived word such as hunter and is asked to 
complete a sentence using the appropriate root word 
hunt, as in The man and his dog went into the woods 
to __________. When students struggle with tasks 
such as this, teachers can provide additional instruc-
tion in morphological analysis to assist them in using 
the strategy more effectively to learn new words and 
comprehend what they read. 

In naturalistic settings such as the classroom, 
students use a variety of strategies to determine the 

meanings of words depending on their own knowl-
edge of morphemes and the availability of context 
clues. For example, the word cosmopolitan would be 
confusing to a reader who did not know that cos-
mos refers to the world or universe and that politan 
is derived from polis, which refers to a city. Without 
that knowledge, the reader would look for context 
clues to understand the sentence Brussels, the capital 
of Belgium, is highly cosmopolitan. Helpful informa-
tion could come from a nearby sentence that discusses 
how other countries have influenced Brussels. Simi-
larly, the term megalopolis would be confusing if a 
reader did not know the meaning of megalo (great) 
or polis (city) and would fall back on the context to 
search for clues as in the sentence, The Los Angeles 
area has become a megalopolis of many smaller cities 
that have grown together. The ability to switch between 
strategies or to combine strategies, as needed, devel-
ops as students mature and gain exposure to these and 
related words in rich linguistic contexts. Occasionally, 
neither the context nor the word offers sufficient clues 
to meaning, leaving the reader to consult a dictionary. 
This could happen, for example, with the antiquated 
term burgess when it occurs in a sentence such as The 
governor addressed the burgess.

Conclusion
Contextual abstraction and morphological analysis are 
two major strategies that children use to discern the 
meanings of unfamiliar words they encounter when 
reading books and other written materials to learn 
about technical topics they are studying at school. 
Children who acquire these strategies early expand 
their vocabularies at a faster rate each year and are 
better able to comprehend what they read than their 
classmates who struggle to acquire the strategies. Text 
comprehension, in turn, promotes greater word learn-
ing because those who are good comprehenders tend 
to enjoy reading and will read more often for educa-
tion and entertainment, gaining exposure to a greater 
number of unfamiliar words. Because word knowledge 
is essential for academic success, it is critical that chil-
dren learn to use these strategies in the early grades.

Marilyn A. Nippold
University of Oregon
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Reading, Development of; Reading Comprehension; 
Vocabulary Growth.
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Word	Segmentation
Word segmentation refers to the challenge for listen-
ers in general and language learners in particular to 
isolate words from fluent speech. It is based on the 
premises that speakers seldom mark word boundaries 
with silent pauses and that the degree of coarticula-
tion between syllables straddling a word boundary is 
more or less the same as that between syllables inside 
of a word. While neither premise is entirely correct, 
word segmentation remains a stumbling block for 
both psycholinguistic theories of speech recognition 
and the efficiency of automatic speech recognition 
software.

How	Continuous	Is	Speech?
Although speech contains many brief pauses (well 
under 100 milliseconds), these are usually associated 
with the production of certain speech sounds, mainly 
stop consonants. Longer pauses occur as well, but they 
tend to be found at boundaries between sentences, 
clauses, and phrases rather than words. Such pauses 
are helpful because they align with word boundaries, 
but they only constitute a small proportion of them. 
However, because utterances addressed to infants 
and young children are generally shorter than those 

addressed to adults, the contribution of those pauses to 
word segmentation should not be underestimated (up 
to 25 percent of all word boundaries). Likewise, corpus 
research has shown that words in isolation (e.g., milk) 
constitute approximately 10 percent of the utterances 
that a mother addresses to her infant—some studies 
report figures as high as 40 percent. Thus, speech con-
tinuity is far less extreme than often assumed.

Yet, from the standpoint of an infant’s language sys-
tem, which contains at best a limited vocabulary and 
very little experience with speech sounds, segmenting 
utterances, however short they are, remains a daunt-
ing task. Yet, infants have shown the ability to segment 
trained words from passages as early as 7½ months 
of age—though the exact time of this milestone var-
ies across studies and languages. Mechanisms thought 
to facilitate word segmentation fall into two catego-
ries: lexically guided and nonlexically guided. Current 
research is concerned with the factors that modulate 
the relative contribution of the two types of mecha-
nisms, not with the question of which strategy is cor-
rect and which is incorrect.

Lexically	Guided	Segmentation
Lexically guided segmentation starts from the assump-
tion that the small vocabulary that an infant has built 
from isolated words can trigger an incremental learn-
ing process through lexical subtraction. For instance, 
assuming a vocabulary containing only one word 
(e.g., milk) and exposure to an utterance never heard 
before (e.g., coldmilk), the unknown word (e.g., cold) 
could be extracted by treating the leftover of the sub-
traction process as a new word (e.g., coldmilk minus 
milk leaves cold). The lexicon, which would then con-
tain two words (cold and milk), would serve as the 
basis for discovering other new words using the same 
subtraction principle, and so forth, in an incremental 
fashion. There is evidence that this process is in place 
by 6 months of age. 

For example, infants at that age can learn a new word, 
such as feet, more readily if this word is heard next to a 
known word, such as in Mommy’s feet (assuming that 
the word Mommy is known) than if it is heard next to 
an unknown word, such as Tommy’s feet (assuming that 
the word Tommy is unknown). Computer simulations 
run on corpora of infant-directed speech have shown 
surprisingly high segmentation performance when the 
initial lexicon is limited to the few isolated words in 
the corpora. Considered more broadly, lexically guided 
segmentation can also operate on utterances in which 
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all the words are known, as would often be the case for 
older children or adults. The key concepts here are mul-
tiple alignment and lexical competition. For instance, 
in the utterance activedepartment, words aligning with 
any portions of the utterance would be activated (act, if, 
active, dip, depart, art, department, mint, etc.) and com-
pete for the optimal segmentation solution, that is, one 
that is semantically plausible and does not leave any 
portions of the signal lexically unaccounted for. Thus, 
active department would be preferred over act if dip 
art mint. Importantly, lexically guided segmentation, 
whether it is implemented via segmentation by lexical 
subtraction or via lexical competition, requires no a 
priori knowledge of sound structure and no sensitivity 
to statistical regularities in the input.

Nonlexically	Guided	Segmentation
In contrast, nonlexically guided segmentation is based 
on the assumption that listeners are sensitive to and 
can tabulate regularities in the speech signal with little 
or no lexical knowledge. This assumption has been val-
idated in both the auditory and the visual modalities. 
In the speech domain, for instance, sequences of sylla-
bles that co-occur frequently are more likely to be per-
ceived as a unit (a potential new word) than syllables 
that co-occur less frequently. As co-occurring syllables 
are typically those within words, sensitivity to such 
distributional regularities provides an effective word-
segmentation mechanism, whereby syllables with high 
transitional probability are interpreted as being word 
internal and those with low transitional probability are 
interpreted as straddling a word boundary. Sensitivity 
to transitional probabilities between spoken syllables 
is observed from 8 months of age.

Regularities exploitable for word segmentation 
vary in terms of the size of the lexicon they need in 
order to be noticed. Regularities that require a large 
lexicon are therefore acquired later in infancy than 
those requiring a smaller lexicon. The earliest dis-
tributional cue known to facilitate word segmenta-
tion in infancy is prosody, which is the rhythmic and 
intonational contour of speech. Because prosody is 
perceptible even from inside the womb, exposure to 
the prosodic characteristics of the native language is 
possible before birth. Prosody has been shown to pro-
vide strong markers for boundaries between syntactic 
constituents. 

With respect to words, for languages in which a 
majority of words receive stress on the first syllable (e.g., 
English, Dutch, and Hungarian), treating each strong 

syllable as the beginning of a word should lead to a high 
segmentation outcome. In these languages, exploiting 
this dominant trochaic stress pattern has been referred 
to as the metrical segmentation strategy. In English, 
more than three-quarters of the words addressed to or 
overheard by infants fall in that category (e.g., gentle, 
never, easy, and all monosyllabic words). English-learn-
ing infants between 7 and 8 months of age have been 
shown to not only prefer listening to words and non-
words that conform to the dominant trochaic stress 
pattern in English but also rely on this bias to extract 
new words from connected speech. This metrical seg-
mentation strategy seems to be abandoned, or at least 
attenuated, a few months later, when alternative cues 
become available and can be used to extract words with 
the nondominant stress pattern (words starting with a 
weak syllable, e.g., guitar).

Prosodically driven segmentation makes the 
implicit assumption that any prosodic regularities 
could be exploited in the same fashion. For instance, 
for languages with predominant penultimate stress, 
treating every strong syllable as an indication that the 
next word starts two syllables later should be just as 
effective as the word-initial stress strategy described 
for English. However, the evidence shows that pro-
sodically driven segmentation for languages with a 
noninitial-stress bias appears later, if at all. This could 
indicate that some prosodic regularities are more diffi-
cult to learn and exploit than others. Alternatively, the 
auditory system could show an innate bias for stimuli 
with salience in their initial portion, the trochaic bias, 
which would incidentally align with the dominant pro-
sodic contour of stress-initial languages. If so, learners 
of stress-initial languages would benefit from a pro-
sodic head start for segmentation, whereas learners of 
noninitial-stress languages would have to accumulate 
evidence against that bias before prosodic segmenta-
tion becomes effective. Importantly, the possibility of a 
universal auditory bias for stress-initial segmentation 
would suggest that no vocabulary is needed for effec-
tive prosodic segmentation in stress-initial languages. 
In contrast, a small vocabulary would be necessary to 
bootstrap prosodic segmentation in noninitial-stress 
languages. Clear evidence for or against the innateness 
of the trochaic bias is still lacking.

Distributional regularities also exist at the segmen-
tal level. Here, it is the relative frequency with which 
segments tend to follow each other in the words of a 
language that guides the segmentation process. For 
instance, in English, the sequence /pr/ is more likely to 
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be found word initially than word finally, whereas the 
sequence /pt/ has the opposite distributional pattern. 
Sensitivity to and reliance on such phonotactic regu-
larities for word segmentation have been observed in 
infants as young as 9 months. The size of the lexicon 
needed for those regularities to be noticed is subject 
to debate, but computational models indicate that, 
under some conditions, utterance boundaries could 
be sufficient to trigger the extraction of relevant 
phonotactic regularities. The efficiency of phono-
tactically driven segmentation also depends on the 
consistency of the distributional regularities within 
the words of a language. Languages with strong pho-
notactic constraints provide more opportunities for 
regular sequences to be noticed and exploited than 
languages with more evenly distributed phoneme 
sequences.

Allophonic variations constitute another power-
ful source of information for nonlexically guided 
segmentation. Allophonic variations refer to the sys-
tematic articulatory variants of a given phoneme as a 
function of the position of this phoneme in a syllable 
or a word. Of particular interest are those allophonic 
variants that correlate with word boundaries or, at 
least, syllable boundaries. For instance, the English /r/ 
tends to be voiced in nitrate and unvoiced in night rate. 
Likewise, English vowels are often glottalized and stop 
consonants aspirated in word-initial position, mak-
ing gray tanker and great anchor often easily distin-
guishable. English-learning infants as young as 9 to 10 
months show sensitivity to such word-boundary allo-
phonic differences. The usefulness of allophonic varia-
tions for speech segmentation is difficult to quantify, 
however. First, allophonic variations differ markedly in 
their acoustic salience. Thus, to be informative, studies 
should ideally be conducted on an allophone-by-allo-
phone basis. Second, there are substantial individual 
variations in how systematically and fully speakers 
realize allophonic variations, making the allophonic 
distributional landscape of one infant potentially quite 
different from another’s. Third, while some allophonic 
variations are more or less language general (e.g., final 
lengthening), most are language specific (e.g., aspira-
tion of word-initial stop consonants).

Reweighing	Segmentation	Strategies		
in	the	First	Year	of	Life
Neither lexically guided segmentation alone nor any of 
the above distributional regularities in isolation is suf-
ficient for successfully segmenting the speech stream. 

In normal listening circumstances, however, both types 
of information usually converge. Pitting cues against 
each other has revealed how cues are prioritized at dif-
ferent ages. The earliest segmentation cues available 
to infants, besides isolated words, are prosody and the 
capacity to extract distributional regularities between 
syllables. While distributional regularities seem to be 
favored over prosody at 6 to 7 months, the asymme-
try is the opposite at 8 to 9 months, possibly because 
prosodic cues are derived from distributional regulari-
ties. Prosody also seems to outweigh phonotactic cues 
around that age, while distributional regularities are 
outweighed by allophonic cues or, at least, coarticula-
tory cues. These patterns of dominance are not abso-
lute, and they vary substantially from one language 
to another. Despite small inconsistencies between 
studies, the general picture is that a large battery of 
cues and strategies become available between 6 and 9 
months. As they allow infants to discover new words, 
these cues and strategies reinforce and fine-tune each 
other, such that cues that were predominant but coarse 
at the outset (e.g., prosody) are given a secondary role 
around 12 months.

