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It has been suggested that phonological working memory serves to link
speech comprehension to production. We suggest further that impairments in
phonological working memory may in�uence the way in which children
represent and express their knowledge about the world around them. In
particular, children with severe phonological working memory de�cits may
have dif�culty retaining stable representations of phonological forms, which
results in weak links with meaning representations; however, nonverbal
meaning representations might develop appropriately due to input from
other modalities (e.g., vision, action). Typically developing children often
express emerging knowledge in gesture before they are able to express this
knowledge explicitly in their speech. In this study we explore the extent to
which children with speci�c language impairment (SLI) with severe
phonological working memory de�cits express knowledge uniquely in
gesture as compared to speech. Using a paradigm in which gesture-speech
relationships have been studied extensively, children with SLI and
conservation judgement-matched, typically developing controls were asked
to solve and explain a set of Piagetian conservation tasks. When gestures
accompanied their explanations, the children with SLI expressed information
uniquely in gesture more often than did the typically developing children.
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Further, the children with SLI often expressed more sophisticated knowledge
about conservation in gesture (and in some cases, distributed across speech
and gesture) than in speech. The data suggest that for the children with SLI,
their embodied, perceptually-based knowledge about conservation was rich,
but they were not always able to express this knowledge verbally. We argue
that this pattern of gesture-speech mismatch may be due to poor links
between phonological representations and embodied meanings for children
with phonological working memory de�cits.

Children with speci�c language impairment (SLI) fail to acquire age-
appropriate language skills in the absence of clearly identi�able emotional,
neurological, visual, hearing, or intellectual impairments. While it has been
suggested that SLI is due to underlying linguistic de�cits (e.g., Clahsen,
1989; Gopnik & Crago, 1991; Rice, Wexler, & Cleave, 1995), there is
strong evidence to suggest that the language impairments seen in children
with SLI are secondary to de�cits in processing capacity (e.g., Bishop,
1992, 1997; Ellis Weismer, Evans, & Hesketh, 1999; Gathercole &
Baddeley, 1990a; Leonard, 1998). In particular, there is strong evidence
to suggest that children with SLI have particular de�cits in phonological
working memory capacity. Recent studies have shown that children with
SLI are signi�cantly worse than age-matched peers on nonword repetition
tasks, a paradigm used by Baddeley and colleagues as a direct measure of
phonological working memory (Dollaghan & Campbell, 1998; Edwards &
Lahey, 1998; Gathercole & Baddeley, 1990b; Montgomery, 1995). Further,
research suggests that poor phonological working memory, as measured by
these nonword repetition tasks, may be a phenotypic marker of language
impairments in these children (Bishop, North, & Donlan, 1996).

Phonological working memory has been argued to be key in the
processing and retention of language, in particular, retaining a stable
representation of the phonological forms of new words (e.g., Baddeley,
1986; Gathercole & Baddeley, 1993). Plaut and Kello (1999), in a recent
connectionist model of language acquisition, have suggested that
phonological representations are the key link between language compre-
hension and production during language acquisition. In the early stages of
language learning, before infants can learn to produce the articulatory
movements required for comprehensible speech, they must �rst extract
and maintain stable and accurate internal acoustic representations of
words from the ongoing stream of speech. These stable acoustic
representations must then be mapped onto their meaning representations
(e.g., semantics). In addition to linking the acoustic pattern of a word to its
meaning, infants also must map the meaning of the word to the articulatory
patterns required to produce the word. Plaut and Kello have suggested
that phonological representations are what enable the infant to accomplish
this link, during comprehension, between acoustic input and meaning
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representations, and during production, between meaning and articulatory
representations.

In Plaut and Kello’s model, phonological representations are not
prede�ned, but are distributed representations that evolve over time as a
result of the child’s active processing of language. It is the distributed
nature of the acoustic representations that allows a stable phonological
representation to emerge from the highly variable acoustic input. While
phonological representations are derived from the acoustic input, Plaut
and Kello suggest that semantic representations are derived from input
from other modalities (e.g., vision).

The idea that meaning representations are based on input from other
modalities (e.g., vision, motor activity, proprioception) is central to
embodied accounts of language and cognition. According to these
accounts, meaning is grounded in bodily and perceptual experiences, and
language comprehension and production are the activation and extraction
of these embodied meanings (Gibson, 1966; Glenberg, 1997; Glenberg &
Robertson, 1999; Iverson & Thelen, in press; MacWhinney, 1999). If one
extends Plaut and Kello’s notion of semantic representations to
incorporate embodied meaning representations, then language compre-
hension is the mapping of acoustic input onto stable, embodied meaning
representations via phonological representations. Production is the
expression of embodied meanings via articulatory movements derived
from phonological representations.

