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Abstract

Recent modeling of language development and intervention for children with disabilities has increasingly focused on the interactions
between adults and children. These models have resulted in a number of recent advances in the behavioral treatment of language abilities
in children with disabilities. Because these interventions are associated with substantial growth in a number of skills including speech,
grammar and vocabulary, these paradigms may provide a useful model for studying neurological development of these aspects of language.
The purpose of this paper is to discuss the potential neurodevelopmental ramifications of this type of theoretical model for facilitating
language growth in children with and without disabilities. Indeed, because intervention can sometimes trigger rapid advances in language
skills and presumably, associated neurological organization, this may prove to be a very useful paradigm for understanding the neurological
correlates of language growth.
© 2002 Published by Elsevier Science Ltd on behalf of ISDN.
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1. Introduction

There is a relatively large literature suggesting that behav-
ioral intervention for language disabilities often is associated
with relatively high levels of language growth (Leonard,
1998; Yoder and McDuffie, in preparation). Interestingly,
there have been relatively few attempts to examine these
behavioral shifts in terms of neural development (Mills,
1998). This may be due, in part, to the difficulty completing
dynamic neural imaging in young children. For example,
fMRI technology is not often used in preschool children.
This is problematic because the much of language growth
in many children with language learning disabilities occurs
prior to this age. Conversely, ERP imaging can be success-
fully completed in these children, but consistent, replicable
findings at a detailed level of analysis are difficult to find.
Because of this, specific models of neural development
associated with language growth could result in innovative
study designs that focus on predicted relationships between
behavioral change and neural organization. The purpose of
this review will be to provide an overview of key elements
of natural language development and behavioral interven-
tion that often result in relatively large treatment effects on
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standardized tests, and more importantly, with growth in
several key aspects of language, including grammar, seman-
tics, and phonology. These strong behavioral shifts often are
observed within a relatively short time period, suggesting
that any associated neural development may be relatively
dramatic. Indeed there are reports of growth equivalent to
several years of development within a few months (e.g.
Merzenich et al., 1996; Yoder and McDuffie, in preparation).

One perhaps useful way of modeling neural development
associated with language growth is to provide a description
of the behavioral aspects of intervention and speculate on
what this may mean for neural organization. TheSection 1.1
will include a description of one widely used model of
language intervention that may illustrate the potential asso-
ciations between behavioral shifts in language ability and
neural development processes. The following description of
the transactional model of speech and language development
is adapted from the presentation inCamarata and Gibson
(1999)andYoder and Warren (1993).

1.1. Transactional model of language acquisition

The debate on how children acquire language is ongoing,
with nativist accounts which minimize the importance of
language input (Chomsky, 1965, 1975; Pinker, 1984, 1989,
1994); contrasting with behavioral accounts that provide
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detailed observation of mother–child interaction and social
interaction characteristics that are believed to facilitate lan-
guage learning (cf.Conti-Ramsden, 1990; Hart and Risely,
1996; Moerk, 1992; Nelson, 1989; Shatz, 1983). These
elements include hundred of thousands of episodes of repet-
itive feedback to the child, extensive contextual support (i.e.
routines), contingent responses to child productions (i.e. at-
tention, verbal interaction), and reductions in the complexity
of maternal language directed to the child (Moerk, 1992;
Hart and Risely, 1996). The fundamental characteristic of
the transactional model of social interaction (Sameroff,
1975) is that learning opportunities are most salient when
they are coordinated in the learning environment (Nelson,
1989). More importantly from a social perspective, lan-
guage learning is viewed as an ongoing transaction in child
behaviors and parent behaviors that are mutually supporting
and lead to advances in the child’s language. A transaction
is defined as a collection of interactions that charge over
five wherein the adult and child affect one another. In this
model, aspects of the child’s productions prompt specific
classes of responses from the parent. These parent responses
are associated with language advances in the child, who
then prompts a set of more advanced responses from the
parent and so on, across the course of normal language
development (Yoder and Warren, 1993, for a discussion of
the pragmatics of prelinguistic transactions;Nelson, 1989,
for a discussion of the pragmatics of syntactic and morpho-
logical transactions andCamarata, 2000for a discussion

Fig. 1. The transactional model.

of the role of transactions in the social use of language in
children with specific language impairment (SLI)).

