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Chapter 1

Giving the Mind a Hand:
The Role of Gesture:
in Cognitive Change .

Susan Goldin-Meadow
University of Chicago .

Many generations of developmental psychologists have documented the
changes children exhibit as they are transformed from less knowledgeable
into more knowledgeable members of their cultures. Documenting the
changes is comparatively easy. It is accounting for these changes that con-
tinues to challenge developmentalists.

Even in domains where scholars are relatively comfortable granting the
child some amount of innate knowledge (e.g., language, number, cf.

* Gelman- & Williams, 1998), the problem of learnmg and change is not

solved. Children need some way of cashing in on the knowledge they
bring to the learning situation. For example, if we were to grant children a
predisposition to develop communication systems equipped with noun-
like and verb-like units (cf. Goldin-Meadow, Butcher, Mylander, & Dodge,
1994), children are still faced with the task of identifying nouns and verbs
in the particular language they are learning. Thus, by anybody’s account
of development, we need to identify mechanisms of change.

Some mechanisms of change may be specialized according to domain,
with different mechanisms for domains in which children come to the
learning situation with more or less innate structure (core as opposed to
noncore domains in Gelman and Williams’, 1998, terms). Mechanisms
of change need not be specialized, however. The same processes could
function in areas that children are more or less prepared to learn. For ex-
ample, structure mapping—the tendency to find and map inputs to our

‘existing mental structures (Gentner, 1989)—has been proposed as a
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6 GOLDIN-MEADOW

mechanism to explain learning in both core and noncore domains (Gel-
man & Williams, 1998).

Here, I consider a set of mechanisms that, in principle, could apply to
all domains. The versatility of these mechanisms comes in large part from
the fact that the central ingredient is the spontaneous gesture that accom-
panies talk. Gesture is a pervasive phenomenon, found across cultures
(Feyereisen & de Lannoy, 1991), ages (McNeill, 1992), and a wide variety
of tasks (Iverson & Goldin-Meadow, 1998a). Even congenitally blind chil-
dren who have never seen others gesture move their hands spontaneously
as they speak (Iverson & Goldin-Meadow, 1997; 1998b). In our previous
work, we showed that learners’ gestures are distinctive at moments of tran-
sition in their acquisition of a task (Goldin-Meadow, 1997; Goldin-Mea-
dow, Alibali, & Church, 1993), thus associating gesture with periods of
greatest change.

Identifying the mechanisms responsible for change is perhaps most eas-
ily accomplished at moments when change is imminent. Indeed, an entirely
new type of study—the microgenetic study (Siegler & Crowley, 1991)—has
grown up in large part to allow researchers to focus on the small steps learn-
ers take in their acquisition of a task, particularly the steps just prior to
progress (e.g., Karmiloff-Smith, 1992; Kuhn, Garcia-Mila, Zohar, & Ander-
sen, 1995; Siegler & Jenkins, 1989). The goal of microgenetic studies is to
examine the learner, not just prior to and after instruction as in traditional
training studies, but throughout the learning process. Such studies promise
to offer insight into the period of transition itself.

The results of previously conducted microgenetic studies provide hints
that transitional moments may not be completely captured in children’s
verbalizations. For example, Siegler found that prior to the acquisition of
a new strategy, children become less articulate in speech (Siegler & Jen-
kins, 1989), and may behave as if they know a strategy although they have
no verbal insight into the strategy (Siegler & Stern, 1998). Indeed, there is
evidence that, prior to the acquisition of a task, children can demonstrate
knowledge through nonverbal means that is not at all evident in their
more explicit behaviors. For example, Siegler (1976) found that; although
both 5- and 8-year-olds used a weight-only rule in solving a series of bal-
ance-scale problems, the 8-year-olds produced head movements that indi-
cated they were also aware of the weights’ distance from the fulcrum; the
5-year-olds gave no such evidence and made significantly less progress on
the task. As a second example, Clements and Perner (1994) found that,
through eye glances, children provided some awareness of the correct an-
swer to a theory-of-mind task, an answer that they gave no evidence of in
their speech. These findings suggest that nonverbal indices might go be-
yond speech in offering insight into moments of change and, perhaps
then, into the processes that underlie change.
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Our previous work has confirmed these suspicions—gestur_e, particu-
larly when considered in relation to the speech it accompanies, can be
used to identify when a child is in a transitional state. Specifically, children
whose gestures often convey different information from their speech
about a task, when given instruction, are likely to make progress on that
task. In other words, these children are ready to learn the task and, in this
sense, are in transition (Church & Goldin-Meadow, 1986; Perry, Chuych,
& Goldin-Meadow, 1988). In this chapter, I ask whether gesture might not
only index children who are in transition, but might also play a role in the
transition process itself. In other words, I ask whether gesture might itself
be involved in mechanisms of change.

The chapter is divided into three parts. In Part One, I review our previ-
ous work providing evidence that gesture is indeed a reliable index of chil-
dren in transition, and that its use during periods of transition is associ-
ated with improved learning. Having shown that gesture is correlated with
change, I then go on to ask whether it causes change. I consider two differ-
ent, though not mutually exclusive, possibilities.

In Part Two, I explore the significance of the fact that gesture is “out
there,” occurring routinely in naturalistic talk of all sorts. Gesture, when
interpreted in relation to speech, can signal that the speaker is in transi-
tion and open to new input. If communication partners are able to read
the signals contained in a child’s gestures, they may then be able to alter
their interactions with the child accordingly. Gesture, by influencing the
input children receive from others, would then be part of the process of
change itself. i : ‘

In Part Three, I consider whether gesture might not be more directly in-
volved in learning, influencing the learners themselves. Gesture ex-
ternalizes ideas differently and therefore may draw on different resources
than speech. Conveying an idea across modalities may, in the end, require
less effort than conveying the idea within speech alone; that is, gesture may
serve as a cognitive prop, freeing up cognitive effort that can be used on
other tasks. If so, using gesture may actually ease the learner’s processing
burden and, in this way, function as part of the mechanism of change.

