
Donna]. Thai is affiliated 
with San Diego State 
University and the 
University of California, San 
Diego, California. 

Barbara Clancy is affiliated 
with Cornell University, 
Ithaca, New York. 

__ Brain Development and Language Learning: Implications 
for Nonbiologically Based Language-Learning Disorders 

Developpement du cerveau et apprentissage de la langue : 
Incidences sur les troubles d' apprentissage d' origine non 
biologique 

Donna J. Thal 
Barbara Clancy 

Abstract 
The objective of this manuscript is to describe our current understanding of relations between brain 
and behaviour in the very early stages oflanguage development. We begin by describing the pertinent 
language and language-relevant behaviours, focusing on important developments in the first year 
oflife, major language milestones that occur between one and three years of age, and individual 
differences that must be accounted for in explanations oflanguage learning. This is followed by a 
short tutorial on basic neuroscience terminology and brain structure. W ethen discuss prenatal and 
postnatal events that are important for language development. Finally we discuss the interactions 
between neural events and learning, and the implications of these interactions for early language 
development. A strongly bi-directional model in which the process of development is seen as an 
interaction of biological maturation with experience from almost the moment of conception is 
proposed. The importance of experience to brain development and learning from the earliest points 
in life has powerful implications for the conceptualization of early language development and how 
to respond to early language delay. 

Abrege 
Ce document a pour objectif de decrire l't~tat des connaissances sur le lien entre le cerveau et le 
comportement dans les tout premiers stades du developpement linguistique. Nous decrivons 
d' abord les comportements linguistiques pertinents en mettant l' accent sur les jalons importants 
au cours de la premiere annee de vie, puis entre l'age de un a trois ans, et enfin sur les differences 
individuelles dont il faut tenir compte pour expliq uer l' apprentissage Iinguistique. N ous enchainons 
avec un bref rappel de la terminologie neuroscientifique et de la structure du cerveau. Nous discutons 
ensuite des evenements prenataux et postnataux importants pour le developpement Iinguistique. 
Enfin, nous abordons les interactions entre les evenements neuronauxet l' apprentissage, ainsi que 
l'incidence de ces interactions sur le developpement linguistique lors de la petite enfance. Nous 
proposons ici un modele fortement bidirectionnel dans lequelle processus de developpement est 
con4Tu comme une interaction entre la maturation biologique et l' experience, pratiquement des la 
conception. L'importancedel' experience pour le developpementcerebraletl' apprentissagelinguistique 
des le debut de la vie a de grandes ramifications pour la conceptualisation du developpement 
Iinguistique et pour la fa4Ton de reagir aux retards de I'apprentissage Iinguistique lors de la petite 
enfance. 
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T his special issue addresses prevention of 
nonbiologically based language-learning difficul 
ties. Within that context, the goal of this manu

script is to describe our current understanding of rela
tions between brain and behaviour in the very early 
stages of language development. In the important vol
ume Principles of Neuroscience (Kandel, Schwartz, & 
Jessell, 2000), Kandel notes that a number of sweeping 
advances have occurred in biology over the past two 
decades. These include the ability to sequence genes and 
infer amino acid sequences from the proteins that they 
encode, and the development of a conceptual framework 
of the functions of cells that applies to all areas of cell 
biology. He argues that unification of the study of 
behaviour and neural science is the final necessary step 
for achieving a coherent scientific approach to under
standing behaviour. This paper represents a step in that 
direction within the domain of language development. 
Our immediate challenge is to try to understand how 
brain function is reflected in the complex behaviours 
that comprise language. A logical way to approach the 
challenge is to study the co-development of brain and 
language during the early stages oflanguage acquisition. 
In one of the first attempts to do that, Lenneberg (1967) 
proposed specific correlations between language acqui
sition and the development of motor skills in children 
from birth to four years of age. He argued, for example, 
that because first words consistently appear at about the 
time that children begin to walk, and because the lan
guage environment of children varies widely, language 
acquisition is more likely to be explained by some gen
eral maturational changes in the human brain than by 
learning. In fact, he claimed that language milestones are 
interlocked with other milestones, such as stance, gait, 
and motor coordination that were thought to be clearly 
attributable to physical maturation. Later studies (Bates, 
Benigni, Bretherton, Camaioni, & Volterra, 1979) in 
which researchers looked for the proposed correlations 
in longitudinal samples of children, found no significant 
connections between language and motor milestones. 
Yet, given the fact that the human nervous system con
tinues to develop for some time after birth, it is still 
appealing to look for neural correlates, and possibly 
even causes, of the remarkable changes that typify lan
guage development in the earliest stages. In a more 
recent attempt, Bates, ThaI, and Janowsky (1992) pro
posed two likely candidates: the achievement of adult
like patterns of connectivity and brain metabolism 
around eight to 10 months of age, and a marked increase 
in synaptic density and brain metabolism that was esti
mated to take place between 16 and 30 months of age. The 
former appeared to be associated with dramatic changes 
in infant cognitive and communicative abilities that 
occur around 8 to 10 months, including speech percep-
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tion and production, memory and categorization skills, 
imitation, joint reference and intentional communica
tion, and word comprehension. The latter appeared to 
be associated with the dramatic, nonlinear increases in 
vocabulary and grammar that occur between 16 and 30 
months of age. However, in the time since that review, 
new developments in neuroscience have led to a better 
understanding of brain development during the first few 
years and that, in turn, requires a reconsideration of the 
closely linked brain-behaviour relations that were pro
posed. In a revised and updated version of the Bates et al. 
chapter (Bates, ThaI, Finlay, & Clancy, in press) a more 
interactive and bi-directional model is proposed, one in 
which the process of development is seen as an interac
tion of biological maturation with experience from al
most the moment of conception. Thus, we reject the 
conventional view of maturation as a biological timeline 
that unfolds independently of experience. The informa
tion provided in that chapter will be reviewed here, with 
a specific view to what it may mean for understanding 
and, therefore, having the information necessary for 
prevention of language learning disorders. The reader is 
referred to the original manuscript for a discussion that 
has greater detail and depth and to a related interactionist 
perspective that has also been proposed by Chapman 
(2000). 

We will begin our discussion with the language and 
language-relevant behaviours that we need to explain. 
These will be discussed in the next three sections. The first 
focuses on language and language-related behaviours 
across the first year of life. This is followed by a descrip
tion of the major language milestones that are achieved 
between one and three years of age. The third section 
spells out individual differences in the language acquisi
tion process that must be accounted for in anyexplana
tion of language learning. Once the language-relevant 
behaviours have been identified, we will shift to a discus
sion of neural development. This will be discussed in four 
sections. First we provide a short and narrowly focused 
tutorial to familiarize or re-familiarize readers with 
basic terminology and brain structure. In the second 
section the prenatal events that are essential for language 
will be discussed. The third section focuses on the impor
tant post-natal events. Finally, in the last section we 
discuss the interaction between neural events and lan
guage learning. We will end the paper with some conclu
sions regarding the implications of these interactions for 
prevention of nonbiologically based language-learning 
difficulties. 
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VVhatare the Language and 
Language-Relevant Behaviours? 

A number of complex abilities, interacting across 
different modalities, must be in place for children to 
learn to use language. First, they must be able to recog
nize the linguistically relevant units of their native lan
guage and to figure out how to produce them. They must 
also be able to recognize and categorize objects and 
events, and to understand that those objects and events 
can be referred to with words. In order to learn a specific 
language, children must also have the ability to repro
duce what they hear (Le., to use imitation and memory). 
In addition to these specific skills, children must be 
highly motivated to communicate with other members 
of their community. Over the first year of life human 
infants develop an impressive number of these language
related skills. Towards the end of the first year clear signs 
of language development begin to appear. During the 
second and third years oflife observable and measurable 
gains in language abilities are made. By the time typically 
developing children are three years old they are already 
skilled language users. Within another year they will 
have virtually all of the skills that adults have; all that 
remains is for them to polish and extend those skills. 
Clearly these first years are critical to normal language 
learning. Complicating the task for those who wish to 
determine if a child is developing typically, however, is 
that the single most characteristic quality of develop
ment during this period is variability (see Bates, Dale, & 
Thal, 1995; Fenson, Dale, Reznick, Bates, ThaI, & Pethick, 
1994 for a discussion of variability and individual differ
ences in this period oflanguage development). In addi
tion, individual children are likely to demonstrate mul
tiple bursts and plateaus that may look like qualitative 
changes in language learning. These create significant 
challenges to those trying to find meaningful relations 
between brain development and language acquisition. 
Any brain-behaviour explanations of language devel
opment will need to take into account both variability 
and the more regular sequences of events through which 
normal children pass in the process oflearning language. 

At two points across the first three years of life a 
dramatic qualitative change in language abilities oc
curs. The first of these occurs around 9 to 10 months of 
age when children appear to have figured out how to 
map sound onto meaning for communicative purposes. 
The developments that lead to and include this shift will 
be described in the next section that is focused on 
prelinguistic skills and nonlinguistic prerequisites to 
language use that occur across the first year of life. The 
second occurs between 16 and 30 months of age when 
dramatic increases are seen in vocabulary and grammar. 

These will be described in a subsequent section in mile
stones of language development. 

Prelanguage and Prerequisites to 
Language Across the First Year 

The skills attained during this period of develop
ment provide strong evidence for the power and speed of 
learning in human infants. Only recently, through the 
work of people like Kuhl (1993), Jusczyk (1997) and 
others, have we come to appreciate how much infants 
know. One reason for this dramatic change in our think
ing about what infants know is the development of new 
research techniques that allow us to estimate their knowl
edge in a number of areas. These include the techniques 
of high-amplitude sucking (that makes use of the fact 
that infants suck more strongly when exposed to a novel 
or particularly interesting stimulus), habituation and 
dishabituation (based on the recognition that infants 
will attend to or re-focus on an object or sound when 
they perceive a change in the auditory or visual stimu
lus), operant generalization (specifically training an 
infant to turn his or her head to sounds from one speech 
category versus another), cross modal looking prefer
ence (capitalizing on the propensity of infants and tod
dlers to look at objects and actions that match the word 
or phrase said when they understand the utterance) and 
listening preference (using infants' inclination to look 
toward an auditory stimulus with novel qualities over 
one that is familiar). Reviews of research that have em
ployed these techniques may be found in Aslin, Jusczyk, 
and Pisoni (1998), Eimas, Miller, and Jusczyk (1987), 
Haith and Benson, 1998, Kellman and Banks, (1998), 
and Kuhl (1986). Studies that used these methods have 
made it apparent that children learn a great deal during 
their first year of Iife. Five specific areas are of particular 
interest to understanding the development of language: 
speech perception, speech production, conceptual con
tent of communicative acts, social uses of language, and 
coding capacity (including memory and imitation). 
Table 1 provides an overview of the developments in each 
of these categories over the first year of life. 

Speech perception. During the first months of life, 
infants are capable of perceiving essentially all of the 
phonemic contrasts that appear in naturally occurr~ng 
languages. In fact, there is evidence to suggest that In

fants develop a preference for their native language 
during their last few weeks of gestation (DeCasper & 
Fifer, 1980; Jusczyk, Friederici, Wessels, Svenkerud, & 
Jusczyk, 1993; Mehler, Jusczyk, Lambertz, Halsted, 
Bertoncini, & Amiel-Tison, 1988). This incredible abil
ity to detect the important contrasts that signal differ
ences in meaning in spoken languages is not species 
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Table 1 
Prelanguage and prerequisites to language across the first year . 

... . .. -
! I Age In Sound Meaning 

I 
Intentionality I Coding Capacity 

Months 

Perception i Production Conceptual Content Social and Imitation and 
I Non-social Memory - ..... 

I All phonemic TObject d~tection 0 Vegetative sounds Non-intentional ·Pseudo-imitation· 
1 I contrasts can be signals (smiles, 
2 I heard. 

3 : Cross-modal I Cooing, babbling 
4 (vocaVmouth , without consonants 

gesture) matching 

5 
6 Native language-

specific vowel 

I prototypes 

7 , I Canonical or 
8 reduplicative babble 

I with consonants 

9 Loss of sensitivity to Word-like sounds 
10 non-native phoneme 

contrasts begins 

; 

I 
Adapted from Bates et al. (in press) 

specific (Kuhl, 1986), so it is clearly not an innate lan
guage-specific ability. However, combined with other 
skills that are present in early infancy, it provides a 
mechanism for infants to learn the critical sound-mean
ing connections of their native language. One of those 
abilities is the association of sound and lip shape. In a 
study by Kuhl and Meltzoff (1988), two- to three-month
old infants saw faces on two screens that had a speaker 
placed between them. One of the faces made the oral 
gesture that accompanies the sound lul (as in food) and 
the other made the oral gesture for lil (as in feet). The side 
at which each facial gesture was presented was changed 
randomly across trials. During a trial the faces were 
displayed and one of the two sounds (lul or lif) was 
played from the speaker. Infants looked significantly 
longer at the face on which the oral gesture matched the 
speech sound, indicating that they recognized the oral 
configuration for the sounds. 

Another highly relevant skill is the ability of children 
as young as eight months of age to detect the statistical 
regularities of language and use them to recognize pat
terns of sounds that are word-like. Saffran, Aslin, and 
Newport (1996) played strings of meaningless syllables 
that were spoken in a monotone for two minutes in a 
room in which eight-month-old infants were playing 

cries, etc.) 