Lexically guided and nonlexically guided segmen-
tation mechanisms are implicitly and explicitly rein-
forced by adults’ linguistic behavior when addressing 
infants. In particular, adults often increase the salience 
of prosodic features when introducing new words; 
they tend to repeat new words and place them in dif-
ferent sentential contexts; they often produce new 
words in utterance-final position; they usually accom-
pany speech with deictic information (e.g., pointing to 
a referent). The processes supporting word segmenta-
tion in the first year gradually prepare the ground for 
the vocabulary growth typically observed around the 
end of the second year.

Sven Mattys
University of York
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Word-to-World	Mapping
The establishment of word-to-world mapping is a 
critical step in early word learning. This highly induc-
tive process requires young children to identify the 
intended referent or meaning of a novel word, often 
among many possible candidates in the context. The 
young word learner must then establish a mapping 
between the word and meaning and determine the 
referential scope of the word. This necessitates dis-
tinguishing among different types of words and the 
different types of meanings that they encode. That is, 
children must learn to map nouns to objects, proper 
names to individuals, adjectives to properties, and 
verbs to events or relations. While this process is far 
from straightforward, young word learners have a 
large tool kit at their disposal to assist them during 
word learning. 

As they approach their first birthday, infants begin 
their word-learning journey with a broad expecta-
tion about the meanings of new words. That is, they 
assume that new words map to similarities among 
objects and do not differentiate between words of 
different types, such as nouns or adjectives. Research 
conducted by Sandra Waxman, Amy Booth, and their 
colleagues has demonstrated that 11-month-old 
infants will map a novel word, regardless of whether 

it is presented as a noun (e.g., This one is a fep) or an 
adjective (e.g., This one is fepish), to either members 
of the same category (e.g., animals) or to objects that 
all possess the same distinctive property (e.g., yellow 
things). This very general expectation about novel 
words narrows as infants increase their vocabulary 
size. Thus, a short two months later, around 13 to 14 
months of age, infants will restrict their mappings of 
novel nouns to category-based commonalities among 
objects (e.g., animals). Despite the gains made dur-
ing this developmental period, infants’ mappings of 
words from other form classes, such as adjectives and 
verbs, continue to be less specified.

Noun	Mappings
When one examines the content of young children’s 
vocabularies, it is clear that their early word-to-
world mappings focus primarily on nouns and object 
categories. Across languages as diverse as French, 
Hebrew, Dutch, Korean, and Mandarin, nouns form 
the majority of children’s early receptive and produc-
tive vocabularies. The early acquisition of nouns has 
been attributed to the fact that they typically refer to 
concrete, more image-able entities in the environ-
ment. Not surprisingly then, a great deal of empirical 
work has been devoted to understanding the nature 
of the information encoded in young children’s 
noun-category mappings. This research has clearly 
demonstrated that young word learners incorporate 
perceptual features of objects when mapping nouns 
to categories, using the presence of shared features 
as a means to extend novel words beyond the origi-
nally labeled individual. Shape similarity, in particu-
lar, seems critical to children’s extension of a newly 
learned noun. Even infants will privilege shape infor-
mation over other perceptual features, such as color 
and size, when extending novel words. The notion 
that shape is encoded in early object–word mean-
ings is not controversial. There is, however, significant 
disagreement regarding why shape is so relevant for 
noun-category mappings. Some researchers, includ-
ing Linda Smith and her colleagues, propose that chil-
dren attend to shape similarity as their noun-category 
mappings are organized around attention to salient 
perceptual features. Other researchers, including 
Paul Bloom and Gil Diesendruck, argue that children 
attend to shape information because it is a readily 
available cue to category membership.

Perceptual information is by no means the only 
type of information encoded in young children’s 
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noun-category mappings. That is, infants and pre-
schoolers also incorporate conceptually relevant 
information such as function, nonobvious proper-
ties, and causal properties into their mappings. More-
over, preschoolers’ conceptual knowledge guides their 
acquisition of the meaning of novel nouns. For exam-
ple, when told that an object is an artifact, preschool-
ers will focus on its function to establish their noun-
category mapping. In contrast, when told the object is 
an animal, preschoolers focus on shape.

Of course, not all nouns map to categories, and 
children must learn that some nouns label individu-
als (i.e., proper names). Indeed, proper names like 
Mommy and Daddy are among infants’ earliest words. 
Research by Geoff Hall and colleagues has dem-
onstrated that, as early as 20 months of age, infants 
distinguish between novel words modeled as proper 
names (e.g., This is named Daxy) versus novel words 
modeled as count nouns (e.g., This is a daxy), treating 
the proper names as naming individuals rather than 
object categories. Interestingly, young word learners 
recruit their conceptual understanding to the task 
of learning proper names: They will attach proper 
names to people, dolls, and stuffed animals. They will 
not, however, typically learn a proper name for arti-
facts like balls, cups, and hats. 

Adjective	Mappings
Around 18 to 20 months of age, infants begin to dem-
onstrate more precise expectations regarding their 
word-to-world mappings of adjectives, a task that can 
be quite challenging for the following reasons. First, 
adjectives name a wide variety of properties, ranging 
from those that are readily observable (e.g., perceptual 
properties like color) to those that are more abstract 
and less perceptually accessible (e.g., personality traits). 
Second, the adjectival meanings are inextricably linked 
to the nouns they describe. For example, the adjective 
sweet encodes different meanings when describing the 
noun baby versus the noun sauce. Third, adjectives can 
vary in referential scope. That is, one can use some 
adjectives to describe members within a category (e.g., 
fluffy dogs) as well as across categories (e.g., fluffy pil-
lows). However, other adjectives are limited to mem-
bers of some categories (e.g., a sleepy baby but not a 
sleepy desk). When you consider all the intricacies of 
adjectival meanings, it’s not surprising that adjectives 
are infrequent in infants’ early productive vocabularies.

When acquiring adjectives, children draw on 
a wide variety of cues to establish mappings. First, 

there is abundant evidence that preschoolers under-
stand that novel words modeled syntactically or mor-
phologically as adjectives link to object properties. 
In fact, the recognition of the distinct semantics of 
adjectives emerges during late infancy. To illustrate, 
when preschoolers hear a novel word embedded in 
an adjectival frame (e.g., This is very blicky), they will 
interpret the label as mapping onto object properties 
and extend that label to other objects that share simi-
lar properties. In comparison, when preschoolers 
hear a novel word embedded in a count noun frame 
(e.g., This is a blicky), they interpret the novel word 
as mapping to an object category. Second, preschool-
ers’ construal of a novel adjective varies according to 
the syntactic frame in which it was embedded. For 
example, when preschoolers hear that a particular 
dog is very daxy, they will extend the adjective daxy 
to other dogs of the same kind. In contrast, if they 
hear that the same dog feels very daxy, they are much 
less likely to extend the label to another dog. Finally, 
research has shown that basic-level categories play a 
significant role in young children’s adjective-prop-
erty mappings. That is, preschoolers are more likely 
to map a novel adjective to an object property when 
it is used to describe an object from a familiar basic-
level category (e.g., a chair). If the category is unfa-
miliar, preschoolers will often treat the adjective as a 
name for the object category. 

Verb	Mappings
The process of acquiring verbs lags behind when 
compared to that of other linguistic forms, such as 
nouns. In contrast to nouns, verbs are inherently rela-
tional in that they label dynamic events that describe 
the relations between different entities. This poses a 
particular challenge for young children as they must 
tease apart which aspects of the experience are being 
captured by the novel verb. To illustrate, when chil-
dren hear the phrase He is throwing the ball, they must 
determine whether throwing refers to the launching 
action carried out by the actor, the trajectory of the 
ball, or the landing action. Thus, when learning a 
verb, the novel label can refer to a number of compo-
nents of an event, including the manner of motion, 
the instrument involved, the direction of movement, 
the result achieved, or the perspective of the partici-
pant and thus makes it more difficult to determine the 
referent intended by the speaker.

Young children draw upon perceptual, social, and 
linguistic cues to infer verb meaning. However, the 
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degree to which they use each cue is dependent on 
children’s developmental levels. Specifically, early 
learning is characterized by a reliance on perceptual 
features, with a preference for more salient compo-
nents. However, around their third birthday, chil-
dren’s attention shifts toward linguistic and social 
cues as they begin to consider these features when 
mapping novel verbs.

Roberta Golinkoff, Kathy Hirsh-Pasek, and their 
colleagues have demonstrated that the perceptual 
salience of events is one of the first cues used during 
early learning. Before their second birthday, infants 
can learn a novel verb when an action is associated 
with an outcome but are unable to do so when the 
same action does not elicit an outcome. Furthermore, 
more perceptually salient components of actions are 
typically chosen as intended referents for novel verbs. 
For example, children are more likely to map novel 
verbs to the path as opposed to the manner of an 
action, given that paths typically encompass larger 
trajectories. Children’s reliance on perceptual features 
during early learning is further supported by their 
inability to learn novel verbs when an action is per-
formed by multiple agents. That is, children tend to 
shift their attention to the novel agents rather than 
focusing on the relations described by the verb. Simi-
larly, when making verb extensions, children’s early 
generalizations are narrow and tend to focus on super-
ficial features, such as the identity of the agent, the 
manner of the action, and the instrument with which 
an action is carried out. By 2½ years of age, however, 
children engage in broader extensions beyond these 
features but restrict their generalizations to events in 
which the result of an action differs from the original 
learning context.

Another means by which children clarify the 
meaning of verbs draws upon information conveyed 
through the syntactic structure of sentences. The 
research of Letitia Naigles, Cynthia Fisher, and their 
colleagues has demonstrated that, by 2½ years of age, 
children impose different meanings on novel verbs 
depending on the syntactic structure of sentences. 
Specifically, when presented with transitive sentences 
(i.e., events during which an action is performed on 
an object), children infer that the verb refers to a caus-
ative action more often than when verbs are presented 
in intransitive sentences (i.e., events during which an 
actor carries out an action). 

Beyond linguistic cues, the work of researchers 
like Michael Tomasello and Diane Poulin-Dubois 

has demonstrated that children can rely on socio-
pragmatic cues to infer the intent of an agent when 
determining the meaning of a verb. By 2 years of age, 
toddlers can infer that the intent of a speaker was to 
label an unseen action and then use this knowledge 
to resolve referential ambiguity when learning a novel 
verb. In addition, 2½-year-olds show a sophisticated 
ability to attend to subtle cues, such as eye gaze and 
hand gestures, to map verbs to actions.

As reviewed previously, young word learners 
establish word-to-world mappings for many types of 
words. As soon as first words are understood or pro-
duced, infants have a remarkable ability to exploit dif-
ferent types of information to begin mapping words 
to objects, properties, and events, setting the stage for 
the prodigious word learning that occurs during the 
preschool years.

Susan A. Graham
Ena Vukatana

University of Calgary
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Written	Discourse
Unlike spoken language, written language does not 
come naturally. Learning to write is a major achieve-
ment that unfolds over many years of schooling. 
This entry will begin by examining some of the very 
early precursors of literacy, with the aim of show-
ing what children know about writing before being 
taught. Following this section, the capacity theory of 
writing will be presented. 

This theory provides a valuable framework 
for understanding how the different components 
involved in the writing process impact proficiency in 
written discourse. Subsequently, aspects of the lan-
guage of literacy will discussed, with emphasis given 
to how children grow into a new register by using 
language in the written modality and in different 
text genres.

Precursors	of	Literacy
Research has revealed that children growing up in 
literate societies have considerable knowledge about 
writing before they receive explicit instruction. Very 
early on, children distinguish between the activities 
of writing and drawing. 

For example, a 3½-year-old boy drew a picture 
filled with circles and scribbles in different colors. 
When his mother asked him to sign the picture, the 
young boy took his mother’s pen and drew a straight 
line from left to right at the bottom of the page. When 
drawing, children make continuous circular move-
ments, while when writing, they follow a direction 
and lift the pencil at regular intervals to create blank 
spaces. Although the writing has no meaning for the 
3-year-old child, he or she knows that the writing 
activity is different from the drawing activity.