Gesture Is Associated with Learning

Gesture-Speech Mismatch Indexes Openness to Learning. 1begin by de-
scribing the basic phenomenon. Consider a child asked to justify why he has
just said that spreading out a row of checkers has altered the number of
checkers in the row (the standard Piagetian number task). Children often
argue that the number in the spread-out row is different “because you
spread them out,” and they often accompany this justification with a match-
ing gesture—a spreading-out motion indicating how the  checkers were
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moved. However, at times, children will produce this same verbal explana-
tion, but accompany it with a very different gestural explanation—for ex-
ample, a movement pairing each of the checkers in Row 1 with the checkers
in Row 2, thus demonstratmg, albeit silently, the fact that the checkers in
the two rows can be put in one-to-one correspondence. Responses of this
sort have been called gesture-speech “mismatches”—instances where ges-
ture conveys information that is different from the information conveyed in
the accompanying speech (Church & Goldin-Meadow, 1986).

Children often produce a large number of gesture-speech mismatches
in their explanations of Piagetian conservation tasks. What is particularly
striking, however, is that the children who produce many mismatches on
the conservation task, when given instruction in the task, are significantly
more likely to profit from the instruction than children who produce few
mismatches (Church & Goldin-Meadow, 1986). Thus, producing different
information in gesture on the conservation task is a signal that the child is
ready to learn that task.

We have found this same phenomenon in other tasks. For example,
when asked to solve addition problems of the following sort, 3 + 5 + 4 =
__+ 4, fourth-grade children frequently solve the problems incorrectly
and offer incorrect explanations for those solutions—the same incorrect
explanation in both speech and gesture. Children often say “I added the
3, the 5, the 4, and the 4, and got 16, and put it in the blank,” while point-
ing at the 3, the 5, the 4 on the left side of the equation, the 4 on the right
side, and then the blank (an “add all of the numbers in the problem” ex-
planation). However, some children produce the same verbal explanation,
but along with it produce a very different gestural explanation—for exam-
ple, point at the 3, the 5, and the blank, the two numbers on the left side of
the equation that can be added to arrive at the correct sum to put in the
blank (a “grouping” explanation). Again, we find that it is those children
who produce many gesture—speech mismatches who are significantly more
likely to profit from instruction in mathematical equivalence than those
children who produce few mismatches (Perry et al., 1988).

Gesture-Speech Mismatch Is a Step in the Learning Process. 'The stud-
ies described thus far have all been traditional—a child’s knowledge is as-
sessed at pretest, instruction is given, and the child’s knowledge is assessed
again at posttest. These studies show that gesture-speech mismatch is as-
sociated with a propensity to learn, but they do not in any way shed light
on the path of learning. To do so, we conducted a microgenetic study, as-
sessing children repeatedly as they were exposed to instruction in mathe-
matical equivalence (Alibali & Goldin-Meadow, 1993).

Children were given instruction in problems of the 3 + 5 + 4 = _ + 4
variety, and were assessed three times over the course of the training pe-

1. GESTURE IN COGNITIVE CHANGE 9

riod. The children began the study at different levels of understanding of
mathematical equivalence (although none could solve the problems cor-
rectly), and made different gains as a result of instruction. Indeed, some
made no progress at all, and a small number regressed. However, the in-
teresting point is that the vast majority of the 35 children who gestured
and made progress on the task did so following the same path: (a)
Children began by producing the same explanation in both gesture and
speech and that explanation was incorrect (Matching Incorrect). (b) The
children then produced explanations in gesture that were different from
their explanations in speech (Mismatching); the mismatching explana-
tions were either both incorrect, or one (typically gesture) was correct and
the other incorrect. (c) Finally, the children returned to producing the
same explanation in both gesture and speech, but now the explanation
was correct (Matching Correct). Over the course of the study, 11 children
traversed the first two steps of the path, 15 traversed the last two steps, and
3 traversed all three steps, accounting for 83% of the 35 children (a num-
ber significantly higher than that expected by chance, p < .001, binomial
test). Only 6 (17%) of the children who gestured and progressed on the
task did so by skipping the mismatching step.

In addition to suggesting that gesture-speech mismatch can be a step-
ping-stone on the way toward mastery of a task, the findings also provide
evidence that, when gesture-speech mismatch is a step on a child’s path to
mastery, learning is deeper and more robust. We compared the children’s
ability to generalize to multiplication what they had learned on addition
problems. This generalization was measured on a posttest 1mmed1ately
following the training, and on a follow-up test 2 weeks after training. We
focused on two groups: Children who progressed to a Matching Correct
state by passing through a Mismatching state, and children who pro-
gressed to a Matching Correct state by skipping the Mismatching state.
We found that children who arrived at the Matching Correct state by skip-
ping the Mismatching state were significantly less likely to generalize their
knowledge on the posttest, and significantly less likely to maintain their
gains on the follow-up test 2-weeks later, than children who reached the
Matching Correct state by going through a Mismatching state (Fig. 1.1;
Alibali & Goldin-Meadow, 1993). These findings provide the first hint that
gesture, when taken in relation to speech, may not only reflect learning,
but also contribute to it.

- Gesture Conveys Implicit Knowledge. 1 have shown thus far that ges-
ture, when considered in relation to the speech it accompanies, can index
the stability of a child’s cognitive state. Can gesture also tell us something
about the knowledge that contributes to that state? The information that a
child conveys in gesture is a good candidate for implicit knowledge—
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FIG. 1.1. Proportion of children who successfully generalized their math-
ematical equivalence training to the posttest immediately following the in-
struction (top graph), and who maintained that progress 2-weeks later on a
follow-up test (bottom graph). All of the children had achieved a Matching
Correct state by the end of training. Children who arrived at the Matching
Correct state by passing through a Mismatching state (black bars) were sig-
nificantly more likely to generalize their training and maintain that prog-
ress than children who arrived at the Matching Correct state by skipping a
Mismatching state (white bars).
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knowledge that at some level the child has, but is not able to articulate
(Berry & Broadbent, 1984; Clements & Perner, 1994; Karmiloff-Smith,
1992; Nisbett & Wilson, 1977; Reber, 1993; Stanley, Mathews, Buss, &
Kotler-Cope, 1989). There are two steps involved in showing that gesture
reflects implicit knowledge.