I Passive anticipatio~ 
._-

Anticipates position 
' of actions by others of object in a moving 

, display 

,Changes in Joint attention to Ability to retrieve a 
I complexity of pattern objects; objects and hidden object at zero 

detection and pattern people are familiar; delay, if obstacle can 
I anticipation goals achieved with be easily removed 

familiar means 

Object categorization First signs of tool True imitation Ability 
use; novel means to to retrieve a hidden 
familiar ends; object after delay of 
humans as tools to up to 15 seconds 
objects; objects as 
tools to human 

I interaction i 

with toys. The stimuli were constructed of syllables like 
lri badi co ra bilo badi co bira/. As the example is designed 
to demonstrate, some syllables (Iba di col) were always 
presented together and, thus demonstrated word-like 
regularity while others were randomly mixed into the 
word-like combinations. Following this the infants were 
tested in a preferential listening paradigm and they were 
exposed to either the same stimuli that they had heard 
for two minutes while playing, or to another set of 
stimuli composed of exactly the same syllables, but in 
which the syllables were now arranged in a different 
order and the regularities in the original stimulus were 
no longer present. The children turned toward the 
speaker in which the previously unheard strings were 
played reliably more than to the other speaker, indicat
ing that they recognized the difference between the two 
sets of syllable strings. Since the only difference between 
the two sets of stimuli was the word-like combinations of 
syllables, this study demonstrated that infants have the 
ability to detect that kind of statistical regularity in an 
ongoing stream of speech. This is a remarkable phenom
enon, indicating that infants have the capacity to learn 
to identify word boundaries from strings of speech even 
without specifically attending to the speech event. 
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Taken together, these results might suggest that 
infants have a special language acquisition device that 
determines what kinds of cross-modal stimuli and speech
stream regularities they attend and respond to. That, of 
course, may be the case and it is not possible to rule out 
such a hypothesis at the present time. On the other hand, 
the same kinds of pattern recognition abilities have now 
been demonstrated with auditory tones and with visual 
stimuli that have no speech content (Haith & Benson, 
1988; Kellman & Banks, 1998). This suggests that the skill 
is one of statistical induction of regularities in the sen
sory input that is applied across all domains, functioning 
to help children understand the world in which they are 
living. This kind of ability, combined with strong social 
drives that will be discussed in a future section, may 
provide the means and motivation for infants to learn 
the mapping between mouth movements and speech 
sounds very early in life. 

Yet another recently discovered phenomenon is that 
the ability to hear the phonemic contrasts used by all of 
the world's natural languages begins to be lost in in
fancy. Kuhl and colleagues have demonstrated that in
fants prefer to listen to the vowels of their own language 
by six months of age (Kuhl, 1993; Kuhl, Williams, 
Lacerda, Stevens, & Lindblom, 1992). This preference 
actually becomes a loss of sensitivity at later ages. It is as 
though infants lose interest in the irrelevant information 
and selectively listen to what will help them learn their 
language. Werker and colleagues have demonstrated 
that infants begin to exhibit selective loss or inhibition 
of non -native consonants when they are 10- to 12-months 
of age (Lalonde & Werker, 1990; Werker & Tees, 1984). 
This is an especially interesting finding since it occurs at 
a time at which a number of other significant language
relevant changes are seen, including comprehension of 
words and phrases (Bates, Bretherton, & Snyder, 1988), 
recognition of native-language-specific intonation con
tours (Hirsh-Pasek, Kemler Nelson, Jusczyk, Cassidy, 
Druss, & Kennedy, 1987), and production of native 
language sounds in babble (Boysson-Bardies, Sagart, & 
Durand, 1984). The fact that so many significant changes 
occur at the same time contributes to the impression that 
there is a major qualitative shift that is critically related 
to changes in brain maturation. 

Speech production. Although development of per
ceptual skills leads to the onset of the comprehension of 
words (which is usually measurable by 10 months of age 
in most typically developing children), few children are 
capable of producing recognizable words until a few 
months later. There are a number of well-recognized 
milestones that lead to word production, and they are 
summarized in the third column of Table 1 (see Locke, 
1983; Menn, 1985 for detailed reviews). 

In the period in which speech perception is charac
terized by the ability to hear all the phonemic contrasts 
possible in natural languages (approximately the first 
three months), production can be characterized as re
flexive sounds that are tied to the infant's internal states 
(e.g., comfort, distress). These "vegetative sounds" have 
no relation to language other than to serve the commu
nicative function of signalling various states, some of 
which may need parental attention. Very shortly, how
ever, the infant's sounds begin to change and become 
more systematic. Reproduction of vowel sounds (coo
ing) begins around three months of age, and the infant 
appears to enjoy playing with the sounds he or she hears 
herself produce. Babbling that contains consonants ap
pears to be more directly related to speech, and generally 
begins when infants are between six and eight months of 
age. Research suggests that during the period in which 
children babble but do not yet produce words the sound 
of the babble becomes gradually more and more like the 
language of the community in which the infant lives 
(Boysson-Bardies et al., 1984). By 10 months of age the 
infant also begins to produce word-like combinations of 
sounds (that is, patterns of sounds that follow the pho
nological rules of the native language) and to use them 
in consistent ways (e.g., Inumnuml as part of a feeding 
routine, Ibooml said in the context of a game of knocking 
down blocks). Although the child does not yet produce 
recognizable words, the word-like sounds in combina
tion with the inhibition of perception of non-native 
sounds and the first indications that he or she is begin
ning to understand some words has the child poised for 
using words to communicate thoughts and needs. Tak
ing that step requires the child to have ideas that are 
organized into categories or concepts that the sounds of 
the language can be used to represent. We turn to devel
opment in that domain next. 

Recognition and categorization of objects and events. 
We have learned an enormous amount concerning in
fants' knowledge about objects and how they are catego
rized in the past decade and a half. We now know, for 
example, that infants under six months of age are ca
pable of fine-grained discriminations of object bound
aries and of three-dimensional space (for thorough re
views see Bertenthal & Clifton, 1998; Gibson & Spelke, 
1983; Haith, 1990; Osofsky, 1987). This capability is, at 
least to some extent, available for object classification 
across sensory modalities. For example, Meltzoff and 
Borton (1979) showed that very young infants who are 
shown two pictures simultaneously, one of a nonsense 
form with a smooth surface and one with a nubbly
textured surface, look at the nubbly-textured form if 
there is a nubbly-textured pacifier in their mouth and at 
the smooth form if there is a smooth pacifier in their 
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mouth. They clearly recognize the differences between 
the two pacifiers across the tactile and visual modalities. 
Similarly, the work by Kuhl and Meltzoff(l988) in which 
children looked at a picture of rounded lips when they 
heard an lul and at a picture with flattened and laterally 
widened lips when they heard lil is an example of classi
fication across the visual and auditory modalities. These 
perceptual abilities provide the child with information 
that allows him or her to take the next step (which, not 
surprisingly, occurs at about nine months of age). By 
that time infants can clearly anticipate changes in a 
moving display (Haith, 1990), synthesize a complete 
pattern out of local details (Bertenthal, Campos, & 
Haith, 1980; Bertenthal, Proffitt, Spetner, & Thomas, 
1985; Spitz, Stiles, & Siegel, 1989), and recognize objects 
as members of a category (Cohen & Younger, 1983; 
Reznick & Kagan, 1983). It is fair to say that by 10 months 
of age object categories are present with adequate con
stancy and flexibility to serve as the basis for using words 
referentially. 

Intentionality and joint reference. These are social 
factors that are fundamental to the development of 
language. We are a highly social species and the use of 
language is one of our most social qualities. In order to 
learn language a child must be strongly driven to com
municate with other members of the species. They must 
also come to understand that language is a tool for 
reaching some of their most important social goals. As 
Bates and her colleagues pointed out many years ago 
(Bates et al., 1979) language is a symbol system in which 
the symbols are used as tools to get others to do things. 

The human newborn comes with a limited set of 
social skills, but it includes the necessary ones: respon
siveness to touch, ability to differentiate the human 
voice from other auditory stimuli, and ability to differ
entiate the human face from other visual stimuli. These 
are modified over the first 10 months in a manner that 
prepares the child for language learning by establishing 
the ability to share reference and developing an under
standing of the function and power of the language tool. 
Through face-to-face interaction with caretakers that 
begins shortly after birth and vocal games in which the 
caretaker and child alternate making sounds in a "con
versational" manner, infants establish patterns of inter
action with adults that lead them to begin following 
adults' line of visual regard at around five months of age 
(Butterworth, 1990; Butterworth & Jarrett, 1991). This 
"joint attention" or "joint reference" to the same object 
or event establishes the minimally necessary conditions 
for learning what the names for things are. Interestingly, 
this is a skill at which human infants are significantly 
better than other primates, even chimpanzees and apes 
(Tomasello & Call, 1997). 
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Around eight or nine months of age human children 
begin to take an active role in joint reference activities 
rather than simply following the parent's line of regard. 
At this age they begin to use what Bates, Camaioni, and 
Volterra (1975) referred to as "proto-declaratives" (use 
of objects to obtain adult attention) and "proto-im
peratives" (use of adults as a means of obtaining a desired 
object) by showing, giving, and pointing to objects. 
Proto-imperatives are often accompanied by looks that 
alternate between the desired object and the adult, and 
sounds that appear to serve the purpose of requesting. 
These protoforms, along with the ability to use one 
object to obtain another (a nonsocial form of tool use 
that also develops at this time) are strongly correlated 
with the soon-to-follow emergence of speech (Bates et 
al., 1979). 

Coding capacity: imitation and memory. Although 
these may seem like capacities that fall into distinct 
domains, they are placed together because they both 
involve storage of coded information. Imitation, the 
ability to reproduce novel motor patterns, is clearly an 
important ability for transforming the auditory input of 
a spoken message into comparable output. Memory is 
required to retain, identify, and remember signals in the 
right context. These two abilities work together in lan
guage development, and both undergo significant 
changes in the first year of life. 

Imitation. Neonates can produce a limited set of 
innate motor patterns like sticking out the tongue and 
opening the mouth in response to an adult model 
(Meltzoff & Moore, 1979). This is known as "pseudo
imitation" because the models that the child can imitate 
are restricted to patterns that are already in their own 
motor repertoire. This kind of imitation persists, in
creasing with the child's expanding motor skills until he 
or she is around nine months old, when "true imitation" 
begins (Piaget, 1954, 1962). This ability to reproduce 
novel vocal and gestural patterns is seen in the produc
tion of gestures like "bye-bye" and "pattycake", and the 
appearance of prosodic patterns and consonant-vowel 
sounds in babbling that begin to approximate those in 
the ambient language. At about the same time that 
children begin to use true imitation they also begin to be 
able to reproduce novel vocal and gestural patterns from 
memory ("deferred imitation") after delays of up to a 
month (Meltzoff, 1988), suggesting that there is interde
pendent growth of both abilities. Like joint referencing, 
imitation appears to be something at which human 
infants excel compared to other primates. There is very 
little evidence of systematic imitation of novel models in 
any other primate species (Tomasello & Call, 1997). 
Indeed, the combination of joint referencing and imita
tion skills are probably among the major factors that 
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allow humans to learn the kinds of complex languages 
that are impossible for other primates to learn. 

Memory. In order to use language adequately chil
dren will need recognition memory for understanding 
words and sentences, recall memory for putting their 
ideas into recognizable speech, and working memory for 
creating novel utterances. This is yet another area in 
which infancy researchers have learned a great deal in 
recent years (Haith & Benson, 1998; Harris, 1983; 
Mandier, 1983; Schneider & Bjorklund, 1998). As early 
as three months of age infants can learn to anticipate the 
position of an object in a moving display (Haith, Benson, 
Roberts, & Pennington, 1994). Increases in the ability to 
retrieve a hidden object after a short delay (Baillargeon 
& Graber, 1988; Piaget, 1954), and increases in the 
length of time the location of the object can be held in 
memory (Diamond, 1985) are seen between seven and 10 
months of age. Meltzoff's (1998) demonstration of de
ferred imitation in nine-month-old children also shows 
the presence of some form of recall memory. Thus, it 
appears that by the time infants are nine or 10 months 
old (when they have the ability to categorize objects, 
understand how to use symbols as tools, are restricting 
recognition of phonemic contrasts to those of their 
native language, and are producing word-like strings of 
sounds) they have developed sufficient memory to hold 
in mind a sound or word while retrieving from memory 
an object category (Le., they can now comprehend 
words). They may also be able to retrieve and produce 
a sound from memory when an exemplar of a class of 
objects or events (e.g., an animal like a dog) is present 
(i.e., they are ready or almost ready to produce words). 

The achievements of children in the first 10 months 
oflife described above appear to be at least partly a result 
of interaction with the environment. For example, 
babble would not drift to the sounds of the infant's 
linguistic community without input from that commu
nity, object categories would not develop without expo
sure to objects, and the kinds of social games (like bye
bye or pattycake) that support the communicative pro
cess are highly culturally specific. By 10 months of age the 
typically developing child has reached a critical level in 
all five areas: sound perception, sound production, cat
egorizing objects, intentionality, and coding capacity. If 
the requisite threshold level is not reached in anyone of 
these domains, language acquisition is not likely to pro
ceed in a typical manner. 

Language Milestones 
In this section the major language events that occur 

in the first three years will be reviewed briefly. Sufficient 
detail will be provided to support claims about relations 

between language milestones and cognitive develop
ments (how things come together) and variations and 
dissociations that occur under normal and abnormal 
conditions (how things come apart). However, Bates, 
ThaI, and colleagues have previously reviewed these 
stages of early language development in a number of 
different places for a number of different purposes. Read
ers are referred to those sources if they are interested in 
the continuity of individual differences from infancy to 
childhood (Bates et al., 1995; ThaI & Bates, 1989), rela
tions between the development of language and gesture 
(Bates, ThaI, Whitesell, Fenson, & Oakes, 1989; Iverson 
& ThaI, 1997; Shore, Bates, Bretherton, Beeghly, & 
O'Connell, 1990; Thal & Bates, 1990; Thal & Tobias, 
1992; 1994; ThaI, Tobias, & Morrison, 1991), similari
ties between adult aphasia and dissociations observed in 
normal and abnormal language development (Bates & 
ThaI, 1991; Reilly, Bates, & Marchman, 1998), and norms 
of language development from a clinical point of view 
(Thal & Bates, 1989; ThaI & Katich, 1996; ThaI et al., 
1991). 

Word comprehension. Around eight to 10 months of 
age, during the period when children begin to use word
like sounds, appropriate responses to specific, contextu
ally supported sounds (for example to their own name, 
to "mommy" or "daddy", to "no no") are observed. This 
is the first systematic evidence of word comprehension. 
As noted in the previous section on prelinguistic devel
opment, a number of shifts also occur in nonlinguistic 
cognitive domains. As children begin to understand tool 
use and to recognize language as a useful tool, they begin 
to use gestures (like giving, pointing, and showing) to 
establish and maintain communicative interactions, and 
they begin to classify objects into conceptual categories. 
The correlations between language and other 
nonlinguistic cognitive accomplishments (that occur at 
many of the early milestones as will be seen below) are 
significant because they suggest that language develop
ment is paced by mechanisms outside oflanguage itself, 
possibly mechanisms that are the result of changes in the 
maturing brain. 