For example, when the child produces relatively frequent
and clear speech-like vocalizations, parents will often re-
spond with linguistic input (often lexical mapping;Locke
and Snow, 1997; Yoder and Warren, 1993). When the child
learns and uses early words, the parent often responds with
two and three word utterances. Similarly, when the child
strings two and three word utterances together, the par-
ent responses will often include grammatical morphemes
the child omitted (Nelson, 1989; Nelson et al., 1996). Al-
though it is difficult to determine causality in these kinds
of bi-directional associations, it is clear that a number of
factors often coalesce during language learning. Because
parent responses to child communication are a critical el-
ement in the transaction, the child’s linguistic initiations
are extremely important because these serve as antecedent
events that trigger the parent response (Moerk, 1992). Sim-
ilarly, in order for the transaction to occur, the linguistic
level of the parent’s response should add complexity to the
child’s form but also be sufficiently simple for the child
to process the added information. Although one study has
suggested that typically functioning children can learn lan-
guage structures that are relatively advanced within these
kinds of transactions (Nelson et al., 1996), there are sub-
stantially more data indicating that parent responses that are
slightly ahead of the child’s level are associated with lan-
guage growth (Nelson, Carskaddon and Bonvillian, 1973;
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Nelson, 1989and Yoder and Warren, 1993). The transac-
tional model is summarized inFig. 1 (adapted fromYoder
and Warren, 1993). This figure illustrates the spiraling na-
ture of language transactions as the child acquires new lin-
guistic structures within a social context.

This example illustrates how grammatical acquisition can
be facilitated within a series of transactions. These same
principles apply to speech-intelligibility (phonological)
acquisition as well (Camarata, 1996). Consider the follow-
ing example. A toddler toddles to the refrigerator and ges-
tures while saying “wa doo.” The social context indicates
that the child is requesting something from the refrigerator,
but the message is only partially intelligible. At this point,
most parents may make a guess about the child’s request.
In this case, they may say “want juice?” If the child acts
as if this is correct, the adult is likely to repeat the form:
“juice”, oh you want juice, here it is!” This latter point is
crucial in the transaction. The adult could have given the
child feedback on the incorrect mechanics of the produc-
tion by saying “no, it is not “du” you have to say a “j”
sound. Raise your tongue and release the air rather than
holding it.” Or perhaps “not du, juice, say j” in order to
model speech sound discrimination directly (as in Tallal
et al., 1996). These latter responses appear a bit absurd in
part because they are unnatural and there is no evidence
that parents train speech-intelligibility or speech discrimi-
nation in this way. Rather, speech-intelligibility and speech
discrimination acquisition appear to also follow a series of
transactions within a meaningful social context. Consider
the child’s task; they must generate an acoustic match using

Fig. 2. The transactional model applied to speech intelligibility and speech discrimination.

vocal folds that are shorter (and have a higher fundamental
frequency) than the adult within a smaller vocal track with
different resonant characteristics (Kent, 1993). Such acous-
tic matching and discrimination could also develop within
the massed trials of a series of transactions between the
adult and the child.Fig. 2provides an example of the trans-
actional model applied to speech intelligibility and speech
discrimination.

1.2. Relationship to neural development

One may be wondering how this behavioral model of de-
velopment and language intervention relates to developmen-
tal neuroscience. It appears to be widely accepted that visual
input from the environment and, more importantly, perturba-
tions in this input, can have a profound effect on the devel-
opment of the neural system (Bates and Dick, 2002; Schall,
1999). Similarly the literature is replete with examples of
neural plasticity during specific skill acquisition in primates
(Merzenich et al., 1991) and as a neurodevelopmental re-
sponse brain insult or other lesions or sensory deficits (Kaas,
2001; Neville, 1992). Given these parameters, it may be pos-
sible to examine the effects of adaptive transactions on the
brain (Merzenich, 2001).

Consider the example for speech intelligibility and
speech discrimination. In the transaction described above,
the child’s “wa du” was followed by the adult’s “want
juice.” This simple exchange potentially involves quite a
range of neurological systems. Minimally, there must be
discrimination of the speech sounds in the child and parent
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production. In this case, the differences include the deletion
of the final cluster “nt” in the word “want,” and substitution
of w/j and deletion of the “s” in the word “juice.” This
discrimination process has been associated with a number
of cortical functions in children and adults (Merzenich,
2001). For example, in a study of processing of meaningful
speech subjected to systematic time compression,Poldrack
et al. (2001)reported significant activation in the left in-
ferior frontal (Broca’s) and left superior temporal regions
(Wernicke’s), and the right inferior frontal cortex in the
adults studied during this task. One could speculate that
repeated exposure to the auditory contrast within a transac-
tion contest may generate the shifts in neural organization
described in primates and in humans when subjected to
decontextualized massed trials of auditory stimuli designed
to train discrimination of individual speech sounds (Kilgard
and Merzenich, 1998; Merzenich et al., 1996).