The first is to demonstrate that the knowledge children convey in their
gestures is not accessible to speech. To make this case, we examined the
entire set of responses that fourth-grade children produced when asked to
explain their solutions to the mathematical equivalence task. Looking
only at children who gestured on at least some problems, we determined
which types of problem-solving procedures were expressed (a) in gesture
and never in speech, (b) in speech and never in gesture, or (c) in both ges-
ture and speech. A procedure need not have been produced in gesture
and speech on the same problem in order to find its way into the third cat-
egory; it was sufficient for the child to produce the procedure in gesture
on one problem and that same procedure in speech on another problem.
Interestingly, we found that very few of the children’s procedures were ex-
pressed uniquely in speech, that is, without some representation in ges-
ture even if on another problem (Fig. 1.2). The children’s procedures
were either expressed in both gesture and speech, or uniquely in gesture
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FIG. 1.2. Modalities in which a procedure was conveyed by a child over a
series of six mathematical equivalence procedures. Very few procedures
were conveyed uniquely in speech. Procedures were either expressed in

both gesture and speech, or uniquely in gesture. Bars reflect standard er-
rors.
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(Goldin-Meadow, Alibali, & Church, 1993). Thus, most of the information
these children possessed about the math problems was accessible to ges-
ture, and some of that information was accessible only to gesture.

The second step is to demonstrate that children actually have the
knowledge that we impute to them on the basis of their spontaneous ges-
tures. We have assumed that when a string of pomts is produced along
with a spoken problem-solving procedure, those points are conveying a
problem-solving procedure. But the pointing gestures could be doing
nothing more than directing the listener’s attention to the numbers in the
problem. There is evidence, however, that the string of gestures, when
taken together, does reflect a procedure in its own right. The evidence
comes from cases where the child’s gestures do not match speech. For ex-
ample, consider a child responding to the same problem described ear-
lier, 3 + 5 + 4 = _ + 4. The child articulated an “add the numbers up to
the equal sign” procedure in speech, “I added the 3, the 5, and 4, and put
12 in the blank.” In gesture, however, the child produced a string of
points that appeared to reflect a completely different procedure—point at
the 3, the 5, the left 4, the right 4, and the blank, an “add all the numbers
in the problem” procedure.

When later asked by a separate experimenter on a separate rating task
which answers would be acceptable solutions to this problem (children, on
the whole, were happy to accept more than one answer for a single prob-
lem), the child, of course, accepted 12—the answer generated by the “add
the numbers up to the equal sign” procedure that she had conveyed in
speech. More interestingly, when asked whether 16 would also be an ac-
ceptable answer—the answer generated by the “add all the numbers” pro-
cedure that she conveyed in gesture but not in speech—the child was sig-
nificantly more likely to say “yes” than she was to answers generated by
procedures that she had not produced in either gesture or speech
(Garber, Alibali, & Goldin-Meadow, 1998). In other words, the child rec-
ognized the solution generated by the procedure that she had produced
only in her gestures. Thus, strings of gestures can indeed reveal knowledge
about problem-solving procedures. Children may not be able to express in
speech the problem solving knowledge that they convey in gesture, but
they are able to recognize it on other, gesture- 1ndependent tasks. In this
sense, the knowledge conveyed uniquely in gesture is implicit.

Gesture as a Mechanism of Learnmg Through
Its Effect on Others

If gesture makes a child’s implicit knowledge “visible” to a communication
partner, the partner may be able to use that information to alter the way
he or she interacts with the child. In this way, gesture could be part of the

1. GESTURE IN COGNITIVE CHANGE 13

learning process itself. This hypothetical mechanism can, of course, only
work if communication partners are able to interpret the gestures children

produce.

Reading Preselected Gestures Off of Videotape. We have taken several
steps to explore this hypothesis. We began by asking whether adults, not
trained in gesture-coding, could observe children on videotape and glean
substantive information from the gestures the children produced. Exam-
ples for the videotape were chosen so that half of the children produced
gestures that conveyed the same information as their speech (matching
explanations), and half produced gestures that conveyed different infor-
mation from their speech (mismatching explantions). If the adults were
able to report the information that the children produced only in gesture
and not in speech, that is, on mismatching explanations, we would then
have evidence that they can read child gesture.

We conducted two studies, one asking adults to describe what the child
on the videotape knew about the conservation task (Goldin-Meadow,
Wein, & Chang, 1992), and another asking adults to describe what the
child knew about the mathematical equivalence problem (Alibali,
Flevares, & Goldin-Meadow, 1997). In both studies, adults were given free
rein in their responses: After each videotaped task, the tape was stopped,
and the adult was asked to assess the child’s understanding of the task. In
both studies, we found that the adults were able to glean substantive infor-
mation from the children’s gestures, information that was not displayed
anywhere in the children’s speech. For example, a child responding to a
conservation number task on the tape said that the rows of checkers were
different “ ’cause you moved ’em,” but indicated some understanding of
one-to-one correspondence in gesture (he moved his pointing hand from
each checker in one row to the correspondmg checker in the other row).
When describing this child’s reasoning, adults often commented that the

- child not only noticed that the checkers had been moved, but that the

checkers matched up with one another. Comparable findings have been

' reported for other tasks (a narrative task, McNeill, Cassell, & McCullough,

1994) and even for child observers (Kelly & Church, 1997, 1998).

Reading Spontaneously Produced Gesture Online. These findings in-
dicate that adults can read a child’s gestures when those gestures are care-
fully chosen by the experimenter and presented twice on videotape. How-
ever, the mechanism for cognitive change that I propose requires that
gesture be read ‘online’ in the give-and-take of naturalistic interaction.
Our next step then was to ask adults to observe children “live” (Goldin-
Meadow & Sandhofer, 1999). We asked adults to observe children partici-
pating in a series of Piagetian conservation tasks. In order for the adults to
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be able to assess each child’s knowledge online, we gave them a checklist
for each task the child performed. The list contained all of the explana-
tions children typically give on tasks of this sort. The adults’ job was to
check off as many explanations as they thought the child had conveyed.

We first validated this checklist on two groups of adults asked to observe
a videotape of children participating in Piagetian conservation tasks
(Video Groups 1 and 2). We then asked one of these groups of adults to
observe live, a series of children participating in six Piagetian tasks (Live
Group 2). The children observed by these adults were randomly chosen
from their classes. We found that the adults checked explanations that the
children conveyed only in their gesture from 32% to 44% of the time in re-
sponse to both the preselected videotaped gestures and the spontaneously
produced online gestures.