Comprehension grows rapidly after 10 months of 
age. For example, in a sample of more than 1,800 chil
dren from three different cities in the United States 
(Fenson et al., 1994), parents reported that their chil
dren understood an average of 67 words at 10 months of 
age, 86 words at 12 months, 156 words at 14 months, and 
191 words at 16 months. Beyond 16 months of age most 
parents have difficulty keeping track of the words that 
their children understand because comprehension vo
cabulary has grown too large. 
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Word production. The pattern for early word pro
duction parallels that for comprehension, but comes a 
little later. That is, production of word-like sounds in 
situations of high contextual support (e.g., using a spe
cific sound to request a particular object or activity, 
using an animal sound in a familiar game) begins be
tween 11 and 13 months of age. These word-like sounds 
are considered to be early word forms by some because 
they are used consistently and for purposes of commu
nicating some specific intent on the part of the child. 
They rapidly become what appear to be real words, 
although they are quite unstable, coming and going 
from the child's repertoire, until the child has developed 
a vocabulary of about 10 consistently produced words. 
During this time and over the next months until the 
child's vocabulary has reached approximately 50 to 75 
words, children use single words almost entirely for the 
purpose of reference rather than predication. That is, 
they use them to label and/or to ask for objects and 
people and not to say things about those objects and 
people. After their vocabulary reaches 50 to 75 words 
children begin to use more verbs and adjectives, and 
other words that allow them to begin to say things about 
the objects and people in their world. 

An important cognitive correlate of first words is the 
use of recognitory gestures (Bates et al., 1979; Escalona, 
1973; Werner & Kaplan, 1963). These are gestures such 
as putting a hand to the ear to "represent" the object 
"telephone", patting a hand on one's head to indicate 
"hat", or putting a dosed hand to the mouth and tilting 
the head back to indicate "cup", that are frequently seen 
in children who are just beginning to use words (see Bates 
et aI., 1979; Escalona, 1973; Thal & Bates, 1988; Werner 
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& Kaplan, 1963 for more detailed descriptions). Unlike 
the earlier gestures, recognitory gestures appear to be 
representational in nature. Thus, children have moved 
beyond the use of gestures largely for purposes of social 
engagement to using them for identifying objects and 
events in their environment (i.e., for labelling). Like 
early words recognitory gestures are used consistently 
and for purposes of communicating some specific intent. 
At this point in time the gestural and vocal modalities 
have equal potential for supporting the development of 
a complex linguistic system. Children who have hearing 
that is within the normal range move very quickly to the 
oral modality, dropping their use of recognitory ges
tures between 14 and 18 months of age as speech becomes 
the dominant mode for representational communica
tion. 

Vocabulary burst and word combinations. The 50- to 
75-word point marks two important changes in the 
child's process of acquiring language. First, there is 
acceleration in the rate of learning new words that has 
been called the "vocabulary burst». Evidence can be seen 
in the large norming study mentioned earlier (Fenson et 
al., 1994) in which parents reported that their children 
produced an average of 10 words at 12 months of age, 64 
words by 16 months, 312 words by 24 months, and 534 
words by 30 months. Clearly the rate of word acquisition 
increases substantially after 16 months, with an increase 
of 248 words over the next eight months and of another 
212 words over the next six months. As the rate of 
vocabulary growth increases, there is also a change in the 
proportion of words that serve a referential versus a 
predicative purpose, with increases in the proportion of 
predicative words. For example, verbs typically com-

Table 2 

Age In Months 

8 to 10 

11 to 13 

20 to 24 

28 to 30 

Adapted from Bates et al. (in press) 

Nonllnguistic correlates of early language milestones. 

Language Milestone 

Word comprehension 
I 
: Intentional communication, vocal routines 

i Word production 

Vocabulary burst and word combinations 

Changes in vocabulary composition 

! Onset of grammar 

Nonlingulstic Correlate 

I Tool use, deictic gestures (pointing, showing), 
• gestural routines (pattycake), causal 
• understanding, shifts in categorization 

: Recognitory gestures in symbolic play 

i Gestural combinations in symbolic play, shifts in 
I categorization, changes in patterns of block 

building, 

: Active sequencing in spontaneous symbolic play 
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prise about 2% of the vocabulary of a child who has only 
50 words. For a child with a vocabulary of 100 words the 
proportion of words that are verbs increases to around 
12%. This suggests that a shift from reference (using 
single words) to predication (in which words are used in 
a relational manner) is under way. Further support is 
offered by the second change that is seen at the 50- to 75-
word point; the child begins to use utterances that con
tain more than one word. This shift to word combina
tions is tightly tied to the vocabulary burst (more closely 
than it is to age) and the new use of verbs, adjectives, and 
other predicative terms. The early combinatorial forms 
used by children appear to code similar relational mean
ings, regardless of the language that the child is learning 
(see, for example, Braine, 1976). These include existence 
(e.g., "here car", 'bye-bye bunny"), desires (e.g., "want 
juice", "no night-night"), basic event relations (e.g., 
"kitty fall", "daddy byebye car"), and attribution (e.g., 
"wet", "hot"), despite the fact that languages vary widely 
in the forms used to express these relational meanings. 

In nonlinguistic domains we see active combining of 
gestures in symbolic play (Brownell, 1988; Fenson & 
Ramsay, 1981; McCune-Nicolich, 1981; McCune
Nicolich & Bruskin, 1982; O'Connell & Gerard, 1985; 
Shore, 1986; Shore, O'Connell & Bates, 1984). For ex
ample, a child might stir in a cup with a spoon and then 
put the spoon to a doll's mouth, or feed the doll with the 
spoon and then stir in the cup. The awareness that things 
go together appears to be present, but the typical order 
in which they usually occur is not necessarily main
tained. 

Development of grammar. Around 28 months of age 
children begin to use the grammatical forms specific to 
their language. This will continue, growing rapidly until 
the majority of grammatical forms are mastered by the 
time a child is three or four years old. There is a general 
order of acquisition of grammatical morphemes that 
was outlined for English-speaking children by Roger 
Brown in his seminal book A First Language, The Early 
Stages (Brown, 1973). A large number of these forms are 
first seen some time within the period between 24 and 26 
months, a rapid growth that seems to parallel the vo
cabulary burst that occurred earlier. 

The length of utterances produced by children also 
increases at this time and with it comes greater knowl
edge of the syntactic regularities that are important for 
the language being learned. In a normative study of 
middle-class American children by Miller and Chapman 
(I 979) and in Miller (I981), mean length of utterance 
(MLU) was observed to increase from approximately 
1.2 words at 20 months to approximately 2.4 at 30 
months and 3.2 at three years of age. 

In the gestura I domain there is evidence of a link 
between grammatical development at around 28-months 
of age and the ability to produce an arbitrary sequence 
of five gestures (Bauer, Hertsgaard, Dropik, & Daly, 
1998). The correlation between grammar and gesture is 
not observed with shorter sequences, or if the sequence 
in which the gestures are modeled is either meaningful or 
causal. Thus, at this point in time, the correlations found 
appear to result from similar demands placed on memory 
by language and nonlinguistic systems. 

Individual Differences in 
Language Development 

Variability in rate. Although the regular sequence of 
development portrayed above is generally correct, the 
reality is that there is fairly wide variability in the timing 
of every one of these milestones for individual children, 
making rate of development a poor metric of language 
development in these early stages. In some cases even the 
nature of the development is somewhat different. For 
example, the range of ages at which parents may expect 
the onset of babble (6 to 10 months) is quite wide when 
considered in the context of all the changes that occur 
during the first year oflife (see Table O. In addition to 
the variation in rate, however, what children do once 
they start to babble can be quite different. Some children 
will attempt many sounds from the very beginning, 
while others may produce only a small set of phonemes 
for a number of months. 

The variability is even greater once language devel
opment proper is under way. Table 3 provides examples 
of the mean, standard deviation, and range for number 
of words understood, number of words produced, and 
the mean of the three longest utterances (M3L) that 
parents reported their children produced for selected 
ages from the norming study of the MacArthur Commu
nicative Development Inventory (CD!; Fenson et al., 
1994). The variability is clear, with very large standard 
deviations and wide ranges of variability for all three 
measures. As vocabulary increases, so does variability, 
until it peaks around 24 months of age. Since these data 
are based on parent report, one might argue that the 
variability is the result of many parents over- or under
estimating what their child knows (FeIdman, Dollaghan, 
Campbell, Kurs-Lasky, Janosky, & Paradise, 2000). How
ever, laboratory validations of the CD! for both word 
comprehension (Bates & Goodman, 1997; Jahn-Samilo, 
Goodman, Bates, Appelbaum, & Sweet, 1999; Reznick, 
1988, Ring & Fenson, in press) and vocabulary produc
tion (Dale, 1991; Dale, Bates, Reznick, & Morrisett, 
1989; ThaI, O'Hanlon, Clemmons, & FraUn, 1999) sug
gest that the means and standard deviations represent 
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actual behaviour (see Fensonet al., 2000, for a discussion 
of this issue). 

Similar levels of variability are seen in measures of 
early grammar. Chap man and Miller (in Miller, 1981) 
provided norms for MLU in comparison to Brown's 
developmental stages (Brown, 1973). The relevant stages 
for our purposes here are Early Stage I (single words to 
first combinations, MLU 1.05-1.50), Late Stage I (first 
morphological inflections, MLU 1.5-2.0), Stage II (be
ginning of productive control over grammar, MLU 2.0-
2.5), Stage III (grammatical development well under 
way, MLU 2.5-3.0), and Stage IV (beginning of complex 
sentences, MLU 3.0-3.5). The norms are presented as 
average ranges for each stage: Early Stage 1, 19.1-23 
months; Late Stage 1, 23.8-26.9; Stage Il, 27.7-30.8 
months; Stage III, 31.6-34.8; Stage IV, 35.6-38.7 months. 
This, in itself, indicates significant variability, but it is 
actually even wider. In a detailed study of 27 normally 
developing middle class children at 28 months of age, 
Bates et al. (1988) reported MLUs across the whole range 
described by Brown. Further evidence of variability 
comes from a larger study of 241 normal 3-year-old 
children; Dollaghan et al. (1999) reported that MLUs 
ranged from approximately 1.9 to 4.0. 

The "upper limit" measure (M3L) used by Fenson et 
al. (1993, 1994) is highly correlated with MLU (.77 and 
.74, p <. 01, for 20- and 24-month-old children, respec
tively). Like the vocabulary measures and MLU, M3L 
variability is quite high and increases as the measure 
itself increases. Taken together, these data provide evi
dence of significant variability in the development of 
both grammar and vocabulary in this early period. 
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Variability is also present in the vocabulary burst 
and in the timing of word combinations. Although 
many children experience a vocabulary burst, others 
develop at a much more steady and even rate (Goldfield 
& Reznick, 1990; Goodman et al., 1999; Goodman & 
Bauman, 1995), suggesting that this is not a universal 
pattern. Similarly, although word combinations have 
been described as appearing when a child has between 50 
and 75 words, at an age of 20 to 24 months, Bates et al. 
(1988) reported novel word combinations as early as 14 
months. There is also variability in the relation between 
vocabulary size and word combinations. In the CDI 
norming study, 20% of the children were reported to 
produce some word combinations when they had fewer 
than 50 words in their vocabulary and 15% produced no 
word combinations at all despite vocabularies of 100-
300 words. Other reports have described exceptional 
children with vocabularies of 600 words or more that 
were not yet combining words (ThaI, Bates, Zappia, & 
Oroz, 1996). This variability in typically developing 
children suggests that clinicians must use caution in 
identifying children as either impaired or gifted when 
they are in these very early stages of language develop
ment. 

Variability in style. A large literature now documents 
variations in learning style that affect early language 
behaviour. It is generally agreed that these styles reflect 
the differential performance of two fairly general learn
ing mechanisms that operate across many cognitive 
domains. One of these mechanisms, described as ana
lytic, is responsible for breaking down sensory input into 
smaller segments. The other, described as holistic, oper-

Table 3 

Age In Months 

30 

Variability in early language development. 

Vocabulary Comprehension 

Mean SD Range 

40-396 

NA 

Vocabulary Production 

Mean SD 

Mean of the Three longest 
Utterances (M3l) 

Range 

1-4.7 

1-7.7 

4.69 2.66 

8.18 3.45 
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ates to allow memory and reproduction of large seg
ments of sensory input before those segments have been 
completely analyzed or understood. In the realm of 
language, these styles have been described across the 
whole range of early development (Bates et al., 1988; 
Bloom, Lightbown, & Hood, 1975; Dore, 1974; Horgan, 
1979,1981; Nelson, 1973; Peters, 1977, 1983; Thal et al., 
1996). In "analytic" (also called referential style) babies, 
short and consistent consonant-vowel segments pre
dominate in their babble whereas "holistic" (also called 
expressive style) babies produce long streams of sen
tence-like intonation in which occasional consonants 
are embedded. Similarly, the first words of "analytic" 
babies tend to be object names and those of "holistic" 
babies tend to be more heterogeneous and formulaic, 
containing "words" like "wannit." At the level of word 
combining, "analytic" children are often described as 
using content words only, excluding function words and 
inflections (telegraphic speech) while "holistic" children 
are likely to use inflections, pronouns, and other func
tion words in frozen expressions or formulaic utterances 
from the start. 

Both of these mechanisms are necessary for learning 
language, and most children apply both from the earliest 
stages. However there have always been subsets of chil
dren who appear to favour one type oflearning over the 
other for periods of time. The actual source of these 
differences is unresolved: hypotheses that support envi
ronmental factors such as maternal linguistic style, tem
perament of the child (e.g., impulsive versus reflective 
methods of solving problems), and differences in the rate 
at which the different neural mechanisms responsible for 
language start to mature (to be discussed further be
low). None of these is mutually exclusive; perhaps all of 
them interact to encourage a balance between the two 
mechanisms or there is preferential reliance on one over 
the other. Recent reports of language development in 
children with focal brain injury (Bates et al., 1997; ThaI 
et al., 1991), to be discussed below, suggest that these 
styles may be affected by different roles played by pro
cesses specific to the left and right hemispheres of the 
brain in early language learning. 

The individual differences literature focuses on ways 
that things hold together in typically developing chil
dren. Yet any attempt to fully explain the relations 
between brain and language development must also 
account for dissociations that are found in both typi
cally developing children and some atypical popula
tions. We turn to that next, with specific focus on late
talking toddlers and children with pre- or perinatal 
brain injury in addition to those who are following the 
typical course of development. 