During this early stage of what is called undiffer-
entiated writing, children do not detach what they 
write or read from the context in which the signs are 
produced. When asked to read the word car written 
below a picture of a car, 3- to 4-year-old children will 
say car. When the same word car is written below a 
picture of a train, the child will read train. At this 
stage of development, the child is unable to use writ-
ing to retrieve information; the function of writing 
as a memory aid, so prevalent for adults, is absent for 
the child. 

At 5 years of age, children show sensitivity to 
the overall configuration of a word and will reject 
as words strings that contain, for example, four 

instances of the same letter such as mmmm or aaaa, 
but will accept strings containing both consonants 
and vowels. It is only later that children will establish 
a link between letters and sounds.

Mapping	Sounds	to	Letters
Because languages differ in the way sounds, or pho-
nemes, are written by letters, or graphemes, the 
mapping of sounds to letters is not the same for all 
children. Some languages have a transparent ortho-
graphic system, while others have an opaque relation 
between phonemes and graphemes. For example, in 
Spanish, a language with a transparent orthography, 
the sound /a/ is always written a and is always read 
as the same sound. In French, the sound /o/ can be 
written in a variety of ways, including o, au, aux, aut, 
aud, ot, and eau. However, these different written ver-
sions are always read /o/: Phonemes may show dif-
ferent graphemes, but in general, graphemes repre-
sent the same phonemes. In English, the sound /o/ 
can be written o (tomato), ou (though), ow (throw), 
or ew (sew), but these written versions can be read 
differently, as in ostrich, tough, owl, and new. Thus, 
languages differ in the way that phonemes map to 
graphemes and graphemes map to phonemes. Stud-
ies have shown that children learning to read in lan-
guages with transparent orthographies read earlier 
than children learning to read in opaque orthogra-
phies. The same holds for spelling: Children learn-
ing to spell in transparent orthographies perform 
accurately earlier than children learning to spell in 
opaque orthographies.

Learning to spell not only requires establishing 
phoneme to grapheme correspondences but also 
invites children to observe the role of morphology 
in their language. The words past (noun or adverb) 
and passed (past participle of pass) are pronounced 
the same but represent different forms of the same 
word class. The weight of the morphological analysis 
necessary for the child to attain spelling performance 
also differs among languages. For example, in English, 
the child’s knowledge of the morphological relation 
between words such as nature and natural or sign and 
signal can assist in writing the vowel in the first syl-
lable of the derived words, despite the differences in 
pronunciation. 

In French, much grammatical morphology, such 
as verb agreement, is silent. For example, in a very 
simple sentence, such as les garçons embrassent les filles 
(the boys kiss the girls), the plural is written –s for 
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the nouns and –ent for the verb. However, neither the 
–s nor the –ent are pronounced. It is only the child’s 
knowledge of morphological categories that can guar-
antee accurate spelling. Specific aspects of language 
awareness, especially phonological and morphologi-
cal awareness, are fine-tuned through the develop-
ment of writing, providing the child with a new win-
dow for observing language structure.

The	Capacity	Theory	of	Writing
While handwriting fluency and spelling can be con-
sidered low-level activities in the writing process, 
they can constitute major stumbling blocks to fluent 
text production. In the 1980s Linda Flower and John 
Hayes proposed a very influential model of the writ-
ing process. Their model involves three major com-
ponents: the task environment, the writer’s long-term 
memory, and the writing process. The task environ-
ment includes characteristics such as the topic to be 
covered, the audience to be addressed, the writer’s 
motivation, and the text already written. 

The writer’s long-term memory regroups the writ-
er’s knowledge of the topic, of the language, and of 
the genre to be produced. The writing process, which 
depends on the writer’s short-term memory, includes 
planning the messages to be written, transcribing, 
and revising. Deborah McCutchen, building upon 
this model, introduced the capacity theory of writing. 
Following the capacity theory of writing, any varia-
tion in the processing cost of a given component will 
impact the use of other components, with either low-
level components (handwriting or spelling) affecting 
high-level processes (planning content and creating a 
text) or vice versa. Lack of automaticity of transcrip-
tion skills (handwriting and spelling) can severely 
interfere with the writing process, constraining con-
tent generation and fluency.

Crucial to understanding the difference between 
producing written and spoken language is the time 
allotted to text planning. Producing language in writ-
ing alleviates some of the time pressure involved in 
online spoken language production and so allows 
more time for planning and conversion of informa-
tion into words. Novice scripters, however, do not 
always use this additional time to plan or revise when 
they write. Carl Bereiter and Marlene Scardamalia 
propose that young writers use a knowledge-telling 
strategy in which content is retrieved in memory and 
written down as it comes to mind. More expert writers 
use a knowledge-transforming strategy by elaborating 

the communicative problem to be solved and setting 
goals built upon this elaboration to guide the genera-
tion and the evaluation of content. Thus, the novice 
and expert writer use the extra time provided by writ-
ten language production differently.

This difference in writing strategy helps to under-
stand why some text genres are easier for children 
to write than others. Narrative texts, which depend 
largely on temporal and causal relations, are among the 
first text types to be mastered by children, both in the 
spoken and written modalities. Children can retrieve 
the isolated events in memory and write them down 
in the order that they occurred. The global structure 
of narrative texts is familiar to young children: They 
know that stories have a beginning, chronologically 
ordered events, and an ending. Thus, the cognitive cost 
of retrieving the narrative script in long-term memory 
is lower than for other text types. Argumentative or 
expository texts depend crucially on the elaboration of 
communicative goals and the planning of ideas. The 
global structure of an expository text is less familiar to 
children, and thus, the cognitive costs are higher than 
those associated with a narrative text. While a knowl-
edge-telling strategy is sufficient for writing a minimal 
narrative text, a knowledge-transforming strategy is 
required for writing an expository text.

Characteristics	of	Written	Discourse
Production of written texts requires that writers 
engage in planning at different levels: Individual mes-
sages must be elaborated and encoded into a linear 
form for transcription in a propositional format, and 
the resulting propositions must then be packaged 
together by the various syntactic means available for 
combining propositions. These inter-clausal packages 
of information also need to be structured into more 
global text components, such as the opening and clos-
ing segments of a piece of discourse—in the setting 
and coda of narrative texts and the introduction and 
conclusion of expository texts. The ability to plan and 
organize a text demands a complex interweaving of 
linguistic and cognitive abilities and is a capacity that 
develops gradually over the years of childhood into 
and even beyond adolescence.

Clearly, both speaking and writing call upon a 
number of shared resources but contrast in register 
and temporal processing constraints. Register refers to 
how language reflects the particular setting in which 
it is produced. Adults know how to fine-tune lan-
guage to fit the situation; they know, for example, the 
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situations in which medical practitioner or physician 
is more appropriate than doctor. Important aspects 
of register variation are revealed to children through 
the school-situated literacy activities in which they 
engage. Speaking and writing also contrast in terms 
of temporal processing, with writing typically provid-
ing more time to plan the use of linguistic resources 
than can be accessed in the course of rapid online 
speech production. In everyday conversation, most 
utterances encode only one new piece of information 
at a time, given the time pressure of online speech 
production and comprehension. In contrast to spo-
ken discourse, information is more tightly packaged 
in written discourse. Traces of register and temporal 
processing are observed at all levels of language use, 
from the level of the lexicon to the level of clausal and 
inter-clausal syntax.

Different measures have been proposed to study 
the lexicon. Words in written discourse are often 
long and morphologically complex, for example, 
unforgettable instead of never forget. They are also 
commonly less frequent than the words used in spo-
ken discourse due to the fact that writers have more 
time available to make a deeper search in their men-
tal lexicon. The same effect of temporal processing is 
reflected in lexical diversity—the number of differ-
ent words used in the text—which is also commonly 
higher in written discourse. 

It has been estimated that, from late elementary 
to high school, children acquire between 10 and 15 
new words a day, stimulated by exposure to writ-
ten language materials. Webs of synonymic relations 
emerge with words becoming more specific semanti-
cally and representing different degrees of formality: 
The caused-motion verb, put, for example, expands 
to insert, attach, displace, and arrange, and doctor is 
expanded to physician.

Lexical density, which refers to the proportion of 
content words out of the number of total words in a 
text, also contributes to the differences between writ-
ten and spoken discourse. Compare, for example the 
two following texts.

(1) There was a man who came up to me, and he 
asked me to follow him.
(2) A man approached me, asking me to follow 
him.

In the first text (closer to spoken language) the 
lexical density (measured by computing the number 

of lexical words divided by the total number of words 
and multiplied by 100) is 25. In the second text 
(closer to written language), the same amount of 
information is provided, but the lexical density is 44. 
Notice also that the Germanic expression came up to 
in (1) alternates with a Latinate word approached in 
(2), a distinction often observed between vocabulary 
used in everyday spoken discourse and academic dis-
course.

Clause length also creates a difference between 
written and spoken discourse. A clause is defined as 
a single unified predicate, or verb, with its associated 
arguments. Contrast, for example, John fell and he 
died, containing two very short clauses, with the single 
clause John took a fatal fall. Both texts encode the same 
content, but in the second example, the noun phrase, 
fatal fall, packages the meaning of the two verbs fell 
and died into a more compact nominal expression. 
The number of words per clause in children’s written 
texts increases gradually from late primary school to 
high school. 

The two texts, (1) and (2), also contrast in the syntax 
at the clausal and inter-clausal levels. The introduction 
of the man in (1) uses a presentational construction, 
there was. In contrast, (2) introduces the man directly 
as the subject of the clause. In (1), a coordinate struc-
ture, and he asked me, is used, while in (2), this infor-
mation is conveyed by a participial construction, ask-
ing me, thus creating syntactic dependence between 
the two clauses.

Syntactic complexity has long been used as a yard-
stick for measuring clause connectivity in children’s 
written discourse. The number of clauses per sen-
tence, or the terminal unit (t-unit), increases gradu-
ally from elementary to high school. The sentence in 
(3) is composed of four clauses: The first nonfinite 
clause is syntactically dependent on the matrix clause, 
which is further expanded by a relative clause and a 
temporal adverbial clause.

(3) Before taking the bus to work, my father 
watered the roses that my mother had planted 
when I was a baby.

This level of syntactic complexity is observed only 
in the written discourse of high school students. Over 
the course of schooling, new grammatical construc-
tions gradually come into use in children’s written 
texts, such as nominalizations (the destruction of the 
city), adverbial complements (because, while, and 
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when), relative clauses (the mountain that we visited), 
and discourse connectors (nevertheless and however).

Both the lexicon and syntax contribute to tighter 
packaging in written discourse. Becoming a profi-
cient writer involves gaining mastery over more com-
pact means of establishing the flow of information, 
resulting in texts that show more densely integrated 
packages of information. Once children are over the 
major hurdles of letter formation and spelling, it has 
been argued that writing may actually facilitate the 
use of less frequent and more complex grammatical 
constructions and thus provide a somewhat different 
picture of what children know about language and 
how to use it.

Form	and	Function:	From	Emergence		
to	Divergence	in	Usage
During the process of growing into academic lan-
guage, children encounter texts that contrast in genre: 
fiction, biographies, scientific texts, and history. Pri-
mary school children can distinguish narrative texts 
from other text types, such as descriptions or pro-
cedural texts. Learning to write different text types, 
however, expands well into high school because of the 
intricate link between text type and grammatical con-
structions. While exploring new text genres, children 
not only encounter new grammatical constructions, 
but they also acquire new functions for the grammat-
ical constructions that they already use. Learning to 
produce contrasting text types is invaluable for chil-
dren to capture the relationship between the form and 
function of a given construction.

The passive construction provides an excellent 
illustration of how a grammatical form emerges and 
develops to extend to new functions. The passive con-
struction emerges in children as young as 3 or 4 years 
of age, given the appropriate conversational scaf-
folding. During joint book-reading activities, adults 
often ask questions that trigger the use of a passive 
construction. Looking at a picture of a dog chasing 
a cat, an adult asks, What’s happening to the cat? In 
response to the question, the child will answer, He’s 
being chased by the dog, using a passive construction 
that promotes the patient of the activity to the subject 
position of the clause.