These results suggest that the adults were able to read the children’s
gestures (albeit not all of the time). However, it is possible that the adults
checked the explanations that the children conveyed uniquely in gesture,
not because they actually read the children’s gestures, but because these
are the explanations that readily come to an adult’s mind on tasks of this
sort. To explore this possibility, we first established how often an adult
checked a given explanation (e.g., one-to-one correspondence) when that
explanation was not produced on a particular number task. In other
words, we established a base-rate for how often adults erroneously
checked one-to-one correspondence on this number task. We then com-
pared this figure to how often adults checked one-to-one correspon-
dence when it was conveyed uniquely in gesture on that same number task.
We found, in both the video groups and the live group, that adults were
significantly more likely to check an explanation when it was produced
uniquely in gesture than when that same explanation was not produced at
all on the same task (Fig. 1.3). Interestingly, there was no difference be-
tween the video and live groups in how much information the adults
gleaned from gesture. Adults, then, are able to glean substantive informa-
tion from the gestures children produce, even if those gestures are un-
edited and fleeting.

Does gesture affect the observer’s ability to extract information from
the speech it accompanies? The videotaped examples were selected so that
we could examine whether listeners could abstract information from ges-
ture. However, the design of the study also allowed us to explore whether
gesture affects how accurately its accompanying speech is interpreted. In
six of the examples, gesture conveyed the same explanation as the speech
it accompanied; in the other six, gesture conveyed a different explanation.
We found that the adults correctly checked off explanations conveyed in
speech significantly more often when they were accompanied by a match-
ing gesture than by a mismatching gesture.

1. GESTURE IN COGNITIVE CHANGE 15
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FIG. 1.3. Proportion of explanations identified on a checklist by adults
who viewed a series of children participating in a conservation task on a
preselected videotape (Video Groups 1 and 2) or in a live situation (Live
Group 2). In all three groups, adults were significantly more likely to check
an explanation when it was conveyed uniquely in a child’s gestures versus
when that same explanation was not conveyed at all by the child. Bars re-
flect standard errors.

To be certain that the differences between the two types of explanations
(speech with a matching gesture vs. speech with a mismatching gesture)
were attributable to the presence of gesture and not to differences in the
speech itself, we presented an additional group of adults with only the au-
dio portion of the videotape (i.e., the picture was turned off). As expected,
the differences that we hypothesized to be due to gesture disappeared—
the adults were equally likely to correctly check “yes” for the six explana-
tions of each type when there was no picture and therefore no gesture to
affect the interpretation of speech.

These results suggest that adults’ ability to receive a message in speech
is affected by the gestures that accompany that speech. However, it is not
clear from these data whether a matching gesture improves the adult’s abil-
ity to recognize an accompanying spoken explanation, or whether a mis-
matching gesture diminishes the adult’s ability to recognize an accompany-
ing spoken explanation. The adults in the naturalistic task observed some
children producing explanations that contained speech and no gesture at
all, a necessary ingredient to explore this hypothesis. Although the adults
correctly identified spoken explanations more often when those explana-
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tions were accompanied by a matching gesture (88%) than when they were
accompanied by no gesture at all (82%), this difference was not statistically
significant. In contrast, the adults correctly identified spoken explanations
significantly less often when those explanations were accompanied by a
mismatching gesture (70%) than when they were accompanied by no ges-
ture at all (82%). Thus, at the moment, we have no evidence that gesture
improves a listener’s ability to recognize a message produced in speech if
gesture conveys. the same message (although such an effect would be diffi-
cult to see in these data because accuracy was so high; see Krauss, Morrel-
Samuels, & Colasante (1991) for whom ceiling effects were not a problem
and who also found that matching gesture did not improve comprehen-
sion of a message). However, we do have evidence that gesture diminishes
a listener’s ability to recognize a spoken message if gesture conveys a dif-
ferent message (see also Kelly & Church, 1998).

Responding to Gesture in a Naturalistic Teaching Situation. The find-
ings described thus far set the stage for gesture’s participation in the
learning process. Observing gesture as a third-party to a conversation is
different from observing it as a participant in the conversation. If adults
alter the way they interact with a child on the basis of the child’s gestures,
those adults are going to have to be able to read gesture as they interact
with the child. The next study suggests that adults are able to do so.

In an ongoing study Melissa Singer, San Kim, and I asked eight teach-
ers to interact individually with from 5 to 7 children. The teachers’ task was
to teach each child how to solve the mathematical equivalence problems. To
acquaint the teachers with their pupils, before each tutorial, the teacher
was requested to observe the child interacting with the experimenter, who
asked the child to solve six mathematical equivalence problems and ex-
plain how he or she arrived at those solutions. The teacher was given five
problems to use in instructing each child. In a previous study designed to
explore whether teachers use gesture in math tutorials (Goldin-Meadow,
Kim, & Singer, 1999), we discovered that teachers tend to do most of the
talking during the tutorials. In order to be able to observe teacher re-
sponses to child gestures, we needed to increase student participation in
the tutorials. We therefore asked that the teachers request the children to
both solve each of the five problems and explain their solutions during the
tutorial.

We have thus far coded three of the eight teachers’ interactions with
their students. The children did indeed produce gestures during the tuto-
rials, and they conveyed problem-solving procedures with those gestures.
On average, 39% of the children’s turns contained gesture, 21% in which
gesture conveyed the same information as their speech, and 18% in which
gesture conveyed different information from their speech. We assumed
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conservatively that the teacher understood a child’s gestures when that
teacher reiterated on the very next turn the problem-solving procedure
that the child had expressed uniquely in gesture. We found that, as in our
studies of more constrained situations, the teachers reiterated procedures
children expressed uniquely in gesture approximately 30% of the time.
Moreover, the children’s gestures had an impact on whether their words
were heeded: Teachers reiterated the child’s problem-solving procedures
less often when those procedures were accompanied by child-gesture con-
veying a different procedure than when the procedures were accompanied
by child-gesture conveying the same procedure or no gesture at all (this
pattern was not determined by the correctness of the child’s procedures;
e.g., the pattern held even when we examined teacher reiterations follow-
ing correct.procedures only). Thus, even in a naturalistic situation in
which the adult is an active participant, the adult is able to glean substan-
tive, and unique, information from children’s gestures.