Dissociations in Early Language Development 
Children with no identifiable brain lesions. The most 

conspicuous dissociation when children are between one 
and two years old (and even somewhat older in a group 
of children who have been called "late talkers") is that 
seen between word comprehension and word produc
tion. Children almost always comprehend many more 
words than they produce and, as noted in the section on 
language milestones, measurable comprehension of 
words starts well before children produce recognizable 
words. Comprehension appears to indicate an upper 
limit on the number of words a child can produce, but it 
does not fIX a lower limit. Examples from the MacArthur 
Communicative Development norming sample (Fenson 
et al., 1994) provide good illustrations. Children with 
fewer than 50 words in their receptive vocabularies rarely 
produced more than 10 words, and those who under
stood fewer than 100 words usually had production 
vocabularies between 0 and 50 words. It was only after a 
reported comprehension vocabulary of 150 words or 
more that large expressive vocabularies were also seen. 
However, the fact that children had large (for their age) 
comprehension vocabularies did not mean that they had 
comparably large production vocabularies. Until com
prehension vocabularies were 200 words or more, there 
were always some children in the sample who produced 
few to no words. Thus, comprehension vocabulary does 
not predict production vocabulary in the earliest stages, 
and substantial gaps between comprehension and pro
duction are not uncommon, even in typically develop
ing toddlers. 

The dissociation between comprehension and pro
duction may be particularly marked in children who 
appear to be language delayed when they are between 18 
and 28 months of age (ThaI, 1999; ThaI & Bates, 1989; 
Thal et al., 1991). In those studies, some of the children 
were in the normal range for language comprehension 
but in the lowest 10 percent for their age in language 
production (low producers), making them comparable 
to late talkers studied by other researchers (Paul, 1991, 
1996; Rescorla & Schwartz, 1990; Rescorla, 1993; 
Whitehurst & Fischel, 1994). Other children in that 
group were equally delayed in comprehension and pro
duction (low comprehenders). ThaI (1999) reported 
that the low producers were well within the normal 
range for grammar and vocabulary at a follow-up one 
year later. This too is compatible with results from more 
long-term studies by Paul (1991), Rescorla (1993), and 
Whitehurst & Fischel (1994). Low comprehenders, on 
the other hand, remained significantly delayed. In a later 
study using the cm, ThaI (1999) identified low produc
ers and low comprehenders when they were 16-months 
of age, using the same lowest tenth percent as the defini-
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tion. The differential growth of low comprehenders and 
low producers was replicated in that study. Low produc
ers (with normal comprehension) scored well within the 
normal range by 28 months of age, while low 
comprehenders continued to score around the 10th per
centile. 

These findings initially led ThaI to propose that an 
atypically large dissociation between comprehension 
and production is associated with positive long-term 
outcome. However, findings reported by Olswang and 
Bain (1996) led to a modification of that hypothesis. The 
children studied by Olswang and Bain all had delays in 
both comprehension and production. In those children, 
greater gaps between comprehension and production 
were associated with slower progress in language therapy. 
It appears then that large dissociations between compre
hension and production mean more positive outcome if 
comprehension is in the normal range and more nega
tive outcome if comprehension is also delayed. 

Children with Focal Brain Injury. The work described 
in this section focuses on children who sustained a local
ized insult to the brain in utero or within the first six 
months of life. It might seem inappropriate to discuss 
such children in a volume on prevention of 
non biologically based language-learning difficulties, but 
to leave them out would be an unfortunate mistake. 
Understanding the course of language development for 
these children will provide important clues regarding 
the neural basis of some of the dissociations that were 
discussed above. In addition, since the extant literature 
indicates that these children are not significantly de
layed in language by school age, they provide informa
tion about the range of neural plasticity for early lan
guage development. 

The studies described here followed children pro
spectively, some through fiveor six years of age. All of 
them have shown moderate to severe delays in all of the 
language milestones described in Tables 1 and 2. These 
include late onset of babbling and preverbal behaviour 
(Marchman, Miller, & Bates, 1991), and delays in lexical 
and grammatical development between one and fiveyears 
of age (Bates et al., 1997; Reilly, Bates, & Marchman, 
1998; ThaI et al., 1991; Vicari et al., 1999). For the 
purposes of the discussion here, however, the most im
portant thing is that more dissociations than would be 
expected by chance were found in this period of develop
ment. Interesting correlations between these dissocia
tions and specific lesion sites provide evidence that brain 
specialization for language in the early stages of develop
ment is very different from the conventionally held views. 
The findings from these studies have been unexpected 
and quite surprising given what we know about brain 
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and language in adults with focal brain injury, and they 
have caused us to rethink issues of brain specialization 
for language. 

Comprehension vs. Production. The original hypoth
eses about language development in these children were 
based on knowledge of English-speaking adults with 
similar lesions (ThaI, Marchman, et al., 1991; Bates et 
al., 1997). That is, we proposed that children with left 
frontal lobe damage would develop normal comprehen
sion but have significant delays in production Ca devel
opmental version of Broca's aphasia) and children with 
left temporal lobe damage would have significant delays 
in language comprehension (a developmental version of 
Wernicke's aphasia). Results indicated that both hy
potheses were completely wrong. Lesions to the left 
temporal lobe were not implicated in comprehension 
deficits. Delayed comprehension was, instead, more com
mon in children with right hemisphere damage. Although 
this pattern is completely different from the adult pat
tern, it is compatible with subsequent electrophysiologi
cal studies of normally developing children (Mills, 
Coffey, & Neville, 1993; Mills Coffey-Corina, & Neville, 
1997). In those studies the brain responded differently to 
familiar versus unfamiliar words, and the different re
sponses occurred bilaterally (but somewhat larger on 
the right) prior to about 18 months of age. At a slightly 
later age, and strongly correlated with the "vocabulary 
burst", the response changed so that a larger difference 
between known and unknown words was now observed 
in the left hemisphere, primarily in the frontal and 
temporal regions. Bates et al. (1997) proposed that the 
right hemisphere plays a larger role in the first stages of 
word comprehension because that hemisphere appears 
to be particularly important for integration of informa
tion across multiple sources (Stiles, Bates, ThaI, Trauner, 
& Reilly, 1998). For older infants, children, and adults 
who know a fair amount about their language, this sort 
of multimodal integration may not be necessary to un
derstand a familiar word. For infants who are just start
ing to figure out what the speech stream is all about, on 
the other hand, right hemisphere resources may play a 
particularly important role. 

Stylistic Differences. Using the norms from Fenson et 
al. (1993), ThaI et al. (1991) found a significantly higher 
incidence of holistic style children than would be ex
pected by chance in a random sample of normal children 
across the whole group of children with focal brain 
injury (regardless of site of lesion). As noted earlier, 
holistic style children are those who use inflections, 
pronouns, and other function words from the earliest 
stages oflanguage development, but they are used in rote 
or formulaic utterances. There were also several chil
dren in that study who used an extreme analytic style, 

Revue d'orthophonle et d'audiologie - vol. 25, no. 2, ete 200185 



Brain Development and Language Learning· Thai & clancy 

however. These children used content words (mostly 
nouns and verbs) almost exclusively, producing utter
ances that lacked the more grammatical function words 
and grammatical morphemes. Unlike the holistic chil
dren, their utterances appeared to be analyzed rather 
than rote or formulaic. In earlier work, Bates et al. 
(1988) suggested that these styles might reflect differen
tial reliance on left versus right hemisphere processes for 
language use (the interhemispheric hypothesis). This 
hypothesis is based on claims that the left hemisphere is 
specialized for fine-grained analytic procedures, and the 
right hemisphere is specialized for holistic or configura
tional processes (see Bradshaw & Nettleson, 1981, for 
example). If this hypothesis were correct, then the holis
tic children in the ThaI et al. study should be those with 
left hemisphere damage, and those with extreme analytic 
styles should have right hemisphere damage. The actual 
data were just the reverse of what was expected. ThaI et 
al. reported a significantly higher incidence of holistic 
style children who had right hemisphere damage, and 
proportionally more analytic style children with left 
hemisphere damage. Similarly, in a later study with a 
larger sample of children with focal brain injury who 
were between 19 and 30 months of age, Bates et al. (1997) 
reported that the holistic language style was signifi
cantly more common in children with right hemisphere 
damage. Thus, the right hemisphere account of holistic 
processing in children receives no support from prospec
tive studies of children with carefully identified focal 
brain injury. 

Is there some potential explanation for this unex
pected finding? We believe that there is, although it is one 
that has not been explored in the literature on individual 
differences in normally developing children. The moti
vation for this hypothesis comes from research on vi
sual-spatial pattern analysis by Stiles and others (see 
Stiles et al., 1998, for a review) in which we learned that 
children and adults with left hemisphere damage have 
deficits in the extraction of local detail and that those 
with right hemisphere damage demonstrate difficulty 
with overall configuration. For example, if asked to 
reproduce a letter H in which each of the lines that form 
the H is constructed of small Xs, people with left hemi
sphere damage will draw a fairly typical H (without any 
Xs). People with right hemisphere damage, on the other 
hand, will draw a lot of small Xs, but not in a configura
tion that creates a letter H. In the interhemispheric 
hypothesis discussed above, it is assumed that formulaic 
speech is a product of holistic, overall configurational 
analysis in which the finer details are not perceived. But 
this cannot be correct if children with intact left hemi
spheres (in which the temporal lobe is specialized for 
extraction of detail) and damaged right hemispheres 

(specialized for configurational analysis) have holistic 
language styles. Bates et al. (1997) and Stiles and ThaI 
(1993) propose instead that holistic style children use a 
relatively high proportion of function words and pro
nouns in their early word combinations because they 
have extracted a higher-than-normal proportion of 
detail from the linguistic input that they have heard. 
These words are produced in rote fashion because they 
have not yet been integrated into the larger semantic
grammatic structure that motivates the use of pronouns 
and other function words in the adult language. 

Unlike the interhemispheric hypothesis, the local 
detail hypothesis suggests that the holistic style of lan
guage learning is not likely to occur with damage to the 
left temporal lobe, a claim that is compatible with the 
existing data. In addition, it could explain the other 
expressive language problems seen in infants with left 
posterior brain damage. For example, the studies re
ported that children with left temporal lobe damage are 
more likely to have delayed language production than 
delayed comprehension. Because the adult literature has 
been used as the model, it is generally assumed that 
comprehension is based on sensory processing (at which 
the left temporal lobe is very skilled) and production 
depends on motor abilities (primarily the job of the 
frontal lobe). However, in the earliest stages oflanguage 
development children must figure out how to produce 
meaningful sounds for the very first time. That requires 
them to analyze the sensory input from speech in enough 
detail to permit the construction of a motor analogue. 
Thus, it may be that the delays in production seen in 
children with left temporal lobe damage are the result of 
limitations on the kind of sensory analysis needed to 
make precise sensory-to-motor maps rather than to 
motor problems. A higher incidence of holistic style in 
children with right hemisphere damage was also re
ported, suggesting that this pattern may occur when the 
right hemisphere cannot carry out the modulating and 
integrative functions important to early language learn
ing. These ideas have major implications for hypotheses 
about prevention of non biologically based language
learning difficulties. In particular, they suggest that pro
fessionals constructing programs and stimuli for early 
language stimulation need to consider the importance of 
sensory analysis to early language learning and whether 
the recommendations they make to parents should take 
that into account. We will discuss this further once we 
have completed the next section, which is focused on 
human brain development and its relation to language 
development. 
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Relevant Neural Development 
It is probably appropriate to begin this discussion 

with a very brief review of the structure of the nervous 
system. The focus here will be narrow, providing only 
the gross skeleton on which to hang the content of the 
discussion to follow. To allow us to remain focused on 
the issues that are relevant to this special issue, only 
structures that are essential to understanding the argu
ments put forward in this manuscript will be described. 

The brain is organized into six main parts, the spinal 
cord (which controls limb and trunk movement), the 
medulla oblongata (which controls digestion, breath
ing and heart rate), the pons and cerebellum (involved 
with movement), the midbrain (involved in sensory/ 
motor functions such as saccadic eye movement), the 
diencephalon, and the cerebral hemispheres. The dien
cephalon contains the thalamus and the hypothalamus; 
the cerebral hemispheres contain the cerebral cortex, 
the underlying white matter, basal ganglia, hippocam
pus, and amygdala. Our discussion will focus primarily 
on the thalamus and the isocortex (or the neocortex), 
the folded sheet of cerebral cortex that is prominent on 
surface views of the brain. Language processing takes 
place in the isocortex, based on sensory and motor input 
relayed there via the thalamus. Thus, both the thalamus 
and the isocortex are essential for language learning and 
use. 

The brain is made up of two basic types of cells, 
neurons (or nerve cells) and glial cells. Glial cells support 
nerve cells in many ways; some form white fatty sheets, 
called myelin sheaths, which serve to insulate some ex
tensions from nerve cells. This insulation serves to in
crease the efficiency with which information is transmit
ted. Glial cells clearly play an important role in brain
behaviour relations, but it is usually considered a sec
ondary one. The complex behaviours of humans likely 
originate with the neurons and the connections formed 
between them. Although these basic units of human 
behaviour are fairly simple, complex behaviour occurs 
because vast numbers of neurons work together in a 
unified manner (Kandel, 2000). In order to understand 
the neural correlates of early language development, it 
is important to understand the course of development of 
neurons and their connections. 

A typical neuron consists of a cell body and two kinds 
of processes that extend from the cell body one axon and 
(usually) several dendrites. Dendrites branch out around 
the neuron and serve as the main device for receiving 
input from other nerve cells. The axon is the main con
ducting unit of the neuron, transporting information 
from the cell by means of chemoelectrical signals. Small 
currents of positively or negatively charged chemical 
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ions cause a signal, called an action potential, to travel 
down an axon. Axons may be very long (up to one meter 
in length); the insulating myelin insures that the action 
potential continues throughout its entire length. Infor
mation is then transmitted between cells at interfaces of 
the axon from one cell with the dendrites, axon and/or 
cell body of another neuron. This region, where an axon 
of one neuron almost meets a process or cell body of 
another neuron, is called a synapse. 

Synaptic transmission occurs when the action po
tential traveling down the axon of one neuron reaches a 
synapse and causes information, in the form of chemicals 
stored in the signalling cell (neurotransmitters), to be 
released across the synapse onto receiving units (recep
tors) of another neuron. This chemical signal may have 
an immediate direct effect on the receiving cell or may 
prompt an indirect biochemical cascade of 'post-synap
tic' reactions, triggering what is sometimes called a 'sec
ond messenger' system. 