With regard to phonological output, increased accuracy in
the behavioral realm is likely also associated with shifts in
the neural organization associated with speech production.
This may parallel the report ofXerri et al. (1999)which
demonstrated that when a nonhuman primate was taught the
relatively simple task of finger tapping a motor sequence,
there were systematic changes in cortical areas 3b, 3a, 1, 2,
and SII, both in terms of numbers of cells dedicated to this
task and in terms of the recruitment of additional cortical
sites as the primate become more efficient with the task. One
could speculate that the improvements in motor speech pro-
duction are similarly associated with increased activation in
Broca’s area and perhaps in the recruitment of associated,
secondary speech areas. In addition, Sauger and Merzenic
(2000) have speculated that inefficient sensory representa-
tions can be directly associated with abnormal motor behav-
ior. Conversely, one can speculate that increasingly accurate
sensory representations (development of speech perception,
Ohde, 1997) may be directly related to increasingly accu-
rate motor production. Intervention paradigms that focus on
improving these sensory skills may be utilized to test these
hypotheses and study associated neural development as the
child becomes more proficient in phonological production
and perception.

Because this development occurs very quickly in young
children and is often largely completed before the child is
amenable to fine grained imagining techniques it has hereto-
fore been difficult to study the neurological correlates of
language development. However, some classes of disabili-
ties may prove interesting in this regard as they display ei-
ther uneven or slowed development. In addition, and per-
haps of even more use, the effects of specific treatments
designed to have a direct effect on one or more tightly
defined behaviors may yield a paradigm that allows for
study of the development of circuits and neural systems
at the child’s speech and language becomes more profi-
cient. Examples from two disability typologies, SLI and
also Down syndrome (DS) will be discussed to illustrate
this.

1.3. Specific Language Impairment: a promising
population for observing neural development
during language growth

SLI is defined as a weakness in the production of gram-
matical markers, vocabulary, complex sentences and/or the
social use of language in the absence of any neurological
insult, general mental retardation, or pervasive developmen-
tal disorder (such as autism) (see the review inLeonard,
1998). SLI includes the DSM-IV categories expressive lan-
guage disorder and mixed expressive-receptive language
disorder (APA, 1994). This is an intriguing population
because these children do not display general intellectual
deficits or behavior disorders and so could potentially co-
operate with the types of tasks often employed in neural
imaging. In addition, static imaging studies have failed to
turn up any replicated pattern of lesion (Plante, 1997, but
see also Trauner, 2001). But, many children with SLI who
have both grammatical (Leonard et al., 1992; Tallal et al.,
1985) and phonological disorders have been found to pro-
cess speech relatively poorly. Inefficient speech processing
may cause grammatical and phonological disorders because
such children may be less likely to develop rich represen-
tations of the grammatical or phonological rules underlying
intelligible, grammatical speech. Intervention studies have
indicated that children with SLI often respond favorably to
treatment and that rapid shifts in language skill are often
observed (Camarata et al., 1994). Note that this results in a
compressed time window for studying language acquisition
in children who are more mature and potentially more coop-
erative that younger typically developing children. That is,
treatment of SLI provides a unique opportunity to observe
language development and neural organization associated
with language development. Speculations abound on the
nature and relationship of sensory deficits and the output
difficulties (seeLeonard, 1998and alsoBishop, 1997), but
developmental neuroscience provides the paradigms for
ultimately unraveling these relationships.