But what happens if a part of the developmental process is disrupted? In
particular, what happens to the child with SLI who has poor phonological
working memory abilities? It has been suggested that, when confronted
with novel words, the listener must rely upon phonological working
memory to encode and maintain the novel phonological sequence in an
undegraded form long enough to generate a stable long-term memory
representation of the sound structures of the words (Gathercole, 1995).
Plaut and Kello have suggested further that it is the phonological
representations themselves that ‘‘instantiate’’ the memory necessary to
map the acoustic patterns of words to meaning representations (p. 385).
Presumably then, the child with SLI who has dif�culty with nonword
repetition tasks might have been a child who, throughout the language
learning process, had dif�culty maintaining the phonological sequence of
novels words long enough to establish the links between meaning
representations, acoustic input, and articulatory patterns. However,
because other input modalities would not be impaired, the child’s meaning
representations would continue to develop appropriately.

In spontaneous language, meanings can be conveyed not only through
speech, but also through other avenues of communication, such as through
gesture. Very young typically developing children often rely on gestures
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when they are still limited in their verbal abilities (Acredolo & Goodwyn,
1988; Bates, 1979; Butcher & Goldin-Meadow, in press). In older, school-
age children, newly emerging knowledge is often expressed in gesture
before it is expressed in speech (Church & Goldin-Meadow, 1986; Perry,
Church, & Goldin-Meadow, 1988). Further, gestures and speech are often
integrated to express a speaker’s overall meaning (McNeill, 1992). Iverson
and Thelen (in press) have suggested that the tight integration of gestures
and speech is a manifestation of the embodiment of thought. In particular,
they propose that hand and mouth are tightly coupled in the mutual
cognitive activity of language. What does this idea suggest about children
with SLI? If these children have meaning representations that are intact
but poorly linked to phonological representations, might they express such
representations more readily in gestures than in speech?

To date, investigations of gesture use in children with SLI and toddlers
at risk for SLI have focused on these children’s ability to spontaneously
produce or imitate symbolic gestures (Hill, 1998; Thal & Bates, 1988; Thal,
O’Hanlon, Clemmons, & Fralin, 1999; Thal & Tobias, 1992; Thal, Tobias,
& Morrison, 1991). These studies suggest that both children with SLI and
toddlers at risk for SLI may have dif�culties generating and imitating
symbolic gestures as compared to typically developing peers. However, no
studies to date have focused on the nature of the relationship between their
verbal expression and spontaneous gestures, or more importantly, on the
extent to which children with SLI might rely adaptively on the use of
spontaneous gestures to express meanings they are unable to express
verbally.

One domain in which the relationship between gesture and verbal
expression has been extensively studied in typically developing children is
Piagetian conservation (Alibali, Kita, & Young, 2000; Church & Goldin-
Meadow, 1986). In a conservation task, a child is presented with two
objects that have equal quantities (e.g., two identical glasses with the same
amount of water). One of the objects is then transformed (e.g., water from
one glass is poured into a short, wide dish) and the child is asked to judge
whether the quantities are still the same or different. After the judgement,
the child is then asked to explain the judgement (i.e., to provide a rationale
for why the quantities are the same or different). When providing such an
explanation, children may express their knowledge in speech and in
gestures. In some cases, the meaning conveyed in gestures is the same as
that conveyed in speech. For example, a child may say, ‘‘The dish is
shorter’’, and simultaneously indicate the height of the dish in gesture by
holding a �at palm at the rim of the dish. In this example, both speech and
gesture convey information about the height of the dish.

In other cases, the meaning conveyed in children’s gestures differs from
that conveyed in speech. For example, a child may say, ‘‘The dish is
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shorter’’, but may indicate the width of the dish in gesture, by using a
cupped hand to demarcate the width of the dish. In this case, the child’s
gesture conveys a dimension, width, that is not expressed at all in the
child’s verbal explanation. Thus, information about width is conveyed
uniquely in the child’s gesture. In this latter example, if one considers only
the child’s speech, one might infer that the child focused only on the
object’s height, and did not understand that width is also relevant to the
quantity judgement. However, if one considers both speech and gesture,
one might infer that the child understands the principle of compensating
dimensions (i.e., that even though the dish is shorter, it’s also wider, so the
quantities are the same). In typically developing children, such ‘‘mis-
matches’’ between gesture and speech indicate their emerging under-
standing of conservation (Church & Goldin-Meadow, 1986).

The purpose of this study was to investigate the nature of the
relationship between speech and gesture in children with SLI. Speci�cally,
the goal of this study was to determine the extent to which children with
SLI, who have severe phonological working memory de�cits, express
knowledge uniquely in gesture as compared to speech in their explanations
of Piagetian conservation tasks.