On some occasions in the adult brain, but more often 
during development, the synapse junction between two 
cells is so tight (about three nanometers wide) that 
transmitting and receiving cells are joined via very small 
channels. These almost contiguous connections, called 
'gap junctions' or 'electrical' synapses, can transfer ex
citatory reactions between cells. Here ion currents can 
pass quickly and directly from the one cell to the other, 
in either direction, without the action of neurotransmit
ters or receptors. However, the 'larger' (yet still only 20 
nanometers), more conventional, unidirectional chemi
cal synapse may utilize a variety of over 50 excitatory or 
inhibitory neurotransmitters and neuromodulators, 
and thus is more flexible than the electrical synapse. 

The process through which cells are formed is called 
neurogenesis, and the formation of interconnections 
between neurons is called synaptogenesis. Neurogenesis 
and synaptogenesis are considered to be additive events 
because new structures or functions are being added to 
the nervous system. As will become apparent later, sub
tractive (also called regressive) events in which cells die, 
synapses are eliminated, and axons are retracted are 
equally important in the development of skilled human 
behaviours. 

With that basic information in hand, it is appropri
ate to proceed with an examination of the main events in 
human brain development that precede and parallel the 
process of learning language. Following Bates et al. (in 
press) prenatal and postnatal neural events that are 
important for language learning will be described. This 
will be followed by a discussion of interactions of neural 
patterns and events with language learning, and what 
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they may imply for early prevention of language disor
ders. 

Prenatal Events 
During the prenatal period the human organism 

changes from a single cell into a living entity capable of 
learning complex behaviours such as communicating 
through an intricate linguistic symbol system. Thus, 
prenatal events build the foundation that prepares the 
brain for language learning. As Bates et al. (in press) 
point out, no experimental studies that directly relate 
language development to brain maturation exist, and 
only a few have attempted to relate disorders of brain 
development and behaviour to the fundamental cellular 
processes that occur during this period. This is because 
access to the human brain is profoundly limited since 
direct studies require invasive techniques. Therefore, 
estimates of the time at which specific maturational 
events occur in the human brain must be based on 
comparative, correlational, and statistical approaches. 
The support for correlation and inference is very strong 
thanks to an abundant literature in brain development 
in other mammals developed over the past decades. 
Using this literature, neuroscientists recently have shown 
that the schedule of human brain development can be 
mapped onto that of other mammals with remarkable 
accuracy (Clancy, Darlington, & Finlay, 2000; 
Darlington, Dunlop, & Finlay, 1999; Finlay & 
Darlington, 1995). Because the order and relative tim
ing of early neural events is notably consistent across all 
mammalian species, Finlay and Darlington (1995) were 
able to generate a comparative statistical model which 
relates development across several mammalian species. 
This model was recently adapted to predict dates of 
specific neural events in the developing human brain 
(Clancyet al., 2000). The statements about the timing of 
events in human brain development that follow are 
drawn from this comparative mammalian modeling 
unless a different source is indicated. 

First Trimester 

The three months following conception are charac
terized by the development of neurons and glial cells, 
differentiation of those cells into different subtypes, and 
their migration from their birthplace to their ultimate 
destinations in the cerebral cortex. It is remarkable that 
virtually every neuron that exists at birth and that will 
form the "work force" of the adult human brain is gen
erated in the first trimester (before many women are 
aware that they are pregnant). Some exceptions do exist. 
Cells that will live in some superficial layers of the isocor
tex or in the external granular layer of the cerebellum 
develop later in uterine life. Also, recent research has 

shown that a small number of cells are generated through
out life in the dentate gyrus of the hippocampus (an area 
implicated in memory) and the olfactory bulb (Bayer, 
1982, 1983; Kornack & Rakic, 1999; Kuhn, Dickinson
Anson, & Gage, 1996; Luskin, 1998). However, it is 
unlikely that these cells have much influence on early 
language learning. Thus, the basic workforce for lan
guage learning is in place by the end of the first trimester. 
Although some neurons extend processes locally almost 
immediately following neurogenesis, the vast system of 
interconnections through which different areas of the 
brain communicate with each other begins next. 

Second Trimester 

Among the events that occur during the second 
trimester, two have special importance for the develop
ment of higher cognitive functions: the establishment of 
connections between neurons across different regions of 
the brain and the beginning of activity-dependent self
organization. 

Cross-Regional Connections. Development of pat
terns of neuronal connectivitv in humans in the second , 
trimester has been confirmed by experimental studies 
that measured molecular markers of the proliferating 
growth ofaxons and dendrites (Honig, Herrmann, & 
Shatz, 1996). This is another additive event in the devel
opment of the nervous system, and it occurs across 
different levels of the brain as well as intracortically at 
this time (Innocenti, 1991, 1995). The development of 
connections between the isocortex and the thalamus is of 
particular importance for the development of language 
(and other related skills). As was briefly mentioned 
above, almost all sensory input to the isocortex is routed 
through the subcortical structure called the thalamus 
(the major exception is olfactory input). This input is 
topographicaUy organized to represent the "external" 
source. For example, input from the auditory sensory 
organs is packaged together and routed through one 
path while input from the visual sense organs is packaged 
into another pathway. The pattern of connections devel
oped during the second trimester of pregnancy matches 
the final adult pattern of sensory input (Miller, Chou, & 
Finlay, 1993; Molnar, Adams, & Blakemore, 1998; 
O'Leary, Schlaggar, & Tuttle, 1994). Thus, the different 
types of information that will be processed by each of the 
major regions in the mature brain are determined by the 
thalamocortical connections that are established dur
ing this prenatal period. 

Activity-Dependent Self-Organization. The process 
of reorganizing the connections between neurons based 
on information received from the sense organs is one of 
the major mechanisms of learning, and much of this 
reorganization is regressive. By regressive reorganiza-
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tion we mean that existing connections are actually 
eliminated. A novel form of potential reorganization 
has been documented in the visual system of rats and 
ferrets before 'true' visual experience is possible, at a time 
corresponding to the second trimester of human devel
opment (reviewed in Wong, 1999) and it seems such a 
useful process that it is likely to be discovered in other 
systems as well. In the retina, neighbouring groups of 
cells become spontaneously active in a wavelike pattern 
of activity that sweeps across the retina, probably 
through a combination of gap junctions connecting the 
cells and transmitter-based synapses. These waves of 
activation are probably not synchronized between the 
two eyes and so are most likely a factor in early reorga
nization of the visual system rather than an experience
based reorganization. By this we mean that the waves 
may be a genetically preprogrammed event that demon
strates an innate patterning circuitry in the nervous 
system. It is even possible that the waves may turn out to 
be an early example of input helping to organize the 
structural architecture of the brain. In humans, one 
input source could be based in the motor activity that 
begins in the fetus late in the first trimester since the vis ual 
system is known to respond to non visual stimuli pro
duced from movement (such as pressure) and tempera
ture. It is also possible that the waves may occur based on 
interactions between genetic and environmental fac
tors. 

Neural patterning events, perhaps initially triggered 
by genetic factors but modified by experience (or even 
the other way around), likely occur in the brain itself. 
For example, initially cells in the visual thalamus and 
visual cortex receive input from both eyes, but this 
pattern cannot be maintained because the information 
is conflicting. The brain's solution is to eliminate input 
from one eye or the other from successive groups of cells. 
In the cortex, this will create alternating rows of cells 
called ocular columns that respond either to input from 
the right eye or the left eye, but not from both. This 
segregation may also begin as a genetically 
preprogrammed event, although development of the 
columnar pattern will require later visual input. 

Third Trimester 
In this last period of gestation two additional impor

tant phenomena become apparent. Descending (or 'top
down') pathways from the cortex to the sensory input 
(or 'bottom-up') systems are established now and, just 
prior to birth, a huge burst of development of synaptic 
connections in the isocortex and related structures be
gins. Before this intrauterine period is completed every
thing that is needed for the brain to learn is in place and, 
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as the new literature on prenatal learning suggests, learn
ing has probably already begun. 

Development of Descending Pathways. The descend
ing pathways that develop in this period (and that will 
continue to develop well after birth) create connections 
from the cells in the cortex to those that actually activate 
the neuromuscular system. This will allow the brain to 
control motor behaviour, and it will also provide a 
means for the brain to convey information to the input 
areas. As a result, there is now interdependent connec
tivity in which top-down and bottom-up connections 
can work together to help the organism learn how to live 
in the external environment, although the process by 
which this occurs is not completely clear. It has been 
suggested that the 'top-down' processing sequences are 
involved in the dynamic strategies that are tied to atten
tion and learning (Cauller, 1995; see collection of essays 
in Koch & Davis, 1994). At the least, it is clear that the 
interconnections are important since many behavioral 
phenomena cannot be adequately explained by simple 
bottom-up processing. This would include behaviours 
that demonstrate that we are not simply "receiving units" 
for incoming data, but that we are actively engaged in 
receiving, focusing, and filtering our input via our nu
merous top-down connections. One example may be 
those optical illusion posters constructed out of thou
sands of dots. They look just like thousands of dots but, 
if stared at long enough, specific images may emerge and 
subsequently the emergent images are readily seen. A 
personal experience of one of the authors might serve as 
another example. At a social engagement in the United 
States a woman approached her and began to speak in 
what seemed to be nonsense words. In desperation she 
looked to her companion for help, and he said "This is 
Kai, remember, I told you that she had lived in Denmark 
for a year?" As soon as that information was provided 
everything that the woman had previously said was 
suddenly comprehensible to the author (who speaks and 
understands some Danish). These types of top-downl 
bottom-up associations are likely to have considerable 
behavioral significance during language learning. 

Development of Synaptic Connections. During the 
last weeks in utero, the final stages of connectivity begin 
to take place in the form of the beginnings of a huge burst 
of synaptogenesis in the isocortex and its related struc
tures. Although gap junctions already connect some 
neurons and glial cells, and some conventional neu
rotransmitter synapses developed as the axons from 
neurons met the target neurons in their destination 
structures, a great surge in synapse production begins 
now (Huttenlocher & Dabholkar, 1997; see also Antonini 
& Shatz, 1990; Bourgeois & Rakic, 1993). This synapse 
burst continues after birth, and will be discussed in detail 
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in the section on postnatal events. However, the devel
opments during this period are the final steps necessary 
for creating a brain that is fully connected and capable 
oflearning. It is believed that one manner in which what 
we call "knowledge" can be strengthened or weakened by 
experience at the synapse, a phenomenon called Hebbian 
learning. In other words, synapses are formed or modi
fied as a function of experience. Connections intensify or 
weaken as a result of activity: the greater the activity the 
stronger and/or more numerous the synapse and vice 
versa. Because one might think of this outcome of the 
interaction of the brain and the environment as the 
physical representation of knowledge, some cognitive 
scientists argue that synaptic connectivity is the primary 
means by which knowledge is represented in the brain 
(Elman, Bates, Johnson, Karmiloff-Smith, Parisi, & 
Plunkett, 1996). From this perspective, an increase in the 
number of synaptic connections at this time is highly 
significant, because it provides many more opportuni
ties for this kind of learning than will be present later in 
life when experience has resulted in strengthening of 
some but elimination of other synaptic connections. In 
other words, birth is probably a time of optimal brain 
plasticity. All the components for learning are now in 
place, presumably functional, and likely already under
going some fine-tuning. At birth the human infant is 
fully capable of learning and may, in fact, have already 
learned about some conditions of the speech environ
ment that are useful for language learning (e.g., Mehler 
et al., 1988). 

Postnatal Events 

The immediate postnatal period is characterized by 
a continued burst in synaptogenesis and the accompany
ing overproduction of receptors for a great number of 
neurotransmitters. Neurotransmitters, as discussed 
above, are the chemicals released at the synaptic junc
tion, which affect the receiving cell in a specific manner. 
A number of these chemicals are implicated in chronic 
disorders such as Alzheimer's disease, Parkinson's dis
ease, and schizophrenia. The timing of the development 
of the connections between neurotransmitter-specific 
synapses and their receptors suggests that they are likely 
to have an important influence on learning, but our 
understanding of how they function is not yet sufficient 
to shed much light on the precise mechanism. However, 
the fact that the huge overproduction of synapses that 
occurs postnatally is accompanied by a similar overpro
duction of receptors supports the idea that the synapses 
that develop are functional. The next section will focus 
on the timetable of synaptogenesis from birth to adult
hood, without detailing information about neurotrans-

mitters and receptors that could be redundant and con
fusing. 

Synaptogenesis and Synapse Elimination. The rapid 
propagation of synapses that began toward the end of 
the first trimester speeds up around birth, overproduces 
by a large percentage (potentially reaching over 150% of 
the adult level) in the first six months of life, and then 
declines to the adult level (Huttenlocher & Dabholkar, 
1997; see also Zecevic & Rakic, 1991). Since this overpro
duction and pruning back occurs in the same time period 
as language development, it is a likely candidate in at
tempts to explain these events. In fact, in an earlier 
chapter on brain and language development, Bates, 
Thai, and Janowsky (1992) proposed specific relations 
between a number of early language development events 
and the subtractive events involved in pruning back 
synaptic connections to adult levels. In the period since 
that publication it has become apparent that our notion 
of overproduction followed by the subtractive events of 
axon retraction and synapse elimination were far too 
simplistic. Although the period of overproduction of 
synapses occurs primarily within the first postnatal 
months and the period of major subtraction or pruning 
occurs between two and five years of age (during a 
similar time period in monkeys, there is a loss of approxi
mately 5000 synapses each second in the visual cortex 
alone [Bourgeois, 1997]), the two processes actually co
occur over most of early postnatal development, and 
continue (albeit at much lower levels) throughout life. 

The timing of the rapid growth of synaptogenesis to 
just precede the onset of experience (that is, tied explic
itly to birth) occurs in most other primates as well. Since 
it occurs across so many species, prior to major sensory 
input from the environment, experience cannot be re
sponsible for the burst. It appears that the coordination 
of synapse hyper-production with mammalian birth is 
a product of evolution and, therefore, likely serves some 
adaptive purpose. What could that be, particularly for 
learning language? 