Using Gesture to Alter Input to the Child. Our final step in exploring
the hypothesis that gesture provides a mechanism by which children can
shape the input they receive from adults is to show that adults alter their
input to the child as a function of the information they glean from that
child’s gestures. At the moment, the evidence for this hypothesis is purely
anecdotal. At times in our math tutorials, the teachers did not reiterate the

- problem-solving procedure found exclusively in the child’s gesture, but

rather used it as a stepping-stone for their next move. For example, for
the problem 5 + 3 + 4 = _ + 4, the child began by pointing simulta-
neously at the left 4 with her left hand and the right 4 with her right hand.
Rather than reiterate the notion that there are equal addends on each side
of the equation, the teacher’s next move was to articulate the grouping
procedure in both speech and gesture—“you can solve the problem by
adding the 5 and the 3 and putting the sum in the blank,” accompanied by
a V-shaped point at the 5 and 3. Note that the grouping procedure works
in this problem because there are equal addends, one on each side of the
equation, that can be canceled. The fact that the child demonstrated some
awareness of equal addends in gesture seemed to give the teacher license
to introduce grouping, a procedure that the child then picked up on in
her next turn and continued to use throughout the interaction. Our future
analyses will explore how often interactions of this sort occur in the math
tutorials.

It is important to point out that adults need not be aware of the fact that
have been influenced by the child’s gesture. Indeed, the adult may get it
wrong and still be able to provide useful input to the child. Consider, for
example, the following teacher who participated in the study conducted
by Alibali et al. (1997). The child said he solved the problem 5 + 6 + 7 =
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__+ 7 by adding the 5, 6, and 7 (an “add numbers up to the equal sign”
procedure), while pointing only at the 5 and 6 (a “grouping” procedure).
After observing this child, the teacher said that the child did no¢ under-
stand the grouping procedure: “What I'm picking up now is [the child’s]
inability to realize that these (indicates 5 and 6) are meant to represent the
same number . . . there isn’t a connection being made by the fact that the 7
on this side of the equal sign (indicates left side) is supposed to also be the
same as this 7 on this side of the equal side (indicates right side), which
would, you know, once you made that connection it should be fairly clear
that the 5 and 6 belong in the box.” Note that, at some level the teacher
was incorrect—the child did indeed have an understanding, however im-
plicit, of the grouping procedure that he expressed only in gesture. It is
possible that the teacher chose the grouping procedure to highlight as
the one the child did not know because she detected the procedure in the
child’s gestures. The fact that the teacher did not explicitly recognize the
child’s grasp of this procedure may not matter if, in instructing the child,
the teacher were to focus on what she thought the child needed most—in-
put about the grouping procedure. Instruction about grouping might be
especially effective for this particular child because it might help him to
transform or “redescribe” his emerging knowledge into a problem-solving
procedure that he could apply and articulate in speech (cf. Karmiloff-
Smith, 1992).

To summarize thus far, gesture routinely accompanies speech and ap-
pears to provide an undercurrent of conversation that participants may or
may not explicitly notice but detect nonetheless. Teachers do pick up on
at least some of the information children convey uniquely in gesture.
Moreover, gestural communication is not a one-way street. Teachers pro-
duce gestures of their own, many of which express information that is dif-
ferent from the information they express in speech—and children pick up
on those gestures, even if they convey (unintended) incorrect procedures
(Goldin-Meadow, Kim, & Singer, 1999). Thus, gesture is an inevitable part
of conversation, received as well as produced by the child. Adult gesture
can therefore be a source of usable input for the child.

However, as I have shown here, gesture also allows the child to signal
(perhaps without intending to do so) that he or she is on the cusp of in-
sight. In this sense, gesture is comparable to a pheromone—a signal to a
member of the species that the child is ready for input. The signal may be
taken as a general one—a “teach me-I'm ready” announcement that elic-
its instruction, any sort of instruction, from a communication partner. Or,
the signal may be taken as a specific call for input of a certain sort. If, in
fact, gesture does pinpoint those areas in which the child is ready to learn,
gesture may be functioning as an externalized index of the child’s proximal
zone (Vygotsky, 1978)—the range of skills on which a child can make
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progess if given appropriate assistance. As such, gesture may prov1de a
concrete, externalized mechanism by which adults can calibrate their in-
put to the child’s most pressing needs.

Gesture as a Mechanism of Learning Thr‘dugh
Its Effect on the Learner

I turn now to the second type of learning mechanism in which gesture may
play a role. In addition to signaling the learner’s cognitive state to others,
gesture may function in some beneficial way for the learner him or herself.
There are indeed a number of hints that gesture is there when good things
happen. For example, Fisher and Brennan (personal communication,
June 3, 1998) found that better recall was associated with gesture.

Children observed a Red Cross lecture/demonstration, which they were
asked to recall after a week had passed. Although accuracy of recall was
generally high (80%), it was much higher (99%) when the children ges-
tured along with their recalled responses.

Gesture was not a manipulated variable in Fisher and Brennan’s
study—lt arose as a serendipitous finding. In contrast, Iverson (personal
communication, June, 1998) deliberately manipulated gesture to deter-
mine its effects on recall. Adults were shown a cartoon and asked to retell
the story immediately after viewing it. During the immediate retelling,
half of the adults were told to keep their hands still on the arms of the
chair, and half were given no particular instructions. The second group
gestured in retelling the cartoon, and the first obviously did not. There
were no differences between the groups in the number of story details that
were recalled during the immediate retelling. Both groups were then
asked to retell the cartoon again 1 week later, and this time none of the
adults was restricted in their movements. Interestingly, the group that was
initally allowed to gesture recalled more details about the cartoon than the
group that was initially prevented from gesturing. Gesturing during the
first retelling appeared to, enhance the likelihood that the information
would be retained and recalled during the second retelling. Although it is
not yet clear what role gesture is playing in memory (e.g., at what point in
the memory process does gesture make its contribution?), these studies do
strongly suggest that gesture plays a beneficial role in recall or, at the
least, that gesture is an important encoding factor that can affect memory
if it is (or is not) replicated at the time of recall.