METHOD

Participants

Eight children with SLI (ages 7;0 to 9;4; 4 girls and 4 boys) participated in
the study. One girl had dif�culty remaining focused on the tasks, so she
was excluded from the sample. The children all met the exclusion criteria
for SLI: (1) no hearing loss as measured by pure tone audiometry, (2) no
behavioural or emotional problems, (3) no demonstrable neurological
involvement, (4) no oral motor de�cits, and (5) nonverbal IQ at or above
chronological age, as measured by the Columbia Mental Maturity Scale
(CMMS; Burgemeister, Blum, & Lorge, 1972). The children also had
severe expressive language de�cits as measured by the Clinical Evaluation
of Language Functions–Revised (CELF-R; Semel, Wiig, & Secord, 1989).
All children with SLI were in a speech and language resource classroom,
were receiving speech and language services, and had not been exposed to
natural or arti�cial sign languages.

In addition, the children with SLI were selected to have severe auditory
working memory de�cits as measured by the Goldman–Fristoe–Woodcock
Test of Auditory Discrimination, a multisyllabic nonsense word repetition
task (Goldman, Fristoe, & Woodcock, 1980). A number of cognitive
processes are required for a child to successfully complete nonword
repetition tasks (e.g., Dollaghan, Biber, & Campbell, 1993; Gathercole,
1995). These include discriminating the acoustic signal, encoding the
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acoustic information into a phonological representation, and maintaining
that acoustic representation in working memory long enough to plan and
execute a verbal response. These nonword repetition tasks, regarded as an
index of phonological short-term memory, are strong predictors of a child’s
ability to learn nonword lexical items such as names for toys (Gathercole
& Baddeley, 1990b). It has also been argued that, for children with SLI,
they may be a reliable measure of children’s ability to form and/or store
phonological representations in working memory (e.g., Bishop et al., 1996;
Dollaghan & Campbell, 1998; Edwards & Lahey, 1998).

While the children’s nonword repetition scores were all below the 10th
percentile, their scores on a range of other standardised language measures
varied. The additional standardised language measures for each child
included: (1) the Peabody Picture Vocabulary Test (PPVT–R; Dunn &
Dunn, 1981), (2) the composite receptive language score of the Clinical
Evaluation of Language Fundamentals–Revised (CELF–R; Semel et al.,
1989), (3) verbal working memory as measured by the Competing
Language Processing Task (CLPT; Gaulin & Campbell, 1994), (4) compo-
site expressive language score of the CELF–R, and (5) mean length of
utterance (MLU) derived from a separate free play spontaneous language
sample. The scores for all of the standardised language test measures for
the children with SLI are shown in Table 1.

TABLE 1
Chronological age (CA), Mean Length of Utterancea (MLU), percentile scores for Non-
Word Repetition task (NWRP)b and PPVT± Rc , percent words recalled for CLPTd , and
standard scores for the composite expressive (ELS) and receptive language scores

(RLS) on CELF± Re for the children with SLI f

Child CA MLU NWRP PPVT–R CLPT ELS RLS
(Percentile) (Percentile) (%) (ss) (ss)

1 7;0 4.99 < 1 37 (7;7) 48 70 76
2 7;7 3.99 < 1 25 (7;6) 40 59 85
3 9;4 3.50 < 1 2 (8;4) 50 67 74
4 7;10 1.73 < 1 3 (7;11) 52 73 80
5 7;3 2.88 2 1 (7;2) 40 50 74
6 8;10 3.58 6 5 (7;10) 60 62 80
7 8;11 3.65 < 1 2 (8;6) 36 64 70

a Calculated from a 15-minute freeplay language sample.
b Goldman–Fristoe–Woodcock (1980).
c Peabody Picture Vocabulary Test–Revised (Dunn & Dunn, 1981).
d Competing Language Processing Test (Gaulin & Campbell, 1994).
e Clinical Evaluation of Language Fundamentals–Revised (Semel et al., 1989).
f With the exception of the PPVT–R, all tests were administered within 6 months of the

administration of the experimental tasks used in this study. Age at administration of the
PPVT–R is noted in parentheses in the table.
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Seven additional children (ages 6;5 to 7;7—5 girls and 2 boys) were also
selected to participate. The typically developing children were drawn from
a larger sample of children who had taken part in a previous, unpublished
study of children learning Piagetian conservation. No additional IQ or
standardised language tests were administered to these children; however,
they were in age-appropriate classrooms and had no known history of
atypical development. Each child with SLI was matched to a typically
developing child on the basis of the pattern of same and different
judgements they provided for six conservation tasks (see below). Selection
of the typically developing children was otherwise random among the
typically developing children whose judgement pattern corresponded to
each child with SLI. This matching strategy resulted in a typically
developing judgement-matched group that was somewhat younger than
the language-impaired group (mean chronological ages 7;0 vs. 8;1).