The combination of overproduction of synapses 
with subsequent elimination of some as a result of expe
rience with the environment provides two important 
advantages for learning: flexibility and ability to refine 
what has been learned. The increased flexibility of such 
a dynamic structure makes the kinds of structural changes 
necessary for evolutionary change more feasible 
(Innocenti, 1995), and might also account for the great 
variety of structure in the languages that have evolved. 
At the least, it provides a large supply of resources for a 
wide range of learning possibilities that mayor may not 
follow birth. Refinement is particularly important for 
language learning, and may be a significant advantage of 
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regressive events. By eliminating unused or less opti
mally placed connections, one may achieve greater accu
racy and speed despite the complexity of a particular 
cognitive task. This possibility receives support from 
computer simulations designed to test the consequences 
of overproduction of connections followed by experi
ence-based pruning (Elman et al., 1996). Input informa
tion is preserved more reliably in such networks than in 
simple feed-forward networks with stable numbers of 
connections in which "unused" connections are not re
moved, and networks that include regressive events al
low quicker transformations of complex data than do 
those with nonadjustable connective mechanisms 
(Adelsberger-Mangan & Levy, 1993, 1994). Even though 
production and pruning drops off as children mature, 
both processes continue to co-occur throughout life, 
providing the possibility of adjusting and improving on 
the initial connections. In other words, although plas
ticity is greatest when children are younger, and drops 
off significantly after adolescence, the mechanisms nec
essary for fine tuning old knowledge and acquiring new 
knowledge are still present in the mature human nervous 
system. Some level of plasticity is present throughout 
life. 

Interactions of Neural Events and Language 
Learning; Implications for the 

Prevention of Nonbiologically Based 
Language-Learning Difficulties. 

Figure 1 provides a more realistic view of the relation 
between brain development and language behaviour 
than the time-locked views that have been presented 
previously. Two points provide useful conclusions about 
the bidirectional influence of brain development, lan
guage learning, and prevention of early language learn
ing disorders: the capacity for learning is fully present at 
birth and learning changes the structure of the brain. 
These facts support some clear recommendations for 
prevention of language learning disorders. 

The capacity for learning is present by the time afbirth. 
There is now a large and varied literature that demon
strates what the neural development implies. Examples 
include research that demonstrates some learning in 
utero (Mehler et al., ] 988), the presence of rich percep
tual skills in the first weeks of life (Bertenthal & Clifton, 
1998; Kellman & Banks, 1998), and a capacity for rapid 
learning of arbitrary statistical patterns (including lan
guage-specific phonetic details) in the first months oflife 
(Saffran et al., 1996). The current state of tinder standing 
of the nervous system shows us that the brain of the 
newborn infant is fully capable of processing distributed 
patterns within and across modalities. Visual-motor 
mapping, auditory-motor mapping, etc., begin at the 
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latest, when the child is born. There also is no evidence 
to support the hypothesis that any region of the brain is 
inactive and awaiting a specific maturational signal or 
set of signals before being triggered. There are, of course, 
going to be reorganizations that look like qualitative 
changes in brain structure may have occurred (the vo
cabulary spurt and word combining, for example) but 
they are more likely to be the result of the way the brain 
has been used (i.e., a result of learning) than the sudden 
appearance of a new system. This leads us to the next 
insight. 

Learning changes brain structure. The recent litera
ture on the rich abilities of infants has made us aware that 
we have underestimated the power and speed oflearning 
that is present in young children, and forced a reconsid
eration of the extent to which children's behaviour is 
influenced by learning rather than innate biases about 
the nature of the physical and social world (Elman & 
Bates, ] 997; Seidenberg, 1997; Thelen & Smith, 1994, 
1998). There is now considerable evidence that learning 
itself changes the structure of the brain in infants and 
adults. For example, experience determines the course of 
synapse elimination. It also produces increases in syn
apse numbers. Greenough and colleagues have provided 
some excellent examples of these experience-driven 
changes in brain structure. In a series of studies rats were 
either raised in complex environments rather than tra
ditional sterile cages or they were involved in learning 
complex tasks. In both cases significantly greater in
creases in the density of dendrites and the ratio of syn
apses per neuron were observed in the "educated" or 
"enriched" rats than in controls (Black, Isaacs, Ander
son, Alcantara, & Greenough, 1990; Greenough, Hwang, 
& Gorman, 1985; Turner & Greenough, 1985). In addi
tion to the higher rate of synaptogenesis that was in
duced by the enriched environments, there were in
creases in populations of supporting cells, mitochondria 
volume (Sirevaag & Greenough, 1987), and vasculature 
branching (Sirevaag, Black, Shafron, & Greenough, 
1988). The latter two phenomena are considered to 
reflect increased metabolism (or brain activity). Al
though there is no direct evidence of such changes in the 
human brain, analysis of adult human brains after death 
that show a correlation between high levels of education 
and a greater number of dendritic branches (J acobs, 
Schall, & Scheibel, 1993) suggest that similar changes 
accompany learning in humans. Thus, if we ever do find 
clear neuroanatomical or neurophysiological correlates 
of language milestones, it may well be the case that the 
neurological changes have been induced by the language 
learning rather than vice versa, and the correlates of 
language delay may reflect the effect of the limitation in 
language ability on the brain. This has profound impli-
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cations for early prevention and intervention for 
nonbiologically based language-learning disorders. 

Implications for the prevention of language-learning 
difficulties. Given our current state of knowledge about 
the abilities of human infants and the development of the 
human brain, it is more than fair to conclude that input 
matters. The image of a sculptor creating a figure out of 
stone has been used in the past as a metaphor for the 
relation between learning and the important regressive 
events in brain development that are related to learning. 
If we replace the stone with clay, the metaphor still seems 

apt and, perhaps even more encouraging. Learning does 
shape the brain by removing nonessential connections 
so that skills can be refined and polished. However, if the 
shape isn't quite right, additional input can create new 
connections that will further refine the model. There are 
many reasons why children who have no known damage 
to their neural mechanism may develop language slowly. 
Among factors that have been implicated in highly re
spected research are low levels of conversational lan
guage (Hart & Risley, 1995, 1999), prolonged, repetitive 
bouts of otitis media (Friel-Patti & Finitzo, 1990; 
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Shriberg, Friel-Patti, Flipsen, & Brown, 2000), and a 
combination of otitis media and low responsiveness of 
the care-giving environment (Roberts, et al., 1998). 
There is also a large body of research that documents the 
effects of the amount and type of linguistic input from 
adults on language development in typically developing 
and language delayed populations (see Conti-Ramsden, 
1990; Gallaway & Richards, 1994; Girolometto, 
Weitzman, Wiigs, & Pearce, 1999; Hoff-Ginsberg, 1986; 
Kaiser & Hemmeter, 1996; or Yoder & Warren, 1998 for 
some examples). Taken together with our current un
derstanding of brain function, there is ample evidence 
that an environment that provides high levels of appro
priate input is the best tool for prevention of language 
delay in many children, and that increased and focused 
input for children with nonbiologically based delays will 
help to change the rate at which the children are learn
mg. 

This is not to imply that prevention is a simple 
matter of talking more to children (although the results 
described by Hart and Risley, 1999, suggest that it may 
be a major factor). Nor is it to imply that it is appropriate 
to use very nonfocused general play situations such as 
those that were labelled "language stimulation" in the 
past. There are a host of other considerations, such as 
conceptual level, memory, interest in interacting with 
others through imitation and/or to obtain things that 
the child needs or wants. Some of these require input that 
is not necessarily verbal in nature. Providing more en
riched environments should, given what we know about 
learning and the brain, create significant changes in all 
these areas, so long as the enrichments are carefully 
designed to meet a given child's linguistic, cognitive, and 
social levels. We already have evidence of the effects of 
enriching environments and teaching parents about the 
specific things that create enrichment for their children 
in the positive results of Project Headstart on children 
living in the United States. Additional evidence comes 
from research that has shown larger increases in vocabu
lary in children whose parents used symbolic (or recog
nitory) gestures in combination with words during the 
early period of word learning as compared to children 
whose parents talked to them just as much, but used no 
gestures (Acredolo & Goodwyn, 1988, 1990; Goodwyn, 
Acredolo, & Brown, in press). This is a good example of 
enrichment that is specific to the level at which the child 
is currently focusing their learning, that is, representa
tion of objects and events through some symbol system. 
Cross modal input appears to provide significant addi
tionallearning in this case. The enrichment possibilities 
are numerous and likely to be limited only by restrained 
imaginations in people responsible for creating them, 
whether they are professionals assigned to specific chil-
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dren or to policy makers whose responsibility it is to 
create funding and programs to prevent health care 
problems. 

Author Notes 
This work was partially supported by NIH grants 

number DC00482, DC01289, DC00089 to Donna ThaI, 
and NIMH postdoctoral research fellowship MN19389 
to Barbara Clancy. 

References 
Acredolo. L., & Goodwyn. S. (1988). Symbolic gestur

ing in normal infants. Human Development. 28. 40-49. 

Acredolo. L.. & Goodwyn. S. (1990). Sign language in 
babies: The significance of symbolic gesturing for under
standing language development. In R. Vasta (Ed.), Annals 
of child development (pp. 1-42). London: Jessica Kingsley. 

Adelsberger-Mangan, D. M .• & Levy, W. B. (1993). 
Adaptive synaptogenesis constructs networks that main
tain information and reduce statistical dependence. Biologi
cal Cybernetics, 70(1), 81-87. 

Adelsberger-Mangan, D. M., & Levy, W. B. (1994). The 
influence of limited presynaptic growth and synapse re
moval onadaptive synaptogenesis. Biological Cybernetics. 
7 J (5),461-468. 

Antonini, A., & Shatz. C. J. (J 990). Relationship be
tween putative neurotransmitter phenotypes and connec
tivity of subplate neurons during cerebral cortical develop
ment. European Journal of Neuroscience, 2, 744-761. 

Aslin, R. N .. Jusczyk, P. W .• & Pisoni, D. B. (1998). 
Speech and auditory processing during infancy: Con
straints on and precursors to language. In W. Damon 
(Series Ed.) and D. Kuhn and R. Siegler (Vol. Eds), Hand
book of child psychology: Vol. 2 Cognition, perception and 
language (5th ed., pp. 147-198). New York: WHey. 

Baillargeon, R., & Graber. M. (1988). Evidence of 
location memory in 8-month-old infants in a nonsearch AB 
task. Developmental Psychology, 24(4), 502-51 I. 

Bates, E., Benigni, L., Bretherton, I., Camaioni, L., & 

Volterra, V. (1979). The emergence of symbols: Cognition 
and communication in infancy. New York: Academic Press. 

Bates, E., Bretherton, I., & Snyder, L. (1988). From first 
words to grammar: Individual differences and dissociable 
mechanisms. New York: Cambridge University Press. 

Bates, E., Camaioni, L., & Volterra, v. (1975). The 
acquisition of performatives prior to speech. Merrill-Palmer 
Quarterly, 2 J, 205-226. 

Bates, E., Dale, P .• & ThaI. D. (1995). Individual 
differences and their implications for theories of language 
development. In P. Fletcher and B. MacWhinney (Eds.), 
Handbook of child language (pp. ). Oxford: Blackwell. 

Bates, E., & Goodman, J. (1997). On the inseparability 
of grammar and the lexicon: Evidence from acquisition, 

Revue d'orthOphonie et d'audlologie . VOl. 25, n°. 2, ete 20017 .. 



Brain Development and LangUage Learning· Thai & Clancy 

aphasia and real-time processing. Language and Cognitive 
Processes, 12(5/6), 507-586. 

Bates, E .. &Thal, D. (1991). Associations and dissocia
tions in child language development. In I. Miller (Ed.), 
Research on child language disorders: A decade of progress 
(pp. 147-168). Austin, TX: Pro-Ed. 

Bates, E., ThaI. D., Finlay, B .• & Clancy. B. (in press). 
Early language development and its neural correlates. In I. 
Rapin & S. Segalowitz (Eds), Handbook of neuropsychol
ogy, Vol. 7: Child neuropsychology (2 nd ed.). Amsterdam: 
Elsevier. 

Bates, E .• ThaI. D .. & Janowsky, J. (1992). Early 
language development and its neu ral correlates. I n I. Rapin. 
S. Segalowitz (Eds), Handbook of neuropsychology. Vol. 7: 
Child neuropsychology (pp. 69-1 10). Amsterdam: Elsevier. 

Bates. E., ThaI. D .• Trauner, D., Fenson, I .. Aram. D .• 
Eisele, I .. & Nass, R. (1997). From first words to grammar 
in children with focal brain injury. Developmental Neurop
sychology. 13, 275-344. 

Bates. E .• Thai, D .. Whitesell. K., Fenson. L., & Oakes, 
L. (1989). Integrating language and gesture in infancy. 
Developmental Psychology, 25(6), 1004-1019. 

Bauer. P., Hertsgaard. L., Dropik. P .. & Daly. B. (1998). 
When even arbitrary order becomes important: Develop
ments in reliable temporal sequencing of arbitrarily ordered 
events. Memory, 6(2). 165-198. 

Bayer, S. A. (J 982). Changes in the total number of 
dentate granule cells in juvenile and adult rats: a correlated 
volumetric and 3H-thymidine autoradiographic study. Ex
perimental Brain Research. 46(3), 315-323. 

Bayer. S. A. (J 983). 3H-thymidine-radiographic stud
ies of neurogenesis in the rat olfactory bulb. Experimental 
Brain Research, 50(2-3), 329-340. 

Bertenthal, B. I., Campos, ]. I., & Haith, M. M. (J 980). 
Development of visual organization: The perception of 
subjective contours. child Development, 51, 1072- 1 080. 

BertenthaL B.I.. & Clifton. R. K. (1998). Perception and 
action. In W. Damon (Series Ed.) and D. Kuhn and R. Siegler 
(Vol. Eds). Handbook of child psychology: Vol. 2. Cogni
tion, perception and language (5th ed., pp. 5 I-I 02). New 
York: WHey. 

Bertenthal. B. I., Proffitt. D. R., Spetner, N. B .. & 
Thomas, M. A. (1985). The development of infant sensitivity 
to biomechanical motions. Child Development, 56. 531 
543. 

Black. I. E., Isaacs, K. R .. Anderson. B. I., Alcantara, 
A. A .. & Greenough, W. T. (J 990). Learning causes 
synaptogenesis, whereas motor activity causes angiogen
esis. in cerebellar cortex of adult rats. Proceedings of the 
National Academy of Sciences USA, 87(14), 5568-5572. 