1.4. Children with Down syndrome

Children with DS (Trisomy 21) often display a number of
developmental delays in physical, social, and mental devel-
opment. Preschoolers with DS tend to have deficits in pro-
ductive syntax and intelligibility that is below that expected
for their mental age, comprehension level, and even vocab-
ulary level (Miller, 1999; Miller and Leddy, 1999). Deficits
in short-term auditory memory have been hypothesized as
one cause of deficit grammatical production (Gathercole and
Baddeley, 1993; Chapman, 1995). Many believe that the
speech intelligibility problems of children with DS are due
to motor constraints (Miller and Leddy, 1999) and unique
vocal tract structures (Leddy, 1999). However, an alternative
or additional explanation is that impoverished phonological
knowledge due to inefficient speech processing could play
a role in poor intelligibility in these children.
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As described above, the transactional model emphasizes
language acquisition as an outcome of a large, accumulating
data-base of language experienced or used in communica-
tive contexts in which the speaker’s meaning is clear or
in which expectations can be confirmed or disconfirmed.
Information stored in memory that can later be accessed
as event representations that occur as a function of child
experience and talk about those experiences co-occurring
(Chapman et al. 1992). However, short-term auditory mem-
ory problems of many children with DS could make more
contexts sufficiently complex that processing of linguistic
input is compromised. For example, children with DS were
as able as mental-age-matched peers to fast map words in
a simple hiding game (Chapman et al., 1990), but not in a
more complex story-listening task (Chapman et al., 1991).
If short-term auditory memory deficits make many contexts
sufficiently complex that children with DS do not efficiently
process speech, both grammar and intelligibility would
suffer.

Citing the ChildTalk model, which is similar to the trans-
actional model in many ways, (Chapman, 1999) asserted
that using routine event contexts to support communicative
learning is expected to be especially effective in facilitating
acquisition and generalization in children with DS. Verbal
routines are familiar, predictable turn-taking conversations
or games in which both members of the dyad have spoken
turns (Yoder et al., 1995). Scripts are more sophistocated
verbal routines that have a particular sequence and often an
end-product. Both may aid children in processing linguistic
input because the repetitive nature and predictability of the
exchange increases their comprehension of adult utterances
and their role in the interaction (Shatz, 1983).

If this is true, then perhaps some aspect of ERP imaging
can be used to predict the speech-intelligibility and gram-
matical intervention outcome for children with DS that is
associated with behavioral treatment that includes routines
and follows the basic structure discussed in the transactional
model. The main components likely to be of interest are
N1 and mismatch negativity (MMN), because N1 is thought
to represent processes that detect transitions in the sensory
environment. MMN is observed as a deflection peaking be-
tween 200 and 300 ms in the difference waveform between
a deviant and background stimulus. MMN is thought to rep-
resent the detection of change by processes that compare a
current stimulus with a preceding stimuli. Within the frame-
work of the transactional model, for learning to occur, the
child must detect the difference between their own produc-
tion and that of the adult (hence, MMN) and more basically,
that a transition has occurred in the sensory environment
(hence, N1).

In children with SLI, no consistent relationship has
been found between latency of the auditory brainstem re-
sponse (ABR) components and language ability (Mason and
Mellor, 1984; Tonnquist-Uhlen, 1996), whereas, in DS there
are decreases in ABR latencies (Diaz and Zurron, 1995;
Seidl et al., 1997). It has been suggested that individuals

with DS have difficulty in habituating to stimuli. This may
be because the initial sensory information is inadequately
processed so that there is less information available to later
change detection processes. In other words, in DS the delay
in N1 may be a result of degradation of the input quality. It
has been suggested that the longer N1 latency in children
with SLI may be due to maturational delay, however, some
children with SLI do not show age related decreases in NI
latency (Tonnquist-Uhlen et al., 1996).

The MMN component has been shown to be a reliable
marker of auditory discrimination.Kraus et al. (1996)used
just-noticeable difference (JND) scores to group children
with SLI into “good” /ba/-/wa/ discriminators who were
“good” or “poor” /da/-/ga/ discriminators. A MMN was
found in all the difference waves for the /ba/-/wa/ contrast
and for the /da/-/ga/ contrast of “good” discriminators. No
MMN was found for the /da/-/ga/ contrast of “poor” dis-
criminators. In typical adults,Kraus et al. (1995)have also
shown that discrimination training results in larger magni-
tude MMN. The use of MMN to study children with DS has
yet to be pursued.

1.5. Conclusions

Although much is known about the behavioral develop-
ment of language in typically developing children and to
some extent in children with disabilities and there have in-
teresting and important inroads into the understanding of
the biological processes associated with neural organization,
the integration of the biological and the behavioral param-
eters remains a very intriguing area of inquiry (Merzenich,
2001). The purpose of this review has been to provide a the-
oretical framework for exploring the relationship between
speech and language development in children with disabil-
ities and the organization of neural resources as the child
becomes more proficient in speaking. Moreover, response to
behavioral treatment may prove to be a particularly useful
paradigm to study this question because tightly controlled
behavioral interventions allow for analysis of specific in-
put (as in the transactional model) as it relates to neural
changes. Because children with disabilities often display
slow development while also often responding favorably to
treatment, these children are likely to be important in under-
standing both normal and deviant neural development and
organization.
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