Procedure

Each child completed six Piagetian conservation tasks, including two liquid
quantity tasks, two length tasks, and two number tasks. The typically
developing children completed these tasks as part of a larger set of 18
conservation tasks, whereas the children with SLI completed the six
conservation tasks only. All six tasks used the same procedure, which was
based on that used by Church and Goldin-Meadow (1986), and which has
previously been used to study gesture production in children with
unilateral brain damage (Alexander, 1999). First, the child was presented
with two identical quantities (i.e., two identical glasses each containing the
same amount of water, two sticks of the same length, or two rows of six
checkers spaced approximately 1" apart). The experimenter then asked,
‘‘Are these two (glasses of water, sticks, sets of checkers) the same or
different (amounts, lengths, numbers)?’’ After the child veri�ed that the
quantities were the same, the experimenter then transformed one of the
quantities. The six transformations used in the study are listed in Table 2.
After the transformation, the experimenter asked, ‘‘Now, are these two
(glasses of water, sticks, sets of checkers) the same or different (amounts,
lengths, numbers)?’’ The child’s response to this question is termed the
child’s judgement. The experimenter then asked the child to explain his or
her judgement (‘‘How can you tell?’’ or ‘‘Why are they the same
(different)?’’). The experimenter probed the child for additional explana-
tions (‘‘How else can you tell?’’ or ‘‘Any other reason?’’) until the child
stopped providing explanations. The child’s responses to these questions
are termed the child’s explanations.

To assess the relationship between speech and gesture in children’s
explanations, we used the procedure developed by Church and Goldin-
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Meadow (1986), which involves independently evaluating the content of
the verbal and gestured explanations.

Coding verbal explanations

Children’s verbal explanations of the conservation tasks were transcribed,
and the content of the verbal explanations was coded using Church and
Goldin-Meadow’s (1986) system. Eight different types of strategies were
identi�ed in children’s spoken explanations. De�nitions and examples are
presented in Table 3. Conserving strategies (e.g., Identity, Compensation)
argue that the two quantities are the same after the transformation. Non-
conserving strategies (e.g., Comparison, Transformation) argue that the
two quantities are different after the transformation.

Coding gestured explanations

Children’s gestured explanations were transcribed and coded using the
system developed by Church and Goldin-Meadow (1986). The stream of
manual movement was segmented into individual gestures based on
changes in the shape, orientation, placement, or motion of the hand(s). A
meaning was assigned to each individual gesture. Strings of gestures were
then assigned to strategy categories. Six different types of strategies were
identi�ed in children’s gestured explanations. Examples are presented in
Table 3.

Coding the relation of gesture to speech

For each explanation, the relation of gesture to speech was classi�ed into
one of four categories: (1) speech alone, in which no gesture accompanies
the verbal explanation, (2) gesture used to indicate only, in which gesture
simply indicates the objects described in the accompanying speech, but
does not convey substantive information about the objects, (3) all gestured

TABLE 2
Tasks used in study

Quantity Transformation

Liquid quantity (water) Pour contents of one glass into a taller, thinner container
Pour contents of one glass into a shorter, wider container

Length (sticks) Move one stick so that its endpoint extends approximately
two inches beyond that of the other stick

Move one stick so that it is perpendicular to the other stick
Number (checkers) Spread or compress the checkers in one row, so that the two

rows differ in both length and density
Form one row of checkers into a circle shape
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information also in speech, in which gesture conveys substantive informa-
tion that is also conveyed in speech, or (4) some information unique to
gesture, in which gesture conveys some substantive information that is not
conveyed at all in speech.

Next, explanations in which some information was expressed uniquely in
gesture were further classi�ed into one of three categories: (a) speci�c, in
which gesture provides more speci�c information than speech, (b) overlap,
in which gesture expresses some of the information expressed in speech as
well as some additional, unique information, or (c) disjoint, in which
gesture expresses information that is completely distinct from that
expressed in speech. Examples of explanations in each of these categories
are presented in Table 4.

Reliability of coding procedures

Reliability was established by having a second coder evaluate a subset of
the data. Agreement between coders was 94% (N ˆ 70 explanations) for
coding strategies expressed in speech and 91% (N ˆ 43 explanations) for
coding strategies expressed in gesture. Agreement was 88% (N ˆ 50
explanations) for coding the relationship between gesture and speech.