Bloom. L., Lightbown, L. & Hood, L. (1975). Structure 
and variation in child language. Monographs for the Society 
for Research in Child Development,40. Serial # 160. 

Bourgeois, I. P. (1997). Synaptogenesis, heterochrony 
and epigenesis in the mammalian neocortex. Acta Paediatrica 
Supplement, 422. 27-33. 

BourgeOiS. I. P .• & Rakic. P. (1993). Changes of 
synaptic density in the primary visual cortex ofthe macaque 
monkey from fetal to adult stage. Journal of Neuroscience, 
13(7),2801-2820. 

Boysson-Bardies, B .• Sagart, L., & Durand, C. (1984). 
Discernible differences in the babbling of infants according 
to target language. Journal of Child Language. I I, 1 IS. 

Bradshaw, I .. & Nettleson. N. (I 981). The nature of 
hemispheric specialization in man. Behavioral and Brain 
Sciences. 4. 51-91. 

Braine. M. D. S. (1976). Children's first word combina
tions. Monographs of the Society for Research in Child 
Development. Serial No. 164, Vol. 41: I. 

Brown. R. (1973). A first language. the early stages. 
Cambridge. MA: Harvard University Press. 

Brownell. C. (1988). Combinatorialskills: Conver-ging 
developments over the second year. ChildDevelopment, 59. 
675-685. 

Butterworth, G. (1990). Self perception in infancy. In D. 
Cicchetti & M. Beeghly (Eds.). The self in transition: Infancy 
to childhood (pp. 199-237). Chicago, IL: University of 
Chicago Press. 

Butterworth. G .• & larrett. N. (1991). What minds have 
in common is space: Spatial mechanisms serving joint 
visual attention in infancy. British Journal of Developmental 
Psychology, 9. 72. 

Cauller. L. (1995). Layer I of primary sensory neocor
tex: Where top-down converges upon bottom-up. Behav
ioral Brain Research, 7l(J -2), 163-170. 

Chapman, R. (2000). Children's language learning: An 
interactionist perspective. Journal of Child Psychology and 
Psychiatr & Allied Disciplines, 4 J, 33-54. 

Clancy, B .• Darlington. R. B .• & Finlay, B. L (2000). The 
course of human events: Predicting the timing of primate 
neural development. Developmental Science, 3. 57-66. 

Cohen. LB .• & Younger. B.A. (1983). Perceptual 
categorization in the infant. In EX Scholnick (Ed.), New 
trends in conceptual representation: Challenges to Piaget's 
theory? Hillsdale. NI: Erlbaum. 

Conti-Ramsden. G. (1990). Maternal recasts and other 
contingent replies to language-impaired children. Journal of 
Speech and Hearing Disorders. 55, 262-274. 

Dale. P. (1991). The validity of a parent report measure 
of vocabulary and syntax at 24 months. Journal of Speech 
and Hearing Research. 34. 565-571. 

Dale, P., Bates. E .• Reznick. I. S .• & Morrisset. C. 
(J 989). The validity of a parent instrument of child language 
at twenty months. Journal of Child Language. 16, 239-249. 

Darlington, R. B., Dunlop. S. A .• & Finlay. B.L. (1999). 
Commentary: Neural development in metatherian and eu
therian mammals: Variation and constraint. Journal of 
Comparative Neurology, 41 I. 359-368. 

DeCasper. A. I .. & Fifer. W. P. (J 980). Of human 
bonding: Newborns prefer their mothers' voices. Science. 
208. 1174-1 176. 

Diamond. A. (1985). Development of the ability to use 

72 Journal of Speech-language pathology and Audiology - Vol. 25, No. 2, Summer 2001 



recall to gUide action, as indicated by infants' performance 
on N. Child Development, 56(4), 868-883. 

Dollaghan, c., Campbell, T., Paradise, J., Feldman, H., 
Janssky, /., Pitcairn, D., & Kurs-Lasky, M. (J 999). Maternal 
education measures of early speech and language. Journal 
of Speech, Language, and Hearing Research, 42, 1432-
1443. 

Dore, J. (1974). A pragmatic description of early 
language development. Journal of Psycholinguistic Re
search, 4, 423-430. 

Eimas, P. D., Miller, j. L., & jusczyk, P. W. (J 987). On 
infant speech perception and the acquisition of language. In 
S. Harnad (Ed.), Categorical perception (pp. ). New York: 
Cambridge University Press. 

Elman, I. L., & Bates, E. (1997). Letters. Science, 276, 
I J80. 

Elman, I. L., Bates, E., Johnson, M., Karmiloff-Smith, 
A., Parisi, D., & Plunkett, K. (1996). Rethinking innateness: 
A connectionist perspective on development. Cambridge, 
MA: MIT Press/Bradford Books. 

Escaiona, S. (1973). Basic modes of social interaction: 
Their emergence and patterning during the first two years 
of life. Merrm-Palmer Quarterly, 19, 205-232. 

Feldman, H., Dollaghan, c.. Campbell. T., Kurs-Lasky, 
M., Janowsky, I., & Paradise, I. (2000). Measurement 
properties of the MacArthur Communicative Development 
Inventories at ages one and two years. Child Development, 
71, 310-322. 

Fenson, L., Bates. E .• Dale. P., Goodman, I., Reznick. 
I. S., & ThaI, D. (2000). Measuring variability in early child 
language: Don't shoot the messenger. Child Development, 
71, 323-328. 

Fenson, L., Dale, P., Reznick. /. S., Bates, E., Thai, D., 
& Pethick, S. (J 994). Variability in early communicative 
development. Monographs of the Society for Research in 
Child Development. Serial No. 242. Vol. 59. No. 5. 

Fenson. L., Dale, P., Reznick, /. S., ThaI, D., Bates, E., 
Hartung, I., Pethick, S., & Reilly, I. (1993). The MacArthur 
Communicative Development Inventories: User's guide and 
technical manual. San Diego, CA: Singular. 

Fenson. L., & Ramsay. D. (1981). Effects of model-ling 
action sequences on the play of twelve-, fifteen-,and nine
teen-month-old children. Child Development, 32, 1028-
1036. 

Finlay. B. L., & Darlington. R. B. (1995). Linked regu
larities in the development and evolution of mammalian 
brains. Science, 268(5217), 1578-1584. 

Friel-Patti, S., & Finitzo, T. (1990) Language learning 
in a prospective study of otitis media with effUSion in the first 
two years of life. Journal of Speech and Hearing Research. 
33, 188-194. 

Gal/away, R., & Richards. B. (I 994). Iput and interac
tion in language acquisition. Cambridge, UK: Cambridge 
University Press. 

Gibson, E. I., & Spelke, E. S. (1983). The development 
of perception. In I.H. Flavell. E.M. Markman (Eds). Cogni-

Brain Development and Language Learning· Thai & Clancv 

five development: Handbook of Child Psychology (vo!. 3. 
4th ed.). New York: Wiley. 

Girolometo. L.. Weitzman, E .• Wiigs, M., & Pearce, P. 
(I 999). The relationship between maternal language mea
sures and language development in toddlers with expres
sive vocabulary delays. American Journal of Speech-Lan
guage Pathology. 8. 364-374. 

Goldfield, B., & Reznick, I.S. (1990). Early lexical 
acquisition: Rate, content, and the vocabulary spurt. Jour
nal of Child Language. /7(1). 171 184. 

Goodman, J. c., & Bauman. A. (1995). Group unifor
mity and individual differences in the rate and shape of 
language development. Society for Research in Child Devel
opment Abstracts. 10, I 12. 

Goodman, I., Bates. E .• lahn, J., Appelbaum. M., 
Elman, /., & Carnavale, G. (1999. /uly). Early lexical 
development and the dynamics of change. Paper presented 
at the VIllth International Congress for the Study of Child 
Language. San Sebastian, Spain. 

Goodwyn, S .• Acredolo, L., & Brown, C. (in press). 
Impact of symbolic gesturing on early language develop
ment. Journal of Nonverbal Behavior. 

Greenough. W. T.. Hwang, H. M .. & Gorman, C. 
(1985). Evidence for active synapse formation or altered 
postsynaptic metabolism in visual cortex of rats reared in 
complex environments. Proceedings of the National Acad
emy of Sciences USA, 82( 13). 4549-4552. 

Haith, M. M. (1990, April). The formation of visual 
expectations in early infancy: How infants anticipate the 
future. In C. Rovee-Collier (Ed.), Abstracts of papers pre
sented at the Seventh International Conference on Infant 
Studies. Special issue of Infant Behavior and Development 
(vo!. 13, p. 1 1). Norwood, N/: Ablex. 

Haith, M. M., & Benson, I. B. (1998). Infant cognition. 
In W. Damon (Series Ed.) and D. Kuhn and R. Siegler (Vo!. 
Edsl. Handbook of child psychology: Cognition, perception 
and language (vo!. 2. 5th ed., pp. 199-254). New York: 
Wiley. 

Haith, M. M., Benson. I .• Roberts. R .• & Pennington. B. 
(Eds.). (1994). The development of future-oriented pro
cesses. Chicago, IL: The University of Chicago Press. 

Harris. P. L. (1983). Infant cognition. In M. M. Haith & 
/. /. Campos (Eds.), Infancy and the biology of development: 
Handbook of child psychology (vo!. 2, pp. 689-782). New 
York: Wiley. 

Hart, B., & Risley, T. (1995). Meaningful Differences in 
the everyday experience of young American children. Bal
timore, MD: Brookes. 

Hart, B., & Risley, T. (1999). The social world of 
children learning to talk. Baltimore, MD: Brookes. 

Hirsh-Pasek, K .• Kemler Nelson. D., /usczyk, P.W., 
Cassidy. K., Druss. B., & Kennedy. L. (1987). Clauses are 
perceptual units for young infants. Cognition, 26.269-286. 

Hoff-Ginsberg. E. (1986). Function and structure in 
maternal speech: Their relation to the child's development 
of syntax. Developmental Psychology. 22. 155-163. 

Revue d'orthophonle et d'audiologle - voL 25. n°. 2, ete 200175 



Brain Development and Language Learning - Thai & Clancy 

Honig, L. S., Herrmann, K., & Shatz, C J. (1996). 
Developmental changes revealed by immunohistochemical 
markers in human cerebral cortex. Cerebral Cortex, 6(6)' 
794-806. 

Horgan, D. (1979, May). Nouns: Love 'em or leave 'em. 
Address to the New York Academy of Sciences. 

Horgan, D. (1981). Rate of language acquisition and 
noun emphasis. Journal of Psycho linguistic Research, 10, 
629-640. 

Huttenlocher. P. R., & Dabholkar, A. S. (1997). Re
gional differences in synaptogenesis in human cerebral 
cortex. Journal of Comparative Neurology. 387(2), 167-
178. 

Innocenti, G. M. (1991). The development of projec
tions from cerebral cortex. Progress in SensoryPhysiology, 
12,65-114. 

lnnocenti, G. M. (1995). Exuberant developmentof 
connections, and its possible permissive role in cortical 
evolution. Trends in Neurosciences, 18(9). 397-402. 

Iverson, I., & ThaI, D. (1997). Communicative transi
tions: There's more to the hand than meets the eye. in A. 
Weatherby, S. Warren, & J. Reichle (Eds.), Transitions in 
prelinguistic communication: Pre-intentional to intentional 
and pre-symbolic to symbolic. Baltimore. MD: Brookes. 

Jacobs. B., Schall. M., & Scheibel, A. B. (J 993). A 
quantitative dendritic analysis of Wernicke's area in hu
mans. 11. Gender, hemispheric, and environmental factors. 
Journal of Comparative Neurology, 327(1), 97-111. 

Jahn-Samilo, I .• Goodman, J., Bates, E., Appelbaum, 
M., & Sweet, M. (J 999). Vocabulary learning in children 
from 8 to 30 months of age: A comparison of parental 
report and laboratory measures. Manuscript in prepara
tion. 

Jusczyk, P. W. (1997). Finding and remembering 
words: Some beginnings by English-learning infants. Cur
rent Directions in Psychological Science, 6(6), 170- 174. 

Jusczyk, P. W., Friederici, A. D., Wessels. I. M., 
Svenkerud, V., & Jusczyk. A. M. (J 993). Infants' sensitivity 
to the sound pattern of native-language words. Journal of 
Memory and Language, 32, 402-420. 

Kaiser, A., & Hemmeter, M. (J 996). The effects of 
teaching parents to use responsive interaction strategies. 
Topics in Early Childhood Special Education, 16, 375-407. 

Kandel, E. (2000). Brain and behavior. In E. Kandel, I. 
Schwartz, & T. lessell (Eds.), Principles of Neural Science. 
(4th ed.). New York: McGraw Hill. 

Kandel, E., Schwartz. J., & Jessell, T. (2000). Principles 
of Neural Science (4th ed). New York: McGraw Hill. 

Kellman. P. I .• & Banks, M. S. (1998). Infant visual 
perception. In W. Damon (Series Ed.) and D. Kuhn and R. 
Siegler (Vol. Eds), Handbook of child psychology: Cogni
tion, perception and language (vol. 2. 5th ed., pp. 103-146). 
New York: Wiley. 

Koch, C. & Davis, I. L. (1994). Large-scale neuronal 
theories of the brain. Cambridge, MA: MIT Press. 

Kornack, D. R., & Rakic. P. (J 999). Continuation of 

neurogenesis in the hippocampus of the adult macaque 
monkey. Proceedings of the National Academy of Sciences 
USA, 96(10).5768-5773. 

Kuhl, P. K. (1986). The special-mechanisms debate in 
speech: Contributions of tests on animals (and the relations 
of these tests using non speech stimuli). In S. Harnad (Ed.), 
Categorical perception. Cambridge University Press. 

Kuhl, P. K. (1993). Effects of linguistic experience in the 
first half-year of life: Implication for a theory of infant 
speech development. In D. de Boysson-Bardies et al. (Eds,), 
Developmental neurocognition: Speech and face processing 
in the first year of life. Dordrecht: Kluwer. 

Kuhl, P. K., & Meltzoff, A. N. (J 988). Speech as an 
intermodal object of perception. In A. Yonas (Ed.), The 
Minnesota Symposia on Child Psychology, Perceptual de
velopment in infancy (voJ. 20, pp. 235-266). Hillsdale, NI: 
Erlbaum. 