The passive construction has two principal func-
tions. The first is to tropicalize the patient of an 
event (such as in He’s being chased by the dog), and 
the second is to eliminate mention of the agent of the 
activity, such as in The problem can be solved through 

discussion. These two functions are intricately related 
to text type. The first use of the passive to tropical-
ize a patient is far more characteristic of narrative 
texts, while the use of the passive to downgrade the 
agent is far more characteristic of expository texts. 
Children can produce patient-topicalizing passives 
in their written narrative texts at the end of primary 
school. However, extending this construction to fulfill 
the function of eliminating mention of the agent is 
generally only observed in the nonnarrative texts of 
older adolescents.

Professor Ruth Berman introduced a very useful 
distinction between a native language user and a pro-
ficient language user. This distinction captures how 
children’s language is impacted by becoming literate 
language users. Native language users produce fully 
grammatical structures in everyday conversation, and 
this use characterizes children’s language before enter-
ing school. Exposure to and use of written language in 
knowledge-based school activities challenges the chil-
dren to expand vocabulary, syntactic repertoire, and 
more importantly, to use language that is appropriate 
in register.

Harriet Jisa
University of Lyon
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Wug	Test	and	the	Elicited	
Production	Paradigm
The Wug Test is named for a mythical creature called 
a wug. It was designed as part of an experiment inves-
tigating young children’s knowledge about English 
morphology. The method employed by the test is 
structured elicitation, using a picture-book format 
to lead children to produce plurals, verb tenses, and 
other inflected and derived forms of words that they 
have never heard before. 

This study was significant in two major ways. First, 
it demonstrated that children learning language are 
not simply imitating the adults around them: They 
have systematic and productive knowledge of the 
morphological patterns of their language that they 
can apply to unfamiliar words. Second, it intro-
duced structured elicitation, a new method that other 
researchers soon began to use. 

The test and its methods have been widely repli-
cated and used in many different research settings 
since it was created in 1958 by Jean Berko Gleason, 
who at the time was completing her doctoral work at 
Harvard University under the direction of the social 
psychologist Roger Brown. Brown was a pioneer in 
the modern study of language development. Child-
language studies before the 1950s relied primarily on 
the observation of what children said in naturalistic 
settings. 

This experiment came at the beginning of a new 
era of psycholinguistic research, made possible by the 
findings of modern linguistics and fueled by the cog-
nitive revolution of the mid-20th century. Research-
ers now wanted to know if children acquired language 
components similar to the ones described by linguists. 
Elicitation provided a way to investigate children’s 
language beyond what can be gleaned from ordinary 
conversation and offered a window into their mental 
representation of language.

An example from the Wug Test can be seen in Fig-
ure 1. The experimenter shows the child a picture of a 

little birdlike creature and says, “This is a wug.” Then, 
the experimenter shows the child a picture of two of 
these and says, “Now there is another one. There are 
two of them. There are two _____?” Even children 
of preschool age say, “wugs,” a word they have never 
heard anyone else say. Because they are not imitat-
ing it, they must be producing it based on some 
abstracted or generalized knowledge about plurals 
that they have developed. 

The test contains 27 cards with illustrations and 
accompanying questions that cover basic English mor-
phology. In order to elicit generalized knowledge rather 
than imitated forms, the test uses invented words like 
zib and tass that could be possible in English. It calls 
on children to produce the progressive of the invented 
verb (as in zibbing); the past, pronounced with /–d/, 
/–t/, or /–әd/ (as in spowed, ricked, or bodded); and 
the third-person singular verb and the noun plural 
and possessive, all of which use /–z/, /–s/, or /–әz/ in 
spoken language (wugs, biks, or gutches). The varied 
forms of the inflections depend on the last sound of 
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Figure	1 Elicitation of the plural in the Wug Test 

Source: The Wug and Wug Test ©Jean Berko Gleason 2006. 
All rights reserved.



the word being inflected, and there is a complex set 
of rules that adult speakers know (at some level) that 
enables them to make a plural or past tense of a word 
that they have never heard before. Several items also 
explore derivational morphology: “What would you 
call a man whose job is to zib?” “What would you call a 
very tiny wug?” In a final section, children were asked 
to explain why some common compound words are 
called what they are: “Why do you think a birthday is 
called a birthday?”

Children’s answers were remarkably consistent 
and regular. More than 90 percent produced the cor-
rect /–z/ plural of wug. By contrast, less than half 
produced correct plurals formed with /–әz/, such as 
on the novel word tass, which already has a plural-
sounding ending. With verbs, they exhibited a similar 
pattern, producing /–t/ or /–d/ past tenses but many 
fewer of the rarer and more restricted /–әd/ forms of 
the past. About 90 percent produced correct progres-
sives, the most common and regular verb form. When 
asked to derive words, unlike adults who say that a 
man who zibs is a zibber, they produced compounds 
like zibman. Their explanations of the compound 
words in their vocabularies were also consistent and 
tended to rely on what was salient to them: A birthday 
is called a birthday “because you get presents.” At this 
stage, they were concentrating on the inflectional sys-
tem and acquiring the most regular and productive 
forms; no child, for instance, used irregular patterns 
for the past tense of the invented word gling. They 
all said glinged, whereas adults are conflicted by this 
word and volunteer various irregular possibilities, 
such as glang. Children were less familiar with deri-
vational morphology: formation of the diminutive, 
agentive, and adjectives. Although they did not say 
that a tiny wug was a wuggie or wuglet, they showed 
that they could make appropriate compounds: a baby 
wug. Their creation and analyses of compound words 

helped contribute to the burgeoning field of lexical 
innovation.

The Wug Test provided the first experimental evi-
dence that young children have productive knowledge 
of the morphology of language that can be general-
ized to new words. It demonstrated that they have 
an internalized representation of language and that 
the rules they follow are similar to those of adults 
but simpler and more regular. It helped the research 
world understand that children do not so much imi-
tate language as create it.

Jean Berko Gleason
Boston University
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Glossary

Affixation: Word-formation process by which the 
addition of affixes results in changes of semantic 
or grammatical properties of a word.

Allophones: Pronunciation variants of phonemes 
that do not mark distinctions in meaning, such as 
producing aspiration (“puff of air”) on plosives 
(e.g., /p/) at the beginning but not in the middle of 
English words.

Amplitude rise time: Time it takes for a sound to 
reach peak-level amplitude; manipulated in dis-
crimination experiments in the range of tens of 
milliseconds to study rapid temporal processing.

Analogy: Type of cognitive process in which infor-
mation from one domain is transferred to, or identi-
fied in, another domain. In usage-based approaches 
to language development, analogy is a proposed 
mechanism for generalizing usage of a grammatical 
construction from one word to another. 

Aphasia: A condition in which an individual has 
lost the ability to use language or certain aspects 
of language. It is often caused by brain damage.

Artificial Language: A language-like system arti-
ficially created to control for effects of language 
proficiency in laboratory experiments. Artificial 
languages typically consist of non-words (e.g., 

blik, wug) organized into sentences in accordance 
with simplified sets of grammatical rules.

Babbling: Prelinguistic vocalizations of infants 
consisting of consonant-vowel (CV) combina-
tions; the first stage, reduplicative	 babbling, 
emerging at about 4 to 6 months of age, involves 
repetition of identical CV syllables (e.g., bababa), 
whereas the second stage, variegated	babbling, at 
about 8 to 9 months, contains a mixture of sylla-
bles. In infants exposed to Sign Language, manual	
babbling involving hand shapes is observed.

Basic-level category: Level in the hierarchy of cat-
egorical representations referring to cognitively 
basic categories that most closely reflect natural 
kinds such as “ball,” “mouse,” “tree.”

Bigram: Sequence of two consecutive elements in 
a larger sequence of such elements. In language 
research these elements are typically phonemes, 
graphemes (letters), syllables or words.

Broca’s Area: A brain region in the left inferior fron-
tal gyrus, named after French physician Paul Broca 
who identified its role in language processing.

Categorical perception: Perceptual partitioning 
of a continuous change in a physical parameter 
into discrete categories, such as changes in Voice 



690	 Glossary

Onset Time being perceived as voiced or voice-
less, thus distinguishing members of an opposing 
pair of plosive consonants (e.g., /b/ vs. /p/).

Childhood amnesia (also infantile amnesia): An 
inability to retrieve memories of personally expe-
rienced events from infancy into early childhood. 
Age of offset typically ranges from age 2 to 5 
years, or even later.

Classical conditioning: A type of learning whereby 
a neutral stimulus comes to elicit a (conditioned) 
response through associative pairing with another 
(unconditioned) stimulus, thus turning the neutral 
stimulus into a conditioned stimulus. 

Closed syllable: A type of syllable that ends in one 
or several consonants, for example, ham or harm.

Coarticulation: Modification of the pronuncia-
tion of speech sounds based on articulation of the 
preceding and following sounds.

Cochlea: An anatomical structure situated in the 
inner ear containing hair cells that convert sound 
waves into neural impulses.

Code switching: Alternating use of two (or more) 
languages within a conversation.

Cognates: Words of different languages that origi-
nate from a common ancestor, for example, Haus 
in German versus house in English.

Communication accommodation theory: Theory 
developed by Howard Giles and Nikolas Coup-
land, according to which people adjust speech, 
vocal and gestural patterns to match those of their 
interlocutors. Convergence of patterns minimizes, 
and divergence accentuates, social distance.

Compounding: A process of word formation, in 
which two free morphemes are added together, 
with one morpheme serving as the head and the 
other as a modifier, for example, man and weather 
combine to form weatherman.

Concordance rate: Proportion of twins sharing 
a trait; used to compare identical and fraternal 
twins to determine trait heritability.

Conditional probability: Probability of an event 
occurring given that another event has already 
occurred.

Connotation: Often emotional or culturally deter-
mined associations evoked by a word; distinct 
from the word’s literal meaning.

Consonant harmony: A form of assimilation 
between non-adjacent consonants wherein the 
consonants acquire shared articulatory features, 
such as place of articulation (e.g., take à [kek]), 
as frequently observed in child language.

Constructivism: Theoretical approach to language 
acquisition according to which linguistic knowl-
edge is assembled gradually (“constructed”) from 
patterns observed in language input.

Conversion (or zero derivation): A process of 
word formation wherein a word changes its part 
of speech without changing its form, for exam-
ple, the noun drink is derived from the verb 
drink. 

Cooing: Prelinguistic vocalizations produced at 
around 2 months of age involving tongue move-
ments at the back of the mouth; a pre-cursor to 
babbling.

Copula: Verb-like word that links subject and 
predicate as in “The tea is hot.”

Declarative memory: Long-term memory for facts 
that can be consciously recalled.

Deep orthography: Writing system in which there 
is no simple one-to-one relationship between pho-
nemes (speech sounds) and graphemes (letters), 
for example, English.

Deictic gestures: Hand and body gestures, such 
as pointing, that direct attention to aspects of 
the environment and can only be interpreted in 
context.

Deixis: Communicative devices, including words 
and gestures, that are interpreted based on the 
context of use, e.g., pronouns you and I, locatives 
here	and there,	adverbs	now	and	then.
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Denotation: The literal meaning of a word.

Derivation: A process of word formation in which 
the addition of affixes creates new word mean-
ings, for example, swim à swimmer.

Differential diagnosis: Diagnostic methodology 
that systematically tries to eliminate alternative 
conditions with overlapping symptoms.

Diffusion tensor imaging: A neuro-imaging tech-
nique based on magnetic resonance imaging that 
produces images of neural fibre tracts consisting 
of bundles of axons.

Ditransitive Construction: Double object con-
struction, in which the verb takes both an indi-
rect and direct object, as in George	gave	Kate	a	
present.

Dysgraphia: An impairment of writing ability 
associated with difficulties in orthographic coding 
but also sequencing of graphemes and associated 
motor movements.

Dyspraxia: An impairment of motor learning 
associated with difficulties in movement planning 
and motor coordination.

Echolalia: Involuntary repetition of another per-
son’s vocalizations.

Electroencephalography: Recording of electrical 
activity over the scalp using multiple electrodes.

Episodic memory: Long-term memory for per-
sonal experiences and events. 

Event-related potential (ERP): Electrophysiologi-
cal response to a specific stimulus (event), mea-
sured over the scalp and averaged over multiple 
presentations of this stimulus. 

Executive functions: Mental functions involved 
in cognitive control of behavior, including inhi-
bition of irrelevant information, task switching, 
and updating working memory.

Expressive vocabulary: Vocabulary that a child is 
able to produce spontaneously.

Feed-forward model: Type of neural network 
model where activation is propagated in one 
direction from input to output.

FOXP2: A gene located on chromosome 7 that 
encodes one of the forkhead box proteins. FOXP2 
is a transcription factor involved in the regulation 
of gene expression. Although it exists in a num-
ber of vertebrates, in humans it is associated with 
neural plasticity and has been implicated in cer-
tain speech and language disorders.