RESULTS

The pattern of same and different judgements provided by each child
across the liquid, length and number conservation tasks is presented in
Table 5. As described above, the children with SLI and the typically
developing controls in this study were matched on their pattern of same
and different judgements across the tasks, so the pattern of judgements in
the control children was identical to that of the children with SLI. From
the set of 18 tasks administered to the children in the control group, the six
that we used in our analysis (those that corresponded to the tasks
administered to the children with SLI) were tasks, 1, 3, 4, 5, 6, and 9. No
differences were observed between children’s performance on the ninth
task and their performance on the other tasks. Children provided a
comparable number of explanations on the ninth task as on the other �ve
tasks (M ˆ 1.28 on the ninth task vs. M ˆ 1.26 on the others). Thus, there
was no evidence that the number of explanations dropped off as children
progressed through the set of tasks. Further, the rate at which children
produced gestures was comparable on the ninth task, which was a liquid
quantity task, and the �rst task, which was the other liquid quantity task
(M ˆ 0.27 gestures per word vs. M ˆ 0.20 gestures per word), F(1, 17) ˆ
1.04, p ˆ .32. Thus, there was no evidence that the pattern of gesture use
changed as children progressed through the set of tasks.
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The results are organised around three main questions. First, do children
with SLI produce gestures at a rate comparable to typically developing
judgement-matched children? Second, do children with SLI express
information uniquely in gesture more often than do typically developing
judgement-matched children? Third, do children with SLI express more
advanced understanding of conservation in their gestures than in their
speech? Note that all of the data analyses focus on children’s explanations
(i.e., their responses to the ‘‘How can you tell?’’ question), which followed
their conservation judgements. All of the children spontaneously produced
gestures with at least some of their verbal explanations.

Before exploring the nature of the speech-gesture relationship in the two
groups, we �rst examined the number of explanations children provided
for each task. The children with SLI were much more likely than the
judgement-matched typically developing children to provide additional
explanations when they were probed after their initial explanation.
Children with SLI provided an average of 2.55 explanations per task,
whereas judgement-matched children provided only 1.29, t(12) ˆ 5.39, p <
.001. These data suggest that, with prompting, children with SLI had more
to say about the conservation tasks than they expressed in their initial
explanations.

Do children with SLI produce gestures at a rate
comparable to judgement-matched typically
developing children?

Each explanation was coded as including gestures or not including
gestures. Children with SLI produced a greater proportion of explanations
without gesture than typically developing judgement-matched (JM)
children (SLI, 19%; JM, 8% of all explanations); however this difference
was not signi�cant, t(12) ˆ 1.84, ns, two-tailed. Across both groups,

TABLE 5
Number of same judgements (out of two) on the three types of
conservation tasks for children with speci® c language impairment
(SLI) and typically developing judgement-matched children (JM)

Child Liquid Length Number

SLI/JM
1 0 0 2
2 0 0 1
3 2 0 2
4 0 0 2
5 0 0 0
6 0 0 0
7 0 0 2
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explanations that did not include gestures tended to be very brief,
‘‘minimal’’ explanations of �ve words or fewer, such as, ‘‘because I
counted them’’ or ‘‘it got big one’’. Such brief explanations were more
common in children with SLI than in judgement-matched typically
developing children (SLI, M ˆ 23%; JM, M ˆ 8% of all explanations).

For explanations that included gestures, we then examined the rate at
which children in the two groups produced gestures. The rate of gestures
per 10 words was comparable in both groups (SLI, M ˆ 2.40, SE ˆ .13; JM,
M ˆ 2.14, SE ˆ .09), F(1, 13) ˆ 2.76, p ˆ .12.

Do children with SLI express information
uniquely in gesture more often than judgement-
matched typically developing children?

When children produced gestures, they could use gestures to indicate the
objects, to convey information that they also expressed in speech, or to
convey information that they did not express at all in speech. Figure 1

Figure 1. Distribution of explanations that include gesture for children with SLI and younger
judgement-matched typically developing children, classified according to whether gesture
serves only to indicate the task objects ( h ), gesture conveys information that is also expressed
in speech ( ), or gesture conveys unique information not expressed in speech ( ).
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presents the mean proportion of explanations of each of these three types
across all explanations that included gesture. As seen in the �gure, when
they produced gestures, children with SLI more often expressed some
information unique to gesture than did judgement-matched typically
developing children (SLI, M ˆ 54%; JM, M ˆ 29%), t(12) ˆ 2.58, p < .02,
one-tailed. These data are complicated by the fact that the proportions are
based on different numbers of responses for different children, with low Ns
in some cases. Therefore, to con�rm this �nding, we also compared the two
groups using a non-parametric test, the median test, which compares the
number of children in each group who are above versus at or below the
grand median. More of the children with SLI were above the median in
the proportion of explanations they produced that included some
information unique to gesture (SLI, N ˆ 6; JM, N ˆ 2), p < .05, Fisher’s
Exact (see Siegel & Castellan, 1988).