- There is, in addition, some suggestion from our previous work that ges-
turing is associated with learning (Alibali & Goldin-Meadow, 1993). Sev-
eral of the children in our microgenetic study of mathematical equiva-
lence failed to gesture during the study. These children did less well on
the posttest and the follow-up test than the children who gestured
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throughout the study, although the difference between groups did not
quite reach statistical significance. Thus, when required to generalize what
they had learned during instruction and retain that understanding over a

9-week period, children who gestured during the process showed a ten-

dency to outperform children who did not gesture.

Finally, in a conservation training study, Church (1999) found that
across-modality variability (that is, the number of gesture-speech mis-
matches the child produced at the start of the study) was a significantly
better predictor of learning than within-modality variability (the number
of different strategies the child produced in speech, either within a trial or
across trials). Thus, it is not only the number of different strategies that
matters in predicting learning, but whether those strategies are produced
in gesture. Why might gesture be associated with learning?

" Gesture Is Where Children Experiment. One possibility is that gesture
is the place where learners experiment. Recall that in our microgenetic
study (Alibali & Goldin-Meadow, 1993), children who gestured and pro-
gressed to a correct understanding of mathematical equivalence by going
through a mismatching state (one in which they produced gestures that
conveyed different information from their speech) did better on both a
posttest and follow-up test than children who gestured but progressed to
the same correct state without going through a period of gesture-speech
mismatch.

To better understand this phenomenon, we examined the modality in
which children produced each of the procedures in their repertoires prior
to instruction (Alibali & Goldin-Meadow, 1993). Children who gestured
and produced many matching explanations were identical to children who
gestured and produced many mismatching explanations in two respects:
Both groups expressed very few procedures only in speech (that is, without
also expressing that procedure in gesture at some time over the set of six
problems), and both groups expressed a relatively large, and equal, num-
ber of procedures in both speech and gesture (not necessarily in both mo-
dalities on the same problem, but across six problems). Where the match-
ing and mismatching children differed was in procedures accessible to
gesture: The mismatching children expressed a significantly larger num-
ber of procedures only in gesture compared to the matching children.
Overall, the mismatching children expressed a wider variety of proce-
dures than the matching children—and all of that variety resided in ges-
ture. Thus, the variability that many theorists consider essential to devel-
opmental progress (e.g., Siegler, 1994; Thelen, 1989) is indeed present in
these children—in their gestures.

This phenomenon is not only found across children but within-child as
well (Alibali & Goldin-Meadow, 1993). Children who, with instruction, pro-
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gressed from an incorrect matching state to a mismatching state signifi-
cantly increased the number of procedures they expressed uniquely in ges-
ture. Conversely, children who progressed from a mismatching state to a
correct matching state significantly decreased the number of procedures they
expressed uniquely in gesture. Thus, children have the largest number of
different procedures in their repertoires when they are’in a mismatching
state, and the influx of new procedures is found uniquely in gesture.

In an attempt to observe the smallest steps children make when learn-

inga task, Alibali (1994) gave children minimal instruction in mathemati-

cal equ}vglence. Not surprisingly, she found that, at best, children made
only minimal progress; indeed, some appeared to make no progress at all,
and some even regressed. Predictably, children who progressed from an
incorrect matching state to a mismatching state increased the total number
of d%fferent procedures in their repertoires; children who regressed from
a mismatching state to an incorrect matching state decreased their total
number of procedures; children who remained in an incorrect matching
state or a mismatching state retained the same number of different proce-
dures, a low number for the incorrect matchers, a high number for the
mismatchers. : ‘ : \ :

Alibali (1994; Goldin-Meadow & Alibali, 1995) then observed the way
in which the children’s repertoires changed over the course of instruction.
A large number of children in all four groups were found to maintain at
least one procedure over the study, suggesting that change may be more
gradual than abrupt (cf. Alibali, 1999; Kuhn & Pearsall, 1998; Siegler &
Chen, 1998). What about abandoning old procedures or generating new
ones? .As we might expect, children who progessed from an incorrect
matching state to a mismatching state; not only maintained old proce-
dures, but generated new ones (thus enlarging their repertoires).. Chil-
dren who regressed from a mismatching state to an incorrect matching
state abandoned old procedures but did not generate new ones (thus
shrinking their repertoires).

The interesting contrast comes from children who remained in the same
state throughout the study. Children who remained in an incorrect match-
ing state, predictably, neither abandoned old procedures nor generated
new ones—they maintained the same number of procedures in their reper-
toires by‘ not changing those repertoires at all. In contrast, children who re-
fname_d in a mismatching state maintained the same number of procedures
in their repertoires by continuously revamping those repertoires, generating
new procedures while abandoning old ones. Thus, children in a mismatch-
Ing state not only had a large number of different procedures in their reper-
tories, but those procedures were continuously changing, providing the
kind of variability that may be necessary for change. Important for the argu-
ment [ am making here, all of this “experimentation” with new ideas took
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place in gesture. Many of the newly generated procedures were incorrect,
and were quickly abandoned. Gesture thus appears to be a place where chil-
dren can air ideas that may not, in themselves, be all that sound but may be
able to serve as stepping-stones for progress nonetheless.

Why experiment in gesture? One might imagine that gesture would be
an ideal place to try out untried ideas, simply because there is essentially
no social constriction on the gestures people produce (aside from the of-
ten rude gestural “emblems,” which are conventional, frequently pro-
duced without any speech, and qualitatively different from the gestures we
are considering here, cf. Ekman & Friesen, 1969). Or, perhaps gesture is
the ideal place for experimentation because the ideas themselves are eas-
ier to express in the manual modality. This may be particularly true for
domains such as mathematics, which lend themselves to visual thinking
(Hadamard, 1945).

Gesture May Ease the Cognitive Burden. Another possiblility, and one
we are currently exploring (Goldin-Meadow, Nusbaum, Kelly, & Wagner,
under review) is that gesturing itself can reduce cognitive effort, perhaps
in the same way that writing a problem down can reduce the effort needed
to solve the problem (see Alibali & DiRusso, 1999, who make this very ar-
gument with respect to pointing and learning to count). If gesture does
serve as a kind of cognitive prop, the effort saved as the result of gesturing
could be allocated toward working out new ideas that could, in turn, lead
to progress in the task. We tested this hypothesis by asking whether ges-
turing on a task frees up effort that can then be used on another task. We
gave fourth-grade children two tasks to perform simultaneously—(a) ex-
plain their solutions to a mathematical equivalence problem, and (b) recall
a list of words (either a short list containing a single word, or a longer list
containing three words). On each trial, children first solved the mathe-
matical equivalence problem. After solving the problem, the child was
given the list of words to be recalled, and was asked to explain how he or
she had solved the math problem. After completing the explanation, the
child was then asked to recall the list of words.