Fricatives: Consonants for which air is forced 
through a narrow channel created by the articu-
lators to achieve turbulences in the airflow, for 
example, /s/, /f/, /z/.

Functional magnetic resonance imaging (fMRI): 
A neuroimaging technique that measures the 
hemodynamic response (changes in blood oxygen 
levels) in various brain areas in response to the 
processing of specific stimuli.

Gender agreement: Coordinated inflectional 
changes in parts of speech related to a noun (e.g., 
adjectives, determiners, pronouns), which reflect 
the gender of the noun.

Genotype: Inherited genetic make-up of a biologi-
cal organism.

Genre: Category of speech, text, or of other form 
of expression (e.g., music, visual arts) estab-
lished by conventional groupings of functional 
and stylistic criteria, for example, narrative, lec-
ture, poetry, or debate.

Grammatical agreement: Coordinated inflec-
tional changes in related parts of speech reflect-
ing shared grammatical information (e.g. number, 
gender, tense).

Graphemes: Written symbols used to represent 
speech sounds.

Gricean Maxims: A set of four principles that 
govern cooperative communication, formulated 
by the philosopher H. Paul Grice. These prin-
ciples include the Maxim of Quality (be truth-
ful), the Maxim of Quantity (be as informative as 
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necessary), the Maxim of Relation (be relevant) 
and the Maxim of Manner (be clear).

Habituation: Form of learning in which the 
response to a stimulus decreases continuously as 
a result of repeated presentation.

Head: The member of a syntactic constituent that 
determines the syntactic properties of the whole, 
for example, for a “verb+object” combination, 
the verb is the head and the combination is a verb 
phrase.

Homographs: Words that share the same spelling 
but differ in meaning.

Homophones: Words that share the same pronun-
ciation but differ in meaning.

Hyperlexia: Precocious word decoding ability 
that exceeds age norms; it may be associated with 
poor comprehension of what is read.

Iambic: Metric stress pattern for bi-syllabic words 
with stress on the second syllable, as in guitar. 

Illocutionary Act: In Speech Act Theory, the 
speaker’s communicative intent in producing an 
utterance, as in promising, questioning, request-
ing, etc.

Implicit learning: Learning that proceeds uninten-
tionally and without conscious awareness.

Indeterminacy of translation: Conjecture formu-
lated by the philosopher W. V. O Quine, which 
refers to the inevitability of multiple equivalent 
translations across languages. In language acquisi-
tion research, it is known as the “Gavagai” prob-
lem, and refers to the infinite number of potential 
referents and meanings for a linguistic expression.

Inflection: Modification of a word through affixes 
that mark changes in grammatical functions, for 
example, swim à swims.

Information structure: A way of dividing up the 
content of an utterance to distinguish what is 
given information and what is new, what is the 
topic/theme and what is the comment/focus. 

Grammatical structures, such as the active and 
passive voice, allow speakers to organize infor-
mation-structural elements to meet discourse 
demands.

Instrumental/operant conditioning: A type of 
learning wherein behavior is associated with con-
tingencies of reward or punishment.

Interlingual homographs: Words of different lan-
guages that have identical spellings, but distinct 
meanings; “false friends,” as in angel	 meaning 
“hook” in Dutch.

Intersubjectivity: Awareness that the significance 
of a shared experience or the meaning of a linguis-
tic expression is mutually understood between 
interlocutors. 

Intonation: Prosodic modifications in speech 
used to distinguish speech acts (e.g., questions 
versus statements), grammatical constituents, 
and information structure (given versus new 
information).

Iterated learning: Methodology used to study cul-
tural transmission of information through a chain 
of learners in which the learning output of one 
learner serves as input for the next learner.

L1, L2: Commonly used abbreviations for first 
language, second language. 

Language acquisition device (LAD): According to 
American linguist Noam Chomsky, a hypotheti-
cal part of the brain that provides the biological 
capacity for children to acquire language, and 
purported to be innate in humans.

Language acquisition support system (LASS): In 
Jerome Bruner’s theory of language acquisition, 
caregivers’ interactive behaviors and routines 
that encourage (or suppress) a child’s language 
development.

Larynx: Organ comprising the vocal folds, 
located in the neck; used for sound production, 
with vibration causing phonation, and manipu-
lation affecting pitch, volume, and other param-
eters of sound.
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Latent semantic analysis (LSA): A mathematical 
model of word meaning that computes co-occur-
rences between words, and represents words as 
vectors in multi-dimensional space (after dimen-
sionality has been reduced); LSA shows good 
approximations to human judgments of word 
similarity.

Linguistic relativity: View that specific features of 
a language can shape perception, categorization, 
memory and other aspects of thought.

Locutionary act: In Speech Act Theory, the actual 
production of a communicative form (e.g., ges-
ture, spoken utterance, text). 

Logographic script: Writing system in which 
graphemes encode entire morphemes rather than 
individual speech sounds, for example, Kanji.

Low-pass filter: Filter that passes sound frequen-
cies below a certain cut-off value and attenuates 
frequencies above this value. 

Magnetoencephalography: Brain imaging tech-
nique based on the recording of magnetic fields 
generated by the brain’s electrical activity.

Mean length of utterance (MLU): A commonly 
used measure of syntactic development based on 
samples of spontaneous speech; refers to the aver-
age number of morphemes produced per utterance.

Mental model: Internal representation of an 
unfolding situation, conversation, text, or other 
aspect of the world, with its constituent parts and 
relationships; such interpretive representations 
influence memory and guide behavior.

Mental rotation: The ability to mentally rotate rep-
resentations of two- and three-dimensional objects; 
used as a measure of visual-spatial cognition.

Merge: A binary combinatorial operation that 
combines a head with its dependent, whereby the 
merged constituent takes on the syntactic proper-
ties of its head.

Meta-analysis: A statistical technique that pools 
data from various studies on a specific topic to 

identify possible moderators of effect sizes across 
studies. 

Microgenetic: Refers to dynamics of a devel-
opmental process as it unfolds in real time, as 
opposed to ontogenetic (over the course of human 
development) and phylogenetic (over the course 
of evolution of a species).

Mimetics: Words that use sound symbolism to 
evoke sensory experiences.

Morphological paradigm: A set of words sharing 
a stem but differing in inflections, marking gram-
matical features, such as tense, number, person, 
and gender; examples include the conjugation 
paradigms of verbs or the declension paradigms 
of nouns.

Mutual exclusivity: A word-learning heuristic 
whereby children assume that each object should 
have only one label.

Myelination: The production of myelin, the white 
fatty matter that forms an insulating layer around 
the axons of neurons and is essential for neuronal 
conductivity.

Nativism: Theoretical view that certain aspects 
of linguistic knowledge are innate and thus serve 
to constrain hypotheses about grammatical struc-
ture and word meaning.

Near-infrared spectroscopy (NIRS): Functional 
brain-imaging technique used with infants; uses 
near-infrared light to measure changes in concen-concen-
trations of chemicals associated with blood oxy-
genation and blood volume that reflect local brain 
activity. 

Negative evidence: Language input that indicates 
which of the child’s productions are incorrect; 
direct negative evidence (explicit correction of a 
child’s pronunciation, vocabulary, or grammar in 
response to an incorrect form) is considered to 
be rare in child-directed speech, whereas indirect 
forms (recasts, clarifications) are consider  common.

Neural network model: Class of biologically 
inspired computational models, which simulates 
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the propagation of activation through a network 
of units thereby allowing it to learn associations 
between inputs and outputs.

Neural plasticity: Processes in the central nervous 
system that take place over a lifetime and mod-
ify the functioning of, and connections between, 
neurons.

Nonverbal intelligence: Psychometric construct 
involving a set of cognitive abilities related to pat-
tern manipulation and nonverbal problem solving.

Nonword repetition task: Measure of verbal 
short-term memory capacity in which partici-
pants are asked to repeat non-words of varying 
length, such as pombrell	or differamus.

Oddball-detection paradigm: Method of record-
ing of event-related potentials (ERPs) and analyz-
ing a specific component of the electrophysiologi-
cal response (i.e., a mismatch negativity) to an 
occasional unique auditory stimulus, interspersed 
in a series of identical auditory stimuli. 

Palate: Roof of the mouth, separates the oral from 
the nasal cavity.

Parts of speech: Categories of words differing 
in their syntactic features and functions, such as 
nouns, verbs, adjectives, adverbs, prepositions.

Perlocutionary act: In Speech Act Theory refers to 
the social and communicative consequences of an 
utterance, and how it is interpreted—for exam-
ple, the question Can	you	open	the	window? may 
be treated as a request.

Pharynx: Part of the digestive and respiratory sys-
tem situated posterior to the nasal cavity and the 
mouth.

Phenotype: A biological organism’s observ-
able characteristics, such as its appearance and 
 behavior.

Phonesthemes: Categories of sound that provide 
cues to word meaning, for example, sl– used to 
indicate negative events, traits, and behaviors, as 
in sloppy,	slob,	slow, etc.

Phonics approach: An approach to literacy instruc-
tion that explicitly teaches children to link speech 
sounds with letters and letter combinations.

Phonological neighborhood: Sets of words that 
differ only with respect to a single phoneme addi-
tion, deletion or substitution, for example, the 
neighbors of speech	are	peach,	speed,	and speak. 

Phonological recoding (also decoding): The pro-
cess of converting graphemes into speech sounds, 
that is, sounding out written words.

Phonotactic constraints: Language-specific con-
straints on permissible sequences of phonemes; 
these vary as a function of the position of the 
sequence in the word (e.g., for English, initial but 
not final pr–	 is permissible versus final but not 
initial –pt	is permissible).

Pinyin: System of transcribing the sound patterns 
associated with Chinese characters into Latin 
script.

Pitch accent: Pitch contours that give prominence 
to a syllable and thereby distinguish words that 
have identical phoneme sequences, but distinct 
meanings.

Plosive: Consonant in which the articulators com-
pletely stop and then release the airflow, as in /p/, 
/t/, /g/.

Positron emission tomography (PET): Functional 
brain-imaging technique that uses an injection of 
a radioactive compound (an analogue of glucose) 
to map neural activity in the brain; it exploits the 
fact that areas of increased blood flow during 
task processing show higher radioactivity due to 
increased glucose metabolism.

Poverty of the stimulus argument: Claim made 
by Noam Chomsky that the grammars of human 
languages are too complex to be learned given the 
limited amount of language input that children 
receive; therefore, language acquisition must be 
supported by an innate knowledge of grammar.

Predicate: The portion of a sentence or clause that 
states something about the subject.
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Presupposition: Implicit assumptions or 
beliefs about the world that affect utterance 
 interpretation.

Priming effect: Speeding up of processing of a 
stimulus due to pre-activation induced by a pre-
ceding stimulus related in meaning or form.

Procedural memory: Long-term memory involved 
in skill acquisition and the coordination of 
sequences of actions; it appears to play an impor-
tant role in grammar acquisition, and the emer-
gent automaticity of grammatical operations.

Proto-declarative: Prelinguistic communicative 
act wherein the child uses a gesture or action, 
such as pointing, showing or giving, to attract an 
adult’s attention to something in the environment.

Proto-imperative: Prelinguistic communicative 
act wherein the child directs a gesture or action 
towards an adult to obtain sometime or otherwise 
fulfill a need.

Prototype: Representation of the best example of 
a category, for example, a robin is a more proto-
typical bird than an eagle.

Rapid automatized naming (RAN): A verbal flu-
ency test in which participants are asked to rap-
idly name a series of well-known objects.

Receptive vocabulary: Vocabulary that a child is 
able to comprehend.

Recognitory gestures: Play actions that reflect the 
functionality of objects, such as holding an empty 
cup to one’s lips to pretend to drink or using a 
spoon to pretend to eat; also called nominal ges-
tures, gestural labels, or gesture names. 

Recursion: Feature of grammar whereby syntactic 
operations (e.g., Merge) can be applied to their 
own output to create increasingly complex syn-
tactic structures.

Reduplication: A process of word formation in 
which two similar or identical elements are joined, 
for example, fancy-shmancy or wee-wee; redu-
plication characterizes the first stage of babbling 

involving repetitions of consonant–vowel sylla-
bles such as dadada.

Referential communication task: A perspective-
taking task in which two participants must com-
municate with each other about a complex object 
display while sitting on opposite sides of a bar-
rier, which occludes their respective perspectives 
from the other’s view; it is used to measure par-
ticipants’ ability to take their interlocutor’s point 
of view into account in their verbal descriptions.