For explanations in which gesture conveyed information not expressed
in speech, we next examined the gesture-speech relationship at a �ner
grain. As noted above, the gesture-speech relationship was classi�ed as
speci�c for explanations in which the information expressed in gesture was
more speci�c than that expressed in speech. For example, on a water task,
one child said, ‘‘because this is bigger and this is smaller’’ while pointing to
the water level in the tall, thin glass, and then to the water level in the
untransformed glass. In this example, gesture conveys a more speci�c
dimension (level) than speech (size). The gesture–speech relationship was
classi�ed as overlap for explanations in which gesture expressed some of
the information expressed in speech, as well as some additional
information. For example, on a water task, one child said, ‘‘because you
put that in here’’ while making a pouring motion into the tall glass, and
then placed his �at palm at the top of the tall glass. In this example, gesture
conveys some of the information expressed in speech (the water was
poured into the tall glass), as well as some additional information (the
height of the tall glass). Finally, the gesture–speech relationship was
classi�ed as disjoint for explanations in which gesture conveyed completely
different information from speech. For example, on a number task, one
child said, ‘‘because these still have six and these still have six’’ while
tracing the round shape of the transformed row of checkers and the
straight shape of the untransformed row of checkers. In this example,
speech conveys information about the number of checkers in each of the
rows, and gesture conveys completely different information about the
shapes of the rows.

Table 6 displays the proportion of explanations that included gesture
that were classi�ed into each of these three categories. As seen in the table,
children with SLI produced overlapping information in gesture three times
as often as judgement-matched typically developing children (median test,
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p < .02, Fisher’s Exact), and disjoint information in speech and gesture
twice as often as judgement-matched children (median test, p ˆ .13,
Fisher’s Exact).

Thus, children with SLI expressed information uniquely in gesture more
often than judgement-matched typically developing children. We have
suggested that this pattern of gesture-speech mismatch seen in the children
with SLI can be attributed to their poor phonological working memory, on
which basis the participants were selected. This pattern of gesture use
might alternatively relate more strongly to severity of impairment in some
other language domain, such as receptive vocabulary. Pearson pairwise
correlation coef�cients revealed that none of the correlations between the
standardised language indices (see Table 1) and the proportion of
explanations in which children with SLI expressed information uniquely
in gesture were signi�cant (PPVT, r ˆ .63, ns; MLU, r ˆ .38, ns; CLPT, r ˆ
¡.48, ns; ELS, r ˆ ¡.09, ns; RLS, r ˆ ¡.16, ns).

Do children express more advanced reasoning in
speech and gesture together than in speech alone?

The preceding analyses indicate that children with SLI have knowledge
about conservation that is expressed in gestures but not speech. We next
examined the nature of this ‘‘hidden knowledge’’ about conservation.
Would children’s gestures reveal more advanced knowledge about
conservation than their speech? To address this question, we examined
when and how often children expressed conserving knowledge in their
explanations. As noted above, conserving strategies are strategies that
justify why the quantities have the same amount. They include strategies
that focus on the identity or initial equality of the quantities, the
compensation of two dimensions, or the reversibility of the transformation.
Examples of conserving strategies are presented in Table 3.

We �rst counted the number of times that children expressed conserving
strategies in their verbal explanations of the tasks. As seen in Figure 2 (left

TABLE 6
Proportion of explanations (mean and standard errors) that
included gestures characterised by each type of gesture± speech
relationship for speci® cally language impaired (SLI) and typically

developing judgement-matched (JM) groups

Type of explanation SLI JM
M (SE) M (SE)

Specific 0.14 (.05) 0.13 (.06)
Overlap 0.18 (.04) 0.06 (.06)
Disjoint 0.23 (.05) 0.11 (.05)
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set of bars), on the �rst explanation for each task, children with SLI
produced slightly (though not signi�cantly) fewer conserving strategies
than the younger judgement-matched children, t(12) ˆ 1.31, p ˆ 0.22.
When all verbal explanations were considered (middle set of bars),
children with SLI produced slightly (though not signi�cantly) more
conserving strategies than the younger judgement-matched children,
t(12) ˆ 0.51, p ˆ .62.

The crucial comparison considers whether children’s gestures revealed
conserving strategies that they did not express in speech. We assessed the
number of conserving strategies that each child produced when both
modalities (speech and gesture) and all explanations were considered. In
this analysis, we included both conserving strategies that children
expressed uniquely in gesture (e.g., on a water task, gesturing about both
the height and width of a particular container while talking about only the
height of the container) and conserving strategies that were distributed
across speech and gesture in a single explanation (e.g., on a water task,
gesturing about only the width of a particular container while talking about
only the height of the container). As seen in Figure 2, in their explanations,
when both speech and gesture were considered, children with SLI
produced more conserving strategies than when only verbal explanations

Figure 2. Number of conserving strategies (means and standard errors) expressed by
children with SLI and younger judgement-matched typically developing children across the
set of six tasks, in the first verbal explanation for each task (left), in all verbal explanations
(middle), and in all verbal and gestured explanations (right).
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were considered, paired t(6) ˆ 3.38, p < .02. Further, when both
modalities were considered, children with SLI produced signi�cantly more
conserving strategies in their explanations as compared to the younger
judgement-matched children, t(12) ˆ 1.73, p ˆ .05, one-tailed.