The children were asked to do these tasks under two conditions—one
in which they were told to hold their hands completely still within the
handprint drawn on a sheet of paper that we supplied (the gesture-
prevented condition), and a second in which they were told that they could
use their hands freely (the gesture-permitted condition). Our goal was to
observe every child gesturing and not gesturing. A priori, we might expect
gesturing to increase cognitive load simply because the gesturer must plan
and execute communication in two modalities. If so, we would expect the
children to remember fewer words when they gestured than when they did
not gesture. Alternatively, gesturing might decrease cognitive load by in-
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creasing resources available to the child, for example, by shifting the bur-
den from verbal to spatial memory. If so, we would expect the children to
remember more words when they gestured than when they did not gesture.

Children did follow our instructions in the gesture-prevented condi-
tion—none produced any gestures on these problems. However, and per-
haps not surprisingly, children did not gesture on every single problem in
the gesture-permitted condition either. Indeed, some children did not
gesture on any problems at all; we call these six children the No-Gesturers
and set them aside for the moment. Turning to the 10 Gesturers, we ig-
nored the condition (gesture-prevented vs. gesture-permitted) to which a

roblem had been assigned, and categorized each problem according to
whether the child had actually gestured when explaining that problem.
We then calculated the proportion of correctly recalled one- and three-
word lists following problems on which the child gestured versus problems
on which the child did not gesture.

Figure 1.4 displays the proportion of word lists correctly recalled fol-
lowing gesture problems versus no-gesture problems. Not surpisingly,
children correctly recalled significantly more one-word lists than three-
word lists (F(1,9) = 19.33, p < .01). If gesturing on the explanation task
frees up space in working memory (perhaps by shifting some of the load
from verbal working memory to spatial working memory), then we would
expect children to be able to remember more words on the recall task
when they gesture on the explanation task than when they do not—but
only when their memories are taxed, that is, only on the three-word lists.
In other words, we would expect an interaction between word list length
and presence of gesture which, in fact, we found (F(1,9) = 10.73, p < .01).
Children were essentially at ceiling in recalling the one-word lists, whether
or not those lists followed gesture versus no-gesture problems. The crucial
comparison involves the three-word lists, which were designed to tax the
children’s memory skills. Here we see that the children recalled signifi-
cantly more three-word lists following problems on which they gestured
than following problems on which they failed to gesture (p < .01, New-
man-Keuls). These findings suggest that the act of gesturing may have
eased the child’s cognitive burden in the explanation task, freeing effort
up for the word-recall task.

It is important to note that it is not just having the opportunity to ges--
ture that is associated with improved recall, it is necessary for the child to
actually do the gesturing for memory to be affected. Thus, if we ignore
whether the child actually gestured and compare word-recall on the prob-
lems originally assigned to the gesture-permitted versus gesture-
prevented conditions, the effect disappears. The effect is also not there for
nongesturers, who do not produce gestures on any of their trials and thus
obviously cannot reap the benefits of gesturing.
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FIG. 1.4. The proportion of word lists that children recalled correctly fol-
lowing problems on which they gestured versus problems on which they did
not gesture. When their memories were taxed (that is, on the three-word
lists), the children recalled a significantly higher proportion of word lists
following Gesture problems than No-Gesture problems, suggesting that the
act of gesturing may have freed up cognitive effort that could then be used
on the recall task. Bars reflect standard errors. =

It is possible, however, that our gesture-prevented condition actually
imposes a discomfort burden on the child. If so, this burden may be de-
creasing recall in the gesture-prevented condition relative to the gesture-
permitted condition (as opposed to gesture enhancing recall in the ges-
ture-permitted condition relative to the gesture-prevented condition).
This possibility is unlikely for two reasons. First, when we divide problems
in the gesture-permitted condition into those on which the child actually
gestured versus those on which the child did not gesture (all of the prob-
lems were of equal difficulty), we find the same pattern seen in Fig. 1.4—
and these particular no-gesture problems were not experimentally created
and thus not obviously subject to the discomfort concern. Note that the
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children whom we included in this analysis were not nongesturers, but
merely gesturers who did not use gesture on every problem. Importantly,
these children were equally successful (or unsuccessful) at solving prob-
lems on which they gestured and problems on which they did not gesture.
Second, we have begun running children in a discomfort control condi-
tion and the results from a single child are promising. This child, who also
participated in the hands-still study (and gestured on every problem in the
gesture-permitted condition), was asked to do precisely the same task but
this time she was to keep her feet completely still within a set of footprints
stenciled on a sheet of paper. If discomfort is impeding recall, the results
of the feet-still study should look just like the results of the hands-still
study. However, if gesturing actually improves memory, then the results
should be unaffected by holding one’s feet still (unless, of course, keeping
one’s feet still affects gesturing which, for this child, was not the case—she
gestured on every problem in the feet-still study). The results for the child,

- who appeared to find it just as disconcerting to keep her feet still as to
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FIG. 1.5." The proportion of word lists that a single child recalled after ex-
plaining math problems under two different conditions: (a) holding her
hands still when explaining half of the math problems (Hands-Still study,
left graph), and (b) holding her feet still when explaining half of the prob-
lems (Feet-Still study, right graph). The child spontaneously gestured on all
of the problems in the Feet-Still study, and on all of the problems in the
Hands-Moving condition of the Hands-Still study. She recalled a lower pro-
portion of three-word lists when she was prevented from gesturing in the
Hands-Still condition of the first study than in the Hands-Moving condi-
tion. This relatively poor performance was not due merely to the discomfort

of a keeping a body part still, as the same decrement was not found in the
Feet-Still study.
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keep her hands still, are presented in Fig. 1.5. The patterns suggest that
holding one’s feet still does not affect memory, but that holding one’s
hands still—which prevents gesturing—does. Thus, if children gesture on
a task, they appear to have more cognitive effort left over for doing other
things than if they do not gesture on the task. Gesturing can ease the
child’s cognitive burden.