Rescorla-Wagner model: Model that describes the 
likelihood of classical conditioning occurring as a 
function of the anticipated co-occurrence of the 
conditioned and unconditioned stimulus, based 
on the associative strength established through 
previous learning trials.

Scaffolding: Responsive caregiver behavior that 
supports a child’s activity by taking into consider-
ation the child’s developmental status.

Scalar implicature: A form of conversational 
implicature involving quantifiers (e.g., all, some, 
many); when a weak term is used (e.g., some) the 
listener assumes that the speaker had a reason for 
not using the stronger term (e.g., all), thus invit-
ing the implicature “some, but not all.”

Schemas: Abstract representations of catego-
ries (of objects, events, sentence structures, etc.), 
formed by generalizing information across learned 
exemplars. 

Self-organizing map (Kohonen-network): Type of 
neural network, named after its inventor Teuvo 
Kohonen, which uses unsupervised learning to 
map input vectors of varying dimensionality onto 
a two-dimensional, spatial representation for pur-
poses of classification.

Semantic bootstrapping: A proposed mechanism 
by which children use knowledge about the mean-
ing of a world to infer its syntactic properties, 
in effect, mapping semantic primitives, such as 
“Actor,” onto syntactic roles, such as “Subject.”

Semantic neighborhood: Sets of concepts that are 
linked either through shared semantic features, as 
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in cat and dog, or through associations based on 
co-occurrence, as in doctor and hospital.

Semantic network: Network of conceptual rep-
resentations wherein concepts are linked through 
various semantic relations, for example, is	 a, as 
in “A robin is a bird,” or has,	as in	“A bird has 
wings,” or through association “A bird flies, lays 
eggs, lives in a nest”;	because activation spreads 
through the network, activation of a concept can 
be achieved through activation of related concepts.	

Shallow orthography: Writing system in which 
there is a transparent, one-to-one mapping 
between phonemes and graphemes, for example, 
Finnish.

Simple recurrent network: Type of neural net-
work model in which activation feeds back onto 
a layer of context units which then provide part 
of the input, along with novel input, for the next 
iteration of learning.

Speech accommodation theory: Theory devel-
oped by Howard Giles and Nikolas Coupland, 
according to which people adjust features of their 
speech to their interlocutors during communica-
tion. Convergence of these patterns minimizes, 
and divergence accentuates, social distance.

Still-face paradigm: Experimental paradigm which 
exploits the distress exhibited by infants when 
an adult suddenly freezes movement of her face 
in dyadic interaction; used to establish to what 
extent young infants have social expectations that 
people will engage responsively and provide con-
tingent feedback during face-to-face interaction.

Syllable coda: Final part of a syllable consisting of 
one or several consonants.

Syllable nucleus: Central, peak part of a syllable, 
usually consisting of the vowel, but occasionally a 
syllabic consonant, as in the final syllable of but-
ton or butter.

Taxonomic assumption: A word-learning heu-
ristic whereby children assume that novel words 
label categories of things as opposed to individual 
exemplars.

Temporal processing: The ability to distinguish 
subtle changes in duration or temporal order of 
stimuli. 

Tense: Grammatical feature indicating when an 
action occurs in time, for example, in the past, 
present, or future.

Transitional probability: Probability associated 
with a change of state in a system, that is, the prob-
ability of transitioning from one state to another 
in single step; transitional probabilities of syllable 
sequences within words (e.g., by following ba, as 
in baby) are higher than syllable sequences that 
span word boundaries (e.g., ba following ty, as in 
pretty	baby). 

Trochaic: Metric stress pattern of bi-syllabic 
words with stress on the first syllable, as in cookie.

U-shaped learning: A learning trajectory often 
assumed to be indicative of a change in learn-
ing mechanism, in which error-free performance 
is followed by a temporary phase of error-prone 
performance, which, in turn, is followed by error-
free performance again.

Vocal play: Play-like vocalizations of infants com-
prising sound patterns that gradually transform 
to become the child’s speech sound repertoire.

Voice onset time: Amount of time that elapses 
between the release of air and the onset of vocal 
fold vibration in consonant production.

Vowel space: Graphical representation of the area 
encompassed by the vowels of a language; a two-
dimensional space with the first and second for-
mants plotted on the vertical and horizontal axis, 
respectively.

Wernicke’s area: A brain region named after Carl 
Wernicke; located in the temporal lobe of the 
dominant hemisphere, this region is implicated in 
language comprehension and semantic processing.

Whole-object assumption: A word-learning heu-
ristic whereby children assume that novel words 
label whole objects as opposed to their properties 
or parts.
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Whole-word approach: An approach to literacy 
instruction that teaches children to recognize 
entire words by sight based on their overall shape.

Zero derivation (or conversion): A process of 
word formation in which the word-form itself 
does not change, but it changes its part of speech, 
for example, the noun drink is derived from the 
verb to drink.

Zipf’s law: A principle of statistical regularity for-
mulated by the American philologist George Zipf, 

who showed that language data can be approxi-
mated by a power law probability distribution, 
with the frequency of a word inversely propor-
tional to its frequency rank. 

Zone of proximal development (ZPD): A 
concept, introduced by the psychologist Lev 
Vygotsky, that describes behaviors at the cusp of 
the child’s ability—specifically, behaviors a child 
can execute with the help of an adult, but not 
unassisted.
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http://www.autismspeaks.org
Boston University Conference on Language 
Development  

http://www.bu.edu/bucld
British Academy of Audiology  

http://www.baaudiology.org
British Deaf Association  

http://www.bda.org.uk
British Society of Audiology  

http://www.thebsa.org.uk
Canadian Association of Speech-Language
Pathologists and Audiologists  

http://www.caslpa.ca
Center for Advanced Research on Language 

Acquisition (University of Minnesota)  
http://www.carla.umn.edu 
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Center for Applied Linguistics  
http://www.cal.org

Child Language Data Exchange System  
http://childes.psy.cmu.edu

Cognitive Development Society  
http://www.srcd.org

Cognitive Science Society  
http://cognitivesciencesociety.org

Educational Audiology Association  
http://www.edaud.org 

European Federation of Audiology Societies  
http://www.efas.ws 

European Second Language Association  
http://eurosla.org/home.html 

International Association of Applied 
Linguistics  

http://www.aila.info 
International Association for Languages 
and Intercultural Communication  

http://ialic.net
International Association for the Study of 
Child Language  

http://www.iascl.org
International Clinical Phonetics and 
Linguistics Association  

http://www.icpla.org
International Cognitive Linguistics 
Association  

http://www.cognitivelinguistics.org
International Fluency Association  

http://www.theifa.org
International Language Institute  

http://www.transemantics.com
International Linguistic Association  

http://ilaword.org/site 
International Reading Association  

http://www.reading.org
International Society for Autism Research  

http://autism-insar.org
International Society for Gesture Studies  

http://www.gesturestudies.com
International Society for the Study of 
Narrative  

http://narrative.georgetown.edu
International Society of Audiology  

http://www.isa-audiology.org 
International Society on Infant Studies  

http://www.isisweb.org
Jean Piaget Society  

http://www.piaget.org

Language and Literacy Researchers 
of Canada  

http://www.csse-scee.ca/llrc/doku.php
The Linguist List  

http://linguistlist.org
Linguistic Society of America  

http://www.linguisticsociety.org
Linguistics Association of Great Britain  

http://www.lagb.org.uk
National Association for Bilingual Education  

http://www.nabe.org
National Association of the Deaf  

http://www.nad.org
National Capital Language Resource Center  

http://www.nclrc.org
National Foreign Language Resource Centers  

http://www.nflrc.org
National Head Start Association  

http://www.nhsa.org
National Heritage Language Center  

http://web.international.ucla.edu/nhlrc
National Institute on Deafness and Other 
Communication Disorders  

https://www.nidcd.nih.gov/Pages/default 
.aspx 

Noam Chomsky Website  
http://www.chomsky.info 

Office of Head Start  
http://www.acf.hhs.gov/programs/ohs

Reading Recovery Council of 
North America  

http://readingrecovery.org
Royal College of Speech and Language 
Therapists  

http://www.rcslt.org
Sign Language Linguistics Society  

http://www.slls.eu
Society for Research in Child Development  

http://www.srcd.org
Speech Pathology Australia  

http://www.speechpathologyaustralia.org.au 
The Stuttering Foundation  

http://www.stutteringhelp.org 
Symposium on Research in Child Language 

Disorders  
http://www.srcld.org

Talk Bank  
http://talkbank.org

United Kingdom Literacy Association  
http://www.ukla.org
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Washington University Speech and Hearing Lab
Neighborhood Database  

http://neighborhoodsearch.wustl.edu/Home.asp

World Federation of the Deaf  
http://wfdeaf.org
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Appendix

World Literacy Statistics
CIA World Factbook 2013

This appendix includes a definition of literacy and Census Bureau percentages for the total population, 
males, and females. There are no universal definitions and standards of literacy. Unless otherwise speci-
fied, all rates are based on the most common definition—the ability to read and write at a specified age. 
Detailing the standards that individual countries use to assess the ability to read and write is beyond the 
scope of the Factbook. Information on literacy, while not a perfect measure of educational results, is 
probably the most easily available and valid for international comparisons. Low levels of literacy, and 
education in general, can impede the economic development of a country in the current rapidly chang-
ing, technology-driven world.
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COUNTRY	 LITERACY	(%)	

Afghanistan Age 15 and over can read and write
 Total population: 28.1% 
 Male: 43.1%, female: 12.6% (2000 est.)
Albania Age 9 and over can read and write
 Total population: 96.8% 
 Male: 98%, female: 95.7% (2011 est.)
Algeria Age 15 and over can read and write
 Total population: 72.6% 
 Male: 81.3%, female: 63.9% (2006 est.)
American	Samoa Age 15 and over can read and write 
 Total population: 97% 
 Male: 98%, female: 97% (1980 est.)
Andorra Age 15 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100%
Angola Age 15 and over can read and write 
 Total population: 70.4% 
 Male: 82.6%, female: 58.6% (2011 est.)
Anguilla Age 12 and over can read and write 
 Total population: 95% 
 Male: 95%, female: 95% (1984 est.)
Antigua	and Age 15 and over has completed five or 
Barbuda more years of schooling 
 Total population: 99% 
 Male: 98.4%, female: 99.4% (2011 est.)
Argentina Age 10 and over can read and write 
 Total population: 97.9% 
 Male: 97.8%, female: 97.9% (2011 est.)
Armenia Age 15 and over can read and write 
 Total population: 99.6% 
 Male: 99.7%, female: 99.5% (2011 est.)
Aruba Age 15 and over can read and write 
 Total population: 96.8% 
 Male: 96.9%, female: 96.7% (2010 est.)
Australia Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Austria Age 15 and over can read and write 
 Total population: 98% 
 Male: NA, female: NA
Azerbaijan Age 15 and over can read and write 
 Total population: 99.8% 
 Male: 99.9%, female: 99.7% (2010 
 census)
Bahamas,	The Age 15 and over can read and write 
 Total population: 95.6% 
 Male: 94.7%, female: 96.5% (2003 est.)
Bahrain Age 15 and over can read and write 
 Total population: 94.6% 
 Male: 96.1%, female: 91.6% (2010 est.)
Bangladesh Age 15 and over can read and write 
 Total population: 57.7% 
 Male: 62%, female: 53.4% (2011 est.)