DISCUSSION

This study investigated the relationship between gesture and speech in
Piagetian conservation tasks for children with SLI who had phonological
working memory de�cits and for judgement-matched typically developing
children. While the children with SLI produced slightly more brief
explanations that did not include gestures, when they produced gestures,
the children with SLI expressed unique information in gesture signi�cantly
more often than did judgement-matched children. Thus, the nature of the
relationship between speech and gesture appears to differ in children with
SLI who have de�cits in phonological working memory as compared to
typically developing children. Further, in this study, the children with SLI
often expressed more sophisticated knowledge about conservation in
gesture (and in some cases, distributed across speech and gesture) than in
speech. Thus, our data suggest that for these children with SLI, their
embodied, perceptually-based knowledge about conservation was rich, but
they were not always able to express this knowledge verbally. We have
argued that this pattern of gesture-speech mismatch may be a result of
poor links between phonological representations and embodied meanings
for children with phonological working memory de�cits like the
participants in this study.

Church and Goldin-Meadow (1986) have observed a similar pattern of
mismatch between speech and gesture in typically developing children who
are on the brink of learning to conserve. They found that children who
frequently conveyed additional information in gesture were particularly
receptive to instruction about conservation. In their view, frequent
mismatches of speech and gesture are an index of transitional knowledge
states (see also Perry et al., 1988). One interpretation of Church and
Goldin-Meadow’s �ndings is that children whose knowledge is ‘‘transi-
tional’’ have knowledge about the tasks that is represented in a nonverbal,
perceptual format. According to this view, children initially acquire
knowledge in a nonverbal format, and over developmental time, this
knowledge then becomes re-represented in an explicit, verbalisable form.
Indeed, the redescription of knowledge from one format to another may be
a hallmark of transitional knowledge states (Alibali & Goldin-Meadow,
1993; Karmiloff-Smith, 1986, 1992). Thus, Church and Goldin-Meadow
argued that the relation between gesture and speech might serve as an
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index not only of children’s ‘‘readiness’’ to learn about conservation, but
more broadly as an index of transitional knowledge.

It is possible that the children with SLI in this study, who also
frequently conveyed additional information in gesture, were in a similar
transitional knowledge state with regard to their conservation knowledge
as well. Previous studies have documented delays in the acquisition of
conservation among children with language impairments, even when
conservation is assessed using nonverbal tasks. For example, Siegel and
colleagues used an operant conditioning paradigm to test concrete
operational reasoning in children with SLI and age-matched peers (Siegel,
Lees, Allan, & Bolton, 1981). They found that children with SLI were less
likely to demonstrate concrete operational reasoning on conservation and
seriation tasks than peers. Similarly, Kamhi (1981) found that 5-year-old
children with SLI showed poorer understanding of number conservation
than age-matched peers. However, Johnston and Ramstad (1983) found
that some children with SLI do eventually acquire explicit, verbal
knowledge about conservation, but at a much slower rate than typically
developing children.

One possibility is that, for both children with SLI and typically
developing children, the mismatch between knowledge conveyed in
gestures and in speech may signal somewhat weak links between embodied
knowledge and verbally explicit representations. We suggest that, for
children with SLI, embodied meaning representations may evolve in
advance of and possibly independently of phonological representations,
due to input from other modalities. According to Plaut and Kello (1999),
the typically developing child’s phonological representations evolve over
time through repeated exposure to speech input. It might be that for
children with SLI who have poor phonological working memory de�cits,
their exposure to speech input has been insuf�cient to develop stable
phonological representations. Thus children with SLI might require more
exposure to speech input as compared to their typically developing peers
before they are able to develop stable phonological representations that
can then be linked to embodied meanings, resulting in a prolonged state of
transitional knowledge for these children. There is support for this idea in
studies of lexical learning in children with SLI. While there is some
inconsistency in the �ndings (Dollaghan, 1987), it has been reported that
these children are less likely to incidentally learn new words quickly as
compared to their age-matched peers (Rice, Buhr, & Nemeth, 1990). In
particular, research suggests that these children require increased
exposures to a new word before they show evidence of learning it (Rice,
Buhr, & Oetting, 1992). Thus, children with SLI may express different
information in speech and gesture for an extended period of time because
they need increased exposure to language input in order to translate
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embodied knowledge into a more explicit verbal format. We plan to
explore this hypothesis in future work.