What might gesturing be doing to ease the child’s cognitive burden?
The act of conveying information, whatever that information might be, in
a second modality may make the task easier for the child. In other words,
using two modalities rather than one may be the key, independent of the
type of information that is expressed. However, the message itself may
matter. When gesture conveys the same information as speech, it could be
making the task easier for the child by adding redundancy. On the other
hand, when gesture conveys different information from speech, it could be
making the task easier by providing a vehicle that allows the child to ex-
press thoughts that he or she cannot yet express in speech. Future analy-
ses of how the gestured explanations the children produced in the hands-
still study affect their recall of the word lists will hopefully allow us to ex-
plore these possibilities.

Gesture’s Role in Cognitive Change

Gesture is implicated in cognitive change. It is, of course, possible that
gesture is nothing more than an epiphenomenon of change, associated
with it but not in any way central to its causes. However, evidence is
mounting that gesture may be involved in the process of change itself,
communicating silent aspects of the learner’s cognitive state to potential
agents of change, or helping more directly to ease the learner’s cognitive
burden.

If gesture is causally involved in change, its effect is likely to be wide-
spread. Gesture has been found to express substantive information, often
information that differs from the information expressed in the speech it
accompanies, in a variety of tasks and over a large age range: in toddlers
going through a vocabulary spurt (Gershkoff-Stowe & Smith, 1997); pre-
schoolers explaining a game (Evans & Rubin, 1979); elementary school
children explaining mathematical equations (Perry et al., 1988) and sea-
sonal change (Crowder & Newman, 1993); children and adults discussing
moral dilemmas (Church, Schonert-Reichl, et al., 1995); adolescents ex-
plaining Piagetian bending-rods tasks (Stone, Webb, & Mahootian, 1991);
and adults explaining gears (Perry & Elder, 1996; Schwartz & Black, 1996)
and problems involving constant change (Alibali, Bassok, et al., 1995,
1999). Some of the tasks on which gesture has been found might be con-
sidered to be core tasks in Gelman and Williams’ (1998) terms, others are
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more likely to be noncore. The fact that gesture is found in both types of
tasks may mean that it has the potential to be involved in innately driven
as well as non-innately driven learning, that is, to be a general mechanism
of change.

Previous studies have shown that asking children to explain their re-
sponses to a problem has a beneficial effect on learning (e.g., Chi, Bassok,
Lewis, Reimann, & Glaser, 1989; Siegler, 1997). Being forced to come up
with an explanation encourages learners to articulate their, perhaps previ-
ously unexamined, presuppositions and to put their ill-formed ideas into
words. This self-examination may be what is important in eliciting expla-
nations from learners. Yet, requesting explanations may also be effective
because it elicits gesture from the learner. Gesture offers the opportunity
to explain in another modality, one that has very different representa-
tional demands and possibilities than does speech.

McNeill (1992) argued that gesture and speech form complementary
components of a single, integrated system, with each modality best suited
to expressing its own set of meanings. Gesture reflects a global-synthetic
image. It is idiosyncratic and constructed at the moment of speaking—it
does not belong to a conventional code. In contrast, speech reflects a lin-
ear-segmented, hierarchical linguistic structure, utilizing a grammatical
pattern that embodies the language’s standards of form and drawing on
an agreed-on lexicon of words. Consider, for example, a speaker describ-
ing the coastline of the east coast of the United States. One well-formed
gesture can do much more to convey the nuances of the coastline to a lis-
tener than even the best-chosen set of words (cf. Huttenlocher, 1976). Ges-
ture thus allows speakers to convey thoughts that may not easily fit into the
categorical system that their conventional language offers (Goldin-
Meadow & McNeill, 1999). Taken together, gesture and speech offer the
possibility of constructing multiple representations of a single task, and
these multiple perspectives may prove useful, particularly in learning
complex tasks.

In addition, because gesture is not regulated by an acknowledged codi-
fied system, the notions that are expressed in this modality can easily go
unchallenged. Rarely are speakers criticized for their gestures, while the
same message expressed in speech may well elicit comment and disap-
proval. Not only are the notions conveyed in gesture likely to go unchal-
lenged by others, but they are also likely to go unchallenged by the self. A
speaker can sneak in an idea, perhaps an ill-formed one, in gesture that
does not cohere well with the set of ideas expressed in speech. Gesture
may be an ideal place to try out inchoate, untamed, and innovative ideas
simply because those ideas do not have to fit. Much experimentation may
take place, and remain, in gesture, never reaching the conventionally
shared spoken system; but the experimenation itself may be useful. In-
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deed, it may be that gesture is the place where we can expect to see chil-
dren’s worst guesses about how a task works.

Gesture is pervasive, routinely accompanying speech of all varieties. It
is, however, not subjected to the same standards of approval as speech
simply because it is not an explicit representational system in the same
way speech is. On the other hand, gesture is symbolic in its own right. Ges-
turing about a procedure is not the same thing as enacting that procedure.
Gesture reflects implicit knowledge that is at least one step removed from
actually performing a procedure. Expressing knowledge in gesture may
therefore represent an important step in the redescription process that
Karmiloff-Smith (1992) describes, a process culminating in explicit aware-
ness. As such, gesture has a unique status and may play a unique role in
learning.

In sum, previous work has established that gesture is associated with
learning. It can index moments of cognitive instability and reflect
thoughts not yet found in speech. Here, I have raised the possibility that
gesture might do more than just reflect learning—it might be involved in
the learning process itself. I have considered two non-mutually exclusive
possibilities. First, gesture could play a role in the learning process by dis-
playing, for all to see, the learner’s newest, and perhaps undigested,
thoughts. Parents, teachers, and peers would then have the opportunity to
react to those unspoken thoughts and provide the learner with the input
necessary for future steps. Second, gesture could play a role in the learn-
ing process more directly by providing another representational format,
one that would allow the learner to explore, perhaps with less effort, ideas
that may be difficult to think through in a verbal format. Thus gesture has
the potential to contribute to cognitive change, directly by influencing the
learner and indirectly by influencing the learning environment.
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