COUNTRY	 LITERACY	(%)	

Barbados Age 15 and over has ever attended school 
 Total population: 99.7% 
 Male: 99.7%, female: 99.7% (2002 est.)
Belarus Age 15 and over can read and write 
 Total population: 99.6% 
 Male: 99.8%, female: 99.5% (2009 est.)
Belgium Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Belize Age 15 and over can read and write 
 Total population: 76.9% 
 Male: 76.7%, female: 77.1%  
 (2000 census)
Benin Age 15 and over can read and write 
 Total population: 42.4% 
 Male: 55.2%, female: 30.3%  
 (2010 census)
Bermuda Age 15 and over can read and write 
 Total population: 98% 
 Male: 98%, female: 99% (2005 est.)
Bhutan Age 15 and over can read and write 
 Total population: 52.8% 
 Male: 65%, female: 38.7% (2005 est.)
Bolivia Age 15 and over can read and write 
 Total population: 91.2% 
 Male: 95.8%, female: 86.8% (2009 est.)
Bosnia Age 15 and over can read and write 
and	Herzegovina Total population: 98% 
 Male: 99.5%, female: 96.7% (2011 est.)
Botswana Age 15 and over can read and write 
 Total population: 85.1% 
 Male: 84.6%, female: 85.6% (2011 est.)
Brazil Age 15 and over can read and write 
 Total population: 90.4% 
 Male: 90.1%, female: 90.7% (2010 est.)
British	Virgin Age 15 and over can read and write 
Islands Total population: 97.8% 
 Male: NA, female: NA (1991 est.)
Brunei Age 15 and over can read and write 
 Total population: 95.4% 
 Male: 97%, female: 93.9% (2011 est.)
Bulgaria Age 15 and over can read and write 
 Total population: 98.4% 
 Male: 98.7%, female: 98% (2011 est.)
Burkina	Faso Age 15 and over can read and write 
 Total population: 28.7% 
 Male: 36.7%, female: 21.6% (2007 est.)
Burma Age 15 and over can read and write 
 Total population: 92.7% 
 Male: 95.1%, female: 90.4% (2011 est.)
Burundi Age 15 and over can read and write 
 Total population: 67.2% 
 Male: 72.9%, female: 61.8% (2010 est.)
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COUNTRY	 LITERACY	(%)	

Cambodia Age 15 and over can read and write 
 Total population: 73.9% 
 Male: 82.8%, female: 65.9% (2009 est.)
Cameroon Age 15 and over can read and write 
 Total population: 71.3% 
 Male: 78.3%, female: 64.8% (2010 est.)
Canada Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Cape	Verde Age 15 and over can read and write 
 Total population: 84.9% 
 Male: 89.7%, female: 80.3% (2011 est.)
Cayman	Islands Age 15 and over has ever attended school 
 Total population: 98.9% 
 Male: 98.7%, female: 99% (2007 est.)
Central	African Age 15 and over can read and write 
Republic Total population: 56.6% 
 Male: 69.6%, female: 44.2% (2011 est.)
Chad Age 15 and over can read and write 
 French or Arabic 
 Total population: 35.4% 
 Male: 45.6%, female: 25.4% (2011 est.)
Chile Age 15 and over can read and write 
 Total population: 98.6% 
 Male: 98.6%, female: 98.5% (2009 est.)
China Age 15 and over can read and write 
 Total population: 95.1% 
 Male: 97.5%, female: 92.7% (2010 est.)
Christmas	Island  NA
Cocos	(Keeling)	  NA
Islands
Colombia Age 15 and over can read and write 
 Total population: 93.6% 
 Male: 93.5%, female: 93.7% (2011 est.)
Comoros Age 15 and over can read and write 
 Total population: 75.5% 
 Male: 80.5%, female: 70.6% (2011 est.)
Congo,	Democratic Age 15 and over can read and write
Republic	of	the	 French, Lingala, Kingwana, or Tshiluba 
 Total population: 66.8% 
 Male: 76.9%, female: 57% (2010 est.)
Congo,	Republic Age 15 and over can read and write 
of	the Total population: 83.8% 
 Male: 89.6%, female: 78.4% (2003 est.)
Cook	Islands Age 15 and over can read and write 
 Total population: 95% 
 Male: NA, female: NA
Costa	Rica Age 15 and over can read and write 
 Total population: 96.3% 
 Male: 96%, female: 96.5% (2011 est.)
Côte	d’Ivoire Age 15 and over can read and write 
 Total population: 56.9% 
 Male: 65.6%, female: 47.6% (2011 est.)

COUNTRY	 LITERACY	(%)	

Croatia Age 15 and over can read and write 
 Total population: 98.9% 
 Male: 99.5%, female: 98.3% (2011 est.)
Cuba Age 15 and over can read and write 
 Total population: 99.8% 
 Male: 99.8%, female: 99.8% (2011 est.)
Cyprus Age 15 and over can read and write 
 Total population: 98.7% 
 Male: 99.3%, female: 98.1% (2011 est.)
Czech	Republic Definition: NA 
 Total population: 99% 
 Male: 99%, female: 99% (2011 est.)
Denmark Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Djibouti Age 15 and over can read and write 
 Total population: 67.9% 
 Male: 78%, female: 58.4% (2003 est.)
Dominica Age 15 and over has ever attended school 
 Total population: 94% 
 Male: 94%, female: 94% (2003 est.)
Dominican	Republic Age 15 and over can read and write 
 Total population: 90.1% 
 Male: 90%, female: 90.2% (2011 est.)
Ecuador Age 15 and over can read and write 
 Total population: 91.6% 
 Male: 93.1%, female: 90.2% (2011 est.)
Egypt Age 15 and over can read and write 
 Total population: 73.9% 
 Male: 81.7%, female: 65.8% (2012 est.)
El	Salvador Age 15 and over can read and write 
 Total population: 84.5% 
 Male: 87.1%, female: 82.3% (2010 est.)
Equatorial	Guinea Age 15 and over can read and write 
 Total population: 94.2% 
 Male: 97.1%, female: 91.1% (2011 est.)
Eritrea Age 15 and over can read and write 
 Total population: 68.9% 
 Male: 79.5%, female: 59% (2011 est.)
Estonia Age 15 and over can read and write 
 Total population: 99.8% 
 Male: 99.8%, female: 99.8% (2011 est.)
Ethiopia Age 15 and over can read and write 
 Total population: 39% 
 Male: 49.1%, female: 28.9% (2007 est.)
Falkland	Islands NA
(Islas	Malvinas)
Faroe	Islands NA; Note: likely 99%, the same as 
 Denmark proper
Fiji Age 15 and over can read and write 
 Total population: 93.7% 
 Male: 95.5%, female: 91.9% (2003 est.)
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Finland Age 15 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100% (2000 est.)
France Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
French	Polynesia Age 14 and over can read and write 
 Total population: 98% 
 Male: 98%, female: 98% (1977 est.)
Gabon Age 15 and over can read and write 
 Total population: 89% 
 Male: 92.3%, female: 85.6% (2011 est.)
Gambia,	The Age 15 and over can read and write 
 Total population: 51.1% 
 Male: 60.9%, female: 41.9% (2011 est.)
Gaza	Strip Age 15 and over can read and write 
 Total population: 95.3% 
 Male: 97.9%, female: 92.6% 
 Note: estimates are for the Palestinian  
 Territories (2011 est.)
Georgia Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.8%, female: 99.7% (2011 est.)
Germany Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Ghana Age 15 and over can read and write 
 Total population: 71.5% 
 Male: 78.3%, female: 65.3% (2010 est.)
Gibraltar NA 
 Total population: above 80% 
 Male: NA, female: NA
Greece Age 15 and over can read and write 
 Total population: 97.3% 
 Male: 98.4%, female: 96.3% (2011 est.)
Greenland Age 15 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100% (2001 est.)
Grenada Age 15 and over can read and write 
 Total population: 96% 
 Male: NA, female: NA (2003 est.)
Guam Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (1990 est.)
Guatemala Age 15 and over can read and write 
 Total population: 75.9%  
 Male: 81.2%, female: 71.1% (2011 est.)
Guernsey NA
Guinea Age 15 and over can read and write 
 Total population: 41% 
 Male: 52%, female: 30% (2010 est.)
Guinea-Bissau Age 15 and over can read and write 
 Total population: 55.3% 
 Male: 68.9%, female: 42.1% (2011 est.)

COUNTRY	 LITERACY	(%)	

Guyana Age 15 and over has ever attended school 
 Total population: 91.8% 
 Male: 92%, female: 91.6% (2002 census)
Haiti Age 15 and over can read and write 
 Total population: 48.7% 
 Male: 53.4%, female: 44.6% (2006 est.)
Holy	See Age 15 and over can read and write 
(Vatican	City) Total population: 100% 
 Male: 100%, female: 100%
Honduras Age 15 and over can read and write 
 Total population: 85.1% 
 Male: 85.3%, female: 84.9% (2011 est.)
Hong	Kong Age 15 and over has ever attended school 
 Total population: 93.5% 
 Male: 96.9%, female: 89.6% (2002)
Hungary Age 15 and over can read and write 
 Total population: 99% 
 Male: 99.2%, female: 98.9% (2011 est.)
Iceland Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
India Age 15 and over can read and write 
 Total population: 62.8% 
 Male: 75.2%, female: 50.8% (2006 est.)
Indonesia Age 15 and over can read and write 
 Total population: 92.8% 
 Male: 95.6%, female: 90.1% (2011 est.)
Iran Age 15 and over can read and write 
 Total population: 85% 
 Male: 89.3%, female: 80.7% (2008 est.)
Iraq Age 15 and over can read and write 
 Total population: 78.5% 
 Male: 86%, female: 71.2% (2011 est.)
Ireland Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Isle	of	Man NA
Israel Age 15 and over can read and write 
 Total population: 97.1% 
 Male: 98.5%, female: 95.9% (2004 est.)
Italy Age 15 and over can read and write 
 Total population: 99% 
 Male: 99.2%, female: 98.7% (2011 est.)
Jamaica Age 15 and over has ever attended school 
 Total population: 87% 
 Male: 82.1%, female: 91.8% (2011 est.)
Japan Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2002)
Jersey NA
Jordan Age 15 and over can read and write 
 Total population: 95.9% 
 Male: 97.7%, female: 93.9% (2011 est.)
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Kazakhstan Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.8%, female: 99.7% (2009 est.)
Kenya Age 15 and over can read and write 
 Total population: 87.4% 
 Male: 90.6%, female: 84.2% (2010 est.)
Kiribati  NA
Korea,	North Age 15 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100% (2008 est.)
Korea,	South Age 15 and over can read and write 
 Total population: 97.9% 
 Male: 99.2%, female: 96.6% (2002)
Kosovo Age 15 and over can read and write 
 Total population: 91.9% 
 Male: 96.6%, female: 87.5%  
 (2007 census)
Kuwait Age 15 and over can read and write 
 Total population: 93.9% 
 Male: 95%, female: 91.8% (2008 est.)
Kyrgyzstan Age 15 and over can read and write 
 Total population: 99.2% 
 Male: 99.5%, female: 99% (2009 est.)
Laos Age 15 and over can read and write 
 Total population: 72.7% 
 Male: 82.5%, female: 63.2% (2005 est.)
Latvia Age 15 and over can read and write 
 Total population: 99.8% 
 Male: 99.8%, female: 99.8% (2011 est.)
Lebanon Age 15 and over can read and write 
 Total population: 89.6% 
 Male: 93.4%, female: 86% (2007 est.)
Lesotho Age 15 and over can read and write 
 Total population: 89.6% 
 Male: 83.3%, female: 95.6% (2010 est.)
Liberia Age 15 and over can read and write 
 Total population: 60.8% 
 Male: 64.8%, female: 56.8% (2010 est.)
Libya Age 15 and over can read and write 
 Total population: 89.5% 
 Male: 95.8%, female: 83.3% (2011 est.)
Liechtenstein Age 10 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100%
Lithuania Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.7%, female: 99.7% (2011 est.)
Luxembourg Age 15 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100% (2000 est.)
Macau Age 15 and over can read and write 
 Total population: 95.6% 
 Male: 97.8%, female: 93.7% (2011 est.)