Alternative accounts of SLI have been put forth that suggest that the
de�cits observed in linguistic and non-linguistic tasks in children with SLI
are not due to phonological working memory de�cits, but are due to
limitations in general processing capacity (e.g., Johnston, 1994; Leonard,
1998). For example, Leonard (1998) has suggested that the de�cits seen in
children with SLI are secondary to impairments in their ability to
simultaneously process the acoustic patterns of bound morphemes and
derive their grammatical function before the acoustic pattern disappears
from memory. In addition, Johnston and colleagues (e.g., Johnston &
Smith, 1989) have proposed limited processing capacity as an account of
cognitive de�cits seen in children with SLI, arguing that overall
information processing factors may be more critical than language speci�c
factors. These limited processing accounts of SLI are not incompatible
with the �ndings from this study. It has been argued that gestures may help
speakers manage resource demands (Goldin-Meadow, in press). In
particular, it has been suggested that gestures externalise some informa-
tion, which helps speakers to manage cognitive load (Alibali & DiRusso,
1999). Further, some evidence suggests that speakers produce gestures that
mismatch speech whey they are working at the limits of their processing
capacity (Goldin-Meadow, Nusbaum, Garber, & Church, 1993). It may be
that the children with SLI in this study often produced gestures that
conveyed different information from speech because they were at the
limits of their processing capacity, due to the cognitive and conversational
demands of the task.

In particular, it is noteworthy that the children with SLI were more
likely than the typically developing children to provide additional
explanations when they were probed after their initial explanation
(‘‘How else can you tell?’’). It might be that the children with SLI were
unable to simultaneously process the verbal request of the examiner and
verbally formulate their entire conceptual understanding of the task in a
single response, and they needed the additional probes on the part of the
examiner to express their full conceptual knowledge. This is consistent
with studies of the conversation abilities of children with SLI. In particular,
in conversations with adults, children with SLI are more likely to respond
to an adult with a minimal, elliptic response (Johnston, Miller, Curtiss, &
Tallal, 1993). However when given additional opportunities to respond, or
when conversational demands are reduced, children with SLI are more
likely to add information in their subsequent responses (e.g., Evans, 1996;
Leonard, 1986; Van Kleeck & Frankel, 1981). Alternatively, however, it is
possible that in this study the children in the two groups interpreted the
communicative intent of the additional probe questions differently (see



328 EVANS ET AL.

Siegal, 1997; Siegal & Waters, 1988, for discussion). The children with SLI
may have interpreted the experimenter’s repeated questioning as an
indication that their initial explanation was inadequate, so they may have
attempted to provide another (hopefully more adequate) explanation. The
typically developing children appeared to interpret the experimenter’s
probe question as a simple request for additional information, and they
seemed quite comfortable indicating that they had no other reasons for
their judgement. This issue needs to be explored further in future work.

In this paper, we have suggested that phonological working memory
de�cits critically affect the developmental organisation of phonological
representations and their links to embodied knowledge for children with
SLI. Further, we have suggested that impairments in phonological working
memory may play a role in the extent to which children with SLI express
knowledge uniquely in gesture. These suggestions should be taken
tentatively. First, the protocol was not completely identical for both
groups of children (as noted above, the judgement-matched group
completed the tasks as part of a larger study). Second, although the
correlations between the degree of gesture-speech mismatch and language
indices were not signi�cant for the children with SLI, one cannot rule out
the possibility that language indices other than phonological working
memory might be related to the unique gesture-speech pro�le seen in these
children. For example, receptive language abilities have been shown to be
highly correlated with nonword repetition abilities in prior work (e.g.,
Gathercole & Baddeley, 1990a). In the current study, for two of the
children with SLI, receptive vocabulary abilities were assessed approxi-
mately a year prior to the completion of the conservation tasks. One would
anticipate that for these two children, even very low PPVT–R scores would
improve over the course of the school year. Thus, it is possible that
receptive language abilities might also relate to the unique gesture-speech
pro�le seen in these children. Future research is needed to replicate the
�ndings in this study with a larger group of children with SLI who have a
wider range of phonological working memory abilities, and with an
identical protocol for both groups of children.

In sum, this study showed that, when they produced gestures, children
with SLI expressed knowledge uniquely in gesture more often than
judgement-matched typically developing children. Thus, patterns of
gesture-speech integration differ in children with SLI and children who
are developing typically. Further, children with SLI often conveyed more
advanced reasoning in gesture than in speech. Our results suggest that
phonological working memory de�cits may have consequences for
children’s ability to translate embodied knowledge into a verbally explicit
format. Based on these �ndings, we suggest that children with SLI may
represent their knowledge in a format that is more readily accessible to
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gesture, and less readily accessible to verbal expression. As a result,
children with language impairments may express their knowledge in ways
that are qualitatively different from typically developing children.
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