Kuhl, P. K., Williams, K. A., Lacerda, F., Stevens, K. N., 
& Lindblom, B. (1992). Linguistic experiences alter phonetic 
perception in infants by 6 months of age. Science, 255, 606-
608. 

Kuhn, H. G., Dickinson-Anson, H., & Gage, F. H. 
(1996). Neurogenesis in the dentate gyrus of the adult rat: 
Age-related decrease of neuronal progenitor proliferation. 
Journal of Neuroscience, 16(6), 2027-2033. 

Lalonde, C, & Werker, ). (1990). Cognitive perceptual 
integration of three skills at 9 months. In C Rovee-Collier 
(Ed.), Abstracts of the Seventh International Conference on 
Infant Studies, Special issue of Infant Behavior and Devel
opment 13, 464. Norwood, NJ: Ablex. 

Lenneberg, E. (J 967). Biological foundations of lan
guage. New York: WHey. 

Locke, J. L. (1983). Phonological acquisition and change. 
New York: Academic Press. 

Luskin, M. B. (J 998). Neuroblasts of the postnatal 
mammalian forebrain: Their phenotype and fate. Journal of 
Neurobiology, 36(2), 221-233. 

Mandler, I. (1983). Representation. In J. H. Flavell & E. 
M. Markman (Eds.), Cognitive development: Handbook of 
child psychology (voJ. 3, 4th ed.). New York:Wiley. 

Marchman V .. Miller, R., & Bates, E. (1991). Babble 
and first words in children with localized brain injury. 
Applied Psycholinguistics, 12,1-22. 

McCune-Nicolich, L (J 981). Toward symbolic func
tioning: Structure of early pretend games and potential 
parallels with language. Child Development, 52, 785-797. 

McCune-Nicolich, L., & Bruskin, C. (J 982). Combina
torial competency in play and language. In K. Rubin & D. 
Pepler (Eds,), The play of children: Current theory and 
research. New York: Karger. 

Meltzoff, A. N. (1988). Infant imitation and memory: 
Nine-month-olds in immediate and deferred tests. Child 
Development, 59, 217-225. 

Meltzoff, A. N., & Borton, R. W. (1979). Intermodal 
matching by human neonates. Nature, 282. 403-404. 

Meltzof£, A. N., & Moore. M. K. (J 979). Interpreting 

'4 Journal of speech-Language pathology and Audiology - Vol. 25, No. 2, Summer 2001 



"imitative" responses in early infancy. Science, 205, 2 17-
219. 

Mehler, J., lusczyk, P., Lambertz. G., Halstead, N .• 
Bertoncini, 1'0 & Amiel-Tison, C (1988). A Precursor of 
language acquisition in young infants. Cognition, 29(2), 
143-178. 

Menn, L. (1985). Phonological development: Learning 
sounds and sound patterns. In I. Berko Gleason (Ed'), The 
development of language. Columbus, OH: Charles E. MerrU!. 

Miller, B., Chou. L., & Finlay, BL (1993), The early 
development of thalamocortical and corticothalamic pro
jections. Journal of Comparative Neurology, 335( I), 16-41. 

Miller, J. F. (1981). Assessing language production in 
children: Experimental procedures. Baltimore, MD: Univer
sity Park Press. 

Mills, D. L., Coffey. S. A, & Neville, H. I. (1993). 
Language acquisition and cerebral specialization in 20-
month-old infants. Journal of Cognitive Neuroscience, 5, 
317-334. 

Mills, D. L., Coffey-Corina, S. A, & Neville, H. J. (1997). 
Language comprehension and cerebral specialization from 
13 to 20 months. In D. Thai & J. Reilly (Eds.), Special issue 
on Origins of Communication Disorders. Developmental 
Neuropsychology, 13(3), 397-445. 

Molnar, Z., Adams, R., & Blakemore, C (1998). Mecha
nisms underlying the early establishment of thalamocorti
cal connections in the rat. Journal of Neuroscience, 18( 15), 
5723-5745. 

Nelson, K. (1973). Structure and strategy in learning to 
talk. Monograph of the Society for Research in Child 
Development, 38, (I & 2, Serial #49). 

O'Connell, B., & Gerard, A. (1985). Scripts and scraps: 
The development of sequential understanding. Child Devel
opment, 56, 671 -681. 

O'Leary, D. D., Schlaggar, B. L., & Tuttle, R. (I 994). 
Specification of neocortical areas and thalamocortical con
nections. Annual Review of Neuroscience, 17, 419-439. 

Olswang, L.. & Bain. B. (I 996). Assessment informa
tion for predicting upcoming change in language produc
tion. Journal of Speech and Hearing Research, 39(2), 414-
23. 

Osofsky, J. D. (Ed'). (J 987). Handbook of infant devel
opment (2nd ed.). New York: Wiley. 

Paul, R. (1991). Profiles of toddlers with slow expres
sive language development. Topics in Language Disorders, 
11, 1-13. 

Paul, R. (1996). Clinical implications of the natural 
history of slow expressive language development. Ameri
can Journal of Speech Language Pathology, 5, 5-21. 

Peters, A. (J 977). Language-learning strategies: Does 
the whole equal the sum of the parts? Language, 53, 560-
573. 

Peters, A. (1983). The units of language acqUisition. 
Cambridge: Cambridge University Press. 

Piaget, J. (1954). The construction of reality in the child. 
New York: Ballantine. 

Brain Development and Language Learning - Thai & Clancy 

Piaget, J, (1962). Play, dreams and imitation. New 
York: Norton. 

Reilly, I., Bates, E., & Marchman, V. (1998). Narrative 
discourse in children with early focal brain injury. In M. 
Dennis (Ed,), Special issue, Discourse in children with 
anomalous brain development or acquired brain injury. 
Brain and Language. 61(3), 335-375. 

Rescorla, L. (1993) Outcome for toddlers with spe
cific expressive language delay (SELD) at ages 3. 4, 5, 6,7, 
& 8. Society for Research in child Development Abstracts, 
9, 566. 

Rescorla, L., & Schwartz, E. (1990). Outcome of 
toddlers with specific expressive language delay. Applied 
Psycho linguistics, 11, 393-407. 

Reznick. J. S, (I 988). Visual preference as a test of 
infant word comprehension. Unpublished manuscript. 

Reznick, J. S .. & Kagan. J. (1983). Category detection 
in infancy. In L Lipsitt (Ed.), Advances in infancy research 
(2nd ed .• pp. 41-1 1 I). Norwood, NJ: Ablex. 

Ring. E., & Fenson. L (in press). The correspondence 
between parent report and child performance for receptive 
and expressive vocabulary beyond infancy. Applied 
Psycholinguistics. 

Roberts, I .. Burchinal, M., zeisel, S., Neebe, E., Hooper, 
S .• Roush, J .. Bryant. D .• Mundy. M .• & Henderson, F. 
(1998). Otitis media. the caregiving environment, and lan
guage and cognition outcomes at 2 years. Pediatrics, 102, 
346-354. 

Saffran, E. M., Aslin. R. N., & Newport, E. L (1996). 
Statistical learning by 8-month-old infants. Science, 274, 
1926-/928. 

Schneider, W., & Bjorklund. D. (1998). Memory. In W. 
Damon (Series Ed.) & D. Kuhn & R. Siegler (Vo!. Eds.), 
Handbook of child psychology: Cognition, perception, and 
language (vo!. 2, 5th ed .• pp. 476-522). New York: Wiley. 

Seidenberg, M. S. (J 997). Language acquisition and 
use: Learning and applying probabilistic constraints. Sci
ence, 275(5306). 1599-1603. 

Shore, C (1986). Combinatorial play: Conceptual de
velopment and early multiword speech. Developmental 
Psychology. 22, 184-190. 

Shore, C, Bates, E., Bretherton, L. Beeghly. M .• & 
O·Connell. B. (1990). Vocal and gestural symbols: Similari
ties and differences from 13 to 28 months. In V. Volterra & 
C Erting (Eds.), From gesture to language in hearing and 
deaf children. New York: Springer-Verlag. 

Shore, C, O'Connell, C. & Bates. E. (I 984). First 
sentences in language and symbolic play. Developmental 
Psychology, 20. 872-880. 

Shriberg. L.. Friel-Patti. S., Flipsen, P., & Brown, R. 
(2000). Otitis media, fluctuant hearing loss, and speech
language outcomes: A preliminary structural equation model. 
Journal of Speech. Language. and Hearing Research, 43, 
100-120. 

Sirevaag, A. M .. Black, I. E., Shafron, D., & Greenough, 
W. T. (I988). Direct evidence that complex experience 

Revue d'orthophonle et d'audlologle - vol. 25. n°. 2. ete 200175 



Brain Development and Language Learning - Thai & Clancy 

increases capillary branching and surface area in visual 
cortex of young rats. Brain Research, 471(2), 299-304. 

Sirevaag, A. M., & Greenough, W. T. (1987). Differen
tial rearing effects on rat visual cortex synapses. Ill. 
Neuronal and glial nuclei, boutons, dendrites, and capillar
ies. Brain Research, 424(2), 320-332. 

Spitz, R. V., Stiles, I .. & Siegel, R. (1989). Infant use of 
relative motion as information for form: Evidence for 
spatial-temporal integration of complex motion displays. 
Project in Cognitive and Neural Development Technical 
Report #89-14. La lolla: University of California, San Diego. 

Stiles, I., Bates, E., Thai, D., Trauner, D., & Reilly, J. 
(1998). Linguistic, cognitive and affective development in 
children with pre- and perinatal focal brain injury: A ten
year overview from the San Diego longitudinal project. In C. 
Rovee-Collier, L. Lipsit, & H. Hayne (Eds.), Advances in 
infancy research (pp. 131-163). Norwood, NI: Ablex. 

Stiles, I., & ThaI. D. (1993). Linguistic and spatial 
cognitive development following early focal brain injury: 
Patterns of deficit and recovery. In M. lohnson (Ed.), Brain 
development and cognition: A reader (pp. 643-664). Ox
ford: Blackwell. 

Thai, D. (t 999, May). Late talkers: Are they at risk? 
Albert lohnson Research Award Lecture, San Diego State 
University, San Diego, CA. 

ThaI. D., & Bates, E. (J 989). Language and communi
cation in early childhood. Pediatric Annals, 18(5),299-306. 

ThaI, D., & Bates, E. (1990). Continuity and variation in 
early language development. In I. Colombo & I. Sagan 
(Eds.). Individual differences in infancy: Reliability, stabil
ity. and prediction (pp. 359-386). Hillsdale, NI; Erlbaum. 

ThaI, D., Bates. E., Zappia, M .. & Oroz, M. (1996). Ties 
between lexical and grammatical development: Evidence 
from early talkers. Journal of Child Language, 23, 349-368. 

ThaI, D., & Katich, ]. (1996). Predicaments in early 
identification of specific language impairment: Does the 
early bird always catch the worm? In K. Cole, P. Dale. & D. 
Thai (Eds.), Assessment of Communication and Language 
(pp. 1-28). Baltimore. MD: Brookes. 

ThaI. D., Marchman, V., Stiles. I., Aram, D., Trauner, 
D .• Nass. R., & Bates, E. (1991). Early lexical development 
in children with focal brain injury. Brain and Language, 40, 
491-527. 

Thai, D., O'Hanlon, L., Clemmons, M., & Fralin. L. 
(1999). Validity of a parent report measure of vocabulary 
and syntax for preschool children with language impair
ment. Journal of Speech. Language and Hearing Disorders, 
42, 482-496. 

Thai D., & Reilly, I. (j 997). Special issue: Origins of 
language disorders. Development I Neuropsychology, 13(3), 
233-238. 

ThaI, D., & Tobias, S. (1992). Communicative gestures 
in children with delayed onset of oral expressive vocabu
lary. Journal of Speech and Hearing Research, 35, 1281 
1289. 

Thai, D., & Tobias, S. (1994). Relationships between 
language and gesture in normal and late-talking toddlers. 
Journal of Speech and Hearing Research, 37, 157-171. 

ThaI. D., Tobias, S., & Morrison. D. (1991). Language 
and gesture in late talkers: A one-year follow-up. Journal of 
Speech and Hearing Disorders, 34,604-612. 

Thelen. E .• & Smith. L. B. (I 994). A dynamic systems 
approach to the development of cognition and action. 
Cambridge, MA: MIT Press. 

Thelen, E., & Smith, L. B. (J 998). Dynamic systems 
theories. In W. Damon (Series Ed.) and D. Kuhn and R. 
Siegler (Vo!. Eds), Handbook of child psychology: Theoreti
cal models of human development (vo!. 1, 5th ed., pp. 563-
634). New York: Wiley. 

Tomasello, M., & Call, I. (1997). Primate cognition. 
New York: Oxford University Press. 

Turner, A. M., & Greenough. W. T. (I 985). Differential 
rearing effects on rat visual cortex synapses. I. Synaptic 
and neuronal density and synapses per neuron. Brain 
Research, 329(1 -2), 195-203. 

Vicari, S., Albertoni, A., Chilosi, A., Cipriani, P., Cioni, 
G., & Bates, E. (1999). Plasticity and reorganization during 
early language learning in children with congenital brain 
injury (Tech. Rep. No. CND-990 I). La Jolla: University of 
California, San Diego, Center for Research in Language, 
Project in Cognitive and Neural Development. 

Werker, I .• & Tees, R. (J 984). Cross-language speech 
perception: evidence for perceptual reorganization during 
the first year of life. Infant Behavior and Development. 7, 

49-63. 

Werner, H .• & Kaplan, B. (1963). Symbol formation: An 
organismic-developmental approach to the psychology of 
language. New York: WHey. 

Whitehurst. G .. & Fischel. I. (1994). Earlydevelopmen
tal language delay: What. if anything, should the clinician 
do about it? Journal of Child Psychology & Psychiatry & 
Applied Disciplines, 35, 613-648. 

Wong, R. O. (1999). Retinal waves and visual system 
development. Annual Review in Neuroscience. 22, 29-47. 

Yoder, P., & Warren, S. (1998). Maternal responsivity 
predicts the prelinguistic communication intervention that 
facilitates generalized intentional communication. Journal 
of Speech. Language. and Hearing Research, 41, 1207-
1219. 

Zecevic, N •• & Rakic. P. (J 99 n. Synaptogenesis in 
monkey somatosensory cortex. Cerebral Cortex, 1 (6), 
510-523 . 

••• 
711 Journal of Speech-Language pathology and Audiology - Vo!. 25. No. 2, Summer 2001 