COUNTRY	 LITERACY	(%)	

Macedonia Age 15 and over can read and write 
 Total population: 97.4% 
 Male: 98.7%, female: 96% (2011 est.)
Madagascar Age 15 and over can read and write 
 Total population: 64.5% 
 Male: 67.4%, female: 61.6% (2009 est.)
Malawi Age 15 and over can read and write 
 Total population: 74.8% 
 Male: 81.1%, female: 68.5% (2010 est.)
Malaysia Age 15 and over can read and write 
 Total population: 93.1% 
 Male: 95.4%, female: 90.7% (2010 est.)
Maldives Age 15 and over can read and write 
 Total population: 98.4% 
 Male: 98.4%, female: 98.4% (2006 est.)
Mali Age 15 and over can read and write 
 Total population: 33.4% 
 Male: 43.1%, female: 24.6% (2011 est.)
Malta Age 15 and over can read and write 
 Total population: 92.4% 
 Male: 91.2%, female: 93.5% (2005 est.)
Marshall	Islands Age 15 and over can read and write 
 Total population: 93.7% 
 Male: 93.6%, female: 93.7% (1999)
Mauritania Age 15 and over can read and write 
 Total population: 58.6% 
 Male: 65.3%, female: 52% (2011 est.)
Mauritius Age 15 and over can read and write 
 Total population: 88.8% 
 Male: 91.1%, female: 86.7% (2011 est.)
Mexico Age 15 and over can read and write 
 Total population: 93.5% 
 Male: 94.8%, female: 92.3% (2011 est.)
Micronesia,  Age 15 and over can read and write 
Federated	States	of Total population: 89% 
 Male: 91%, female: 88% (1980 est.)
Moldova Age 15 and over can read and write 
 Total population: 99% 
 Male: 99.5%, female: 98.5% (2011 est.)
Monaco Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Mongolia Age 15 and over can read and write 
 Total population: 97.4% 
 Male: 96.8%, female: 97.9% (2011 est.)
Montenegro Age 15 and over can read and write 
 Total population: 98.5% 
 Male: 99.4%, female: 97.6% (2011 est.)
Montserrat Age 15 and over has ever attended school 
 Total population: 97% 
 Male: 97%, female: 97% (1970 est.)
Morocco Age 15 and over can read and write 
 Total population: 67.1% 
 Male: 76.1%, female: 57.6% (2011 est.)
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Mozambique Age 15 and over can read and write 
 Total population: 56.1% 
 Male: 70.8%, female: 42.8% (2010 est.)
Namibia Age 15 and over can read and write 
 Total population: 88.8% 
 Male: 89%, female: 88.5% (2010 est.)
Nauru  NA
Nepal Age 15 and over can read and write 
 Total population: 57.4% 
 Male: 71.1%, female: 46.7% (2011 est.)
Netherlands Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
New	Caledonia Age 15 and over can read and write 
 Total population: 96.2% 
 Male: 96.8%, female: 95.5%  
 (1996 census)
New	Zealand Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Nicaragua Age 15 and over can read and write 
 Total population: 78% 
 Male: 78.1%, female: 77.9% (2005 est.)
Niger Age 15 and over can read and write 
 Total population: 28.7% 
 Male: 42.9%, female: 15.1% (2005 est.)
Nigeria Age 15 and over can read and write 
 Total population: 61.3% 
 Male: 72.1%, female: 50.4% (2010 est.)
Niue Definition: NA 
 Total population: 95% 
 Male: NA, female: NA
Norfolk	Island  NA
Northern	Mariana Age 15 and over can read and write 
Islands Total population: 97% 
 Male: 97%, female: 96% (1980 est.)
Norway Age 15 and over can read and write 
 Total population: 100% 
 Male: 100%, female: 100%
Oman Age 15 and over can read and write 
 Total population: 86.9% 
 Male: 90.2%, female: 81.8% (2010 est.)
Pakistan Age 15 and over can read and write 
 Total population: 54.9% 
 Male: 68.6%, female: 40.3% (2009 est.)
Palau Age 15 and over can read and write 
 Total population: 92% 
 Male: 93%, female: 90% (1980 est.)
Panama Age 15 and over can read and write 
 Total population: 94.1% 
 Male: 94.7%, female: 93.5% (2010 est.)

COUNTRY	 LITERACY	(%)	

Papua	New	Guinea Age 15 and over can read and write 
 Total population: 62.4% 
 Male: 65.4%, female: 59.4% (2011 est.)
Paraguay Age 15 and over can read and write 
 Total population: 93.9% 
 Male: 94.8%, female: 92.9% (2010 est.)
Peru Age 15 and over can read and write 
 Total population: 89.6% 
 Male: 94.9%, female: 84.6% (2007 est.)
Philippines Age 15 and over can read and write 
 Total population: 95.4% 
 Male: 95%, female: 95.8% (2008 est.)
Pitcairn	Islands NA
Poland Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.9%, female: 99.6% (2011 est.)
Portugal Age 15 and over can read and write 
 Total population: 95.4% 
 Male: 97%, female: 94% (2011 est.)
Puerto	Rico Age 15 and over can read and write 
 Total population: 90.3% 
 Male: 89.7%, female: 90.9% (2011 est.)
Qatar Age 15 and over can read and write 
 Total population: 96.3% 
 Male: 96.5%, female: 95.4% (2010 est.)
Romania Age 15 and over can read and write 
 Total population: 97.7% 
 Male: 98.3%, female: 97.1% (2011 est.)
Russia Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.7%, female: 99.6% (2010 est.)
Rwanda Age 15 and over can read and write 
 Total population: 71.1% 
 Male: 74.8%, female: 67.5% (2010 est.)
Saint	Helena,	 Age 20 and over can read and write 
Ascension,	and Total population: 97% 
Tristan	da	Cunha	 Male: 97%, female: 98% (1987 est.)
Saint	Kitts	and Age 15 and over has ever attended school 
Nevis Total population: 97.8% 
 Male: NA, female: NA (2003 est.)
Saint	Lucia Age 15 and over has ever attended school 
 Total population: 90.1% 
 Male: 89.5%, female: 90.6% (2001 est.)
Saint	Pierre	and Age 15 and over can read and write 
Miquelon Total population: 99% 
 Male: 99%, female: 99% (1982 est.)
Saint	Vincent	and Age 15 and over has ever attended school 
the	Grenadines Total population: 96% 
 Male: 96%, female: 96% (1970 est.)
Samoa Age 15 and over can read and write 
 Total population: 98.8% 
 Male: 99%, female: 98.6% (2003 est.)
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San	Marino Age 10 and over can read and write 
 Total population: 96% 
 Male: 97%, female: 95%
Sao	Tome	and Age 15 and over can read and write 
Principe Total population: 69.5% 
 Male: 80.3%, female: 60.1% (2008 est.)
Saudi	Arabia Age 15 and over can read and write 
 Total population: 87.2% 
 Male: 90.8%, female: 82.2% (2011 est.)
Senegal Age 15 and over can read and write 
 Total population: 49.7% 
 Male: 61.8%, female: 38.7% (2009 est.)
Serbia Age 15 and over can read and write 
 Total population: 98% 
 Male: 99.2%, female: 96.9% (2011 est.)
Seychelles Age 15 and over can read and write 
 Total population: 91.8% 
 Male: 91.4%, female: 92.3% (2011 est.)
Sierra	Leone Age 15 and over can read and write
 English, Mende, Temne, or Arabic 
 Total population: 43.3% 
 Male: 54.7%, female: 32.6% (2011 est.)
Singapore Age 15 and over can read and write 
 Total population: 95.9% 
 Male: 98%, female: 93.8% (2010 est.)
Slovakia Age 15 and over can read and write 
 Total population: 99.6% 
 Male: 99.7%, female: 99.6% (2004)
Slovenia NA 
 Total population: 99.7% 
 Male: 99.7%, female: 99.7% (2011 est.)
Solomon	Islands Age 15 and over can read and write 
 Total population: 84.1% 
 Male: 88.9%, female: 79.2%
Somalia Age 15 and over can read and write 
 Total population: 37.8% 
 Male: 49.7%, female: 25.8% (2001 est.)
South	Africa Age 15 and over can read and write 
 Total population: 93% 
 Male: 93.9%, female: 92.2% (2011 est.)
South	Sudan Age 15 and over can read and write 
 Total population: 27% 
 Male: 40%, female: 16% (2009)
Spain Age 15 and over can read and write 
 Total population: 97.7% 
 Male: 98.5%, female: 97% (2010 est.)
Sri	Lanka Age 15 and over can read and write 
 Total population: 91.2% 
 Male: 92.6%, female: 90% (2010 census)
Sudan Age 15 and over can read and write 
 Total population: 71.9% 
 Male: 80.7%, female: 63.2% 
 Note: pre-secession of South Sudan  
 (2011 est.)

COUNTRY	 LITERACY	(%)	

Suriname Age 15 and over can read and write 
 Total population: 94.7% 
 Male: 95.4%, female: 94% (2010 est.)
Svalbard NA
Swaziland Age 15 and over can read and write 
 Total population: 87.8% 
 Male: 88.4%, female: 87.3% (2011 est.)
Sweden Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Switzerland Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Syria Age 15 and over can read and write 
 Total population: 84.1% 
 Male: 90.3%, female: 77.7% (2011 est.)
Taiwan Age 15 and over can read and write 
 Total population: 96.1% 
 Male: NA, female: NA (2003)
Tajikistan Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.8%, female: 99.6% (2011 est.)
Tanzania Age 15 and over can read and write 
 Kiswahili (Swahili), English, or Arabic 
 Total population: 67.8% 
 Male: 75.5%, female: 60.8% (2010 est.)
Thailand Age 15 and over can read and write 
 Total population: 93.5% 
 Male: 95.6%, female: 91.5% (2005 est.)
Timor-Leste Age 15 and over can read and write 
 Total population: 58.3% 
 Male: 63.6%, female: 53% (2010 est.)
Togo Age 15 and over can read and write 
 Total population: 60.4% 
 Male: 74.1%, female: 48% (2011 est.)
Tokelau NA
Tonga Can read and write Tongan 
 and/or English 
 Total population: 99% 
 Male: 99%, female: 99.1% (2006 est.)
Trinidad	and Age 15 and over can read and write 
Tobago Total population: 98.8% 
 Male: 99.2%, female: 98.5% (2011 est.)
Tunisia Age 15 and over can read and write 
 Total population: 79.1% 
 Male: 87.4%, female: 71.1% (2010 est.)
Turkey Age 15 and over can read and write 
 Total population: 94.1% 
 Male: 97.9%, female: 90.3% (2011 est.)
Turkmenistan Age 15 and over can read and write 
 Total population: 99.6% 
 Male: 99.7%, female: 99.5% (2011 est.)
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COUNTRY	 LITERACY	(%)	

Turks	and	Caicos Age 15 and over has ever attended school 
Islands Total population: 98% 
 Male: 99%, female: 98% (1970 est.)
Tuvalu NA
Uganda Age 15 and over can read and write 
 Total population: 73.2% 
 Male: 82.6%, female: 64.6% (2010 est.)
Ukraine Age 15 and over can read and write 
 Total population: 99.7% 
 Male: 99.8%, female: 99.7% (2011 est.)
United	Arab Age 15 and over can read and write 
Emirates Total population: 90% 
 Male: 89.5%, female: 91.5% (2005 est.)
United	Kingdom Age 15 and over has completed five or 
 more years of schooling 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
United	States Age 15 and over can read and write 
 Total population: 99% 
 Male: 99%, female: 99% (2003 est.)
Uruguay Age 15 and over can read and write 
 Total population: 98.1% 
 Male: 97.6%, female: 98.5% (2010 est.)
Uzbekistan Age 15 and over can read and write 
 Total population: 99.4% 
 Male: 99.6%, female: 99.2% (2011 est.)
Vanuatu Age 15 and over can read and write 
 Total population: 83.2% 
 Male: NA 84.9%, female: NA 81.6%  
 (2011 est.)
Venezuela Age 15 and over can read and write 
 Total population: 95.5% 
 Male: 95.7%, female: 95.4% (2009 est.)

COUNTRY	 LITERACY	(%)	

Vietnam Age 15 and over can read and write 
 Total population: 93.4% 
 Male: 95.4%, female: 91.4% (2011 est.)
Virgin	Islands Age 15 and over can read and write 
 Total population: 90-95% est. 
 Male: NA, female: NA (2005 est.)
Wallis	and	Futuna Age 15 and over can read and write 
 Total population: 50% 
 Male: 50%, female: 50% (1969 est.)
West	Bank Age 15 and over can read and write 
 Total population: 95.3% 
 Male: 97.9%, female: 92.6% 
 Notes: estimates are for the Palestinian  
 Territories (2011 est.)
Western	Sahara NA
Yemen Age 15 and over can read and write 
 Total population: 65.3% 
 Male: 82.1%, female: 48.5% (2011 est.)
Zambia Age 15 and over can read and write 
 English 
 Total population: 61.4% 
 Male: 71.9%, female: 51.8% (2007 est.)
Zimbabwe Age 15 and over can read and write 
 English 
 Total population: 83.6% 
 Male: 87.8%, female: 80.1% (2011 est.)
World Age 15 and over can read and write 
 Total population: 84.1% 
 Male: 88.6%, female: 79.7% 

Note: almost three-quarters of the world’s 775 million illiterate 
adults are found in only 10 countries (in descending order: India, 
China, Pakistan, Bangladesh, Nigeria, Ethiopia, Egypt, Brazil, 
Indonesia, and the Democratic Republic of the Congo); of all the 
illiterate adults in the world, two-thirds are women; extremely 
low literacy rates are concentrated in South and West Asia and 
Sub-Saharan Africa (2010 est.).
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