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Constructing Shared Understanding:
The Role of Nonverbal Input in Learning Contexts
Michelle Perry,* Denise Berch** and Jenny Singleton'
This article, like many of the other articles in this issue, asks the
question of whether the nonobviousfeatures ofa situationcarrysignificant
weight in constructing meaning from that situation. We argue that the
construction of meaningfrom a message is dependent not only on the
intendedaspects of the message, such as its written or spoken components,
but also on the more incidental aspects of context, such as the nonverbal
aspects of the message providing participants with opportunities for
developing inactive representationsof the intended message. This shares
several key features with the metaphor of the highway that was provided
in the Introduction. Note that the construction of the highway is
dependent not only on the intended and agreed-uponfunction of connecting points A and B, but also on relatively more incidentalfeaturessuch as
the local terrain and even the vehicles and their drivers that happen to
traverse the highway.
In this article, we examine the role that certaininformalfeatures, which
naturally occur in formal learning contexts, play in the construction of a
new understanding. Toward this end, we review prior research conducted
in the fields of psychology and education that has examined the importance of various channels of communicative input on the construction of
shared understanding. We also reportan originalempirical investigation
that examines this issue. In particular,we investigate the role that an
instructor manual gestures and students' active participation in the
solution of a problem play on students' acquisition of a mathematical
concept. Our results indicate that both of these informalfeatures of the
learning context may have a significant impact on learning. Moreover,
without these sorts of implicit features of a communicative situation
available,the formation of a shared understandingmay be impaired We
conclude from our review of others' investigations and from our own
research that there is a richness encoded in nonverbal and nontextual
aspects of a message that significantly adds to the formation of a shared
understanding.
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Imagine yourself in an environment where new information comes at
you at a rapid rate-someplace like a classroom. How does that new
information begin to have an effect on how you understand complex
ideas? What are the features of the environment that make it more or less
likely that you will reach an understanding of the information that comes
close to what the teacher or originator of the information intended? These
sorts of questions motivate the present article. In particular we investigate
certain identifiable conditions of instructional situations that may lead to
the creation of a shared meaning between instructor and student. In this
case, shared meaning refers to an understanding reached by the student
and, in particular, an understanding that comes close to what the teacher
is intending to communicate (rather than to an understanding reached by
the teacher of the student's initial understanding).
We begin the description of our work with a caveat: We approach this
issue as developmental and educational psychologists who pursue
investigations of the processes, structures, and outcomes of various
communicative contexts. Our own research focuses on cognitive and
linguistic development, mostly in children. The investigation that we
conducted to look at the issue of how meaning gets attributed in complex
situations examines children's developing understanding of a school-related
concept. While the investigation that we will report may seem narrow in
its focus, the phenomenon may be extended to a wider range of ages
(including, we suspect, adults) and to a greater variety of concepts
(including, we suspect, legal concepts). We address the issue of
communicative situations without children and in domains outside of the
school context after we have considered the research done with children
and have drawn conclusions about that research.
The work reported here examines different channels of communication
that may foster or inhibit the creation of shared meaning. Prior research
has implicated several channels of communication that may enhance the
likelihood that meaning is extracted from text or from verbal expression;
these are: written expression (symbolic or diagrammatic), gestures, and
enactment (i.e., active participation in the solution of a problem). While
the research on the effects of written expression presents a rich and
complex set of issues with respect to affecting shared understanding, we
will not discuss this research in great depth for two reasons.
First, the research on the effects of written expression deals primarily
with adults and not with children, thus making some of the conclusions
difficult to interpret for our target population. Second, and more
important for the question that has motivated the work reported here, much
of this research has been conducted in non-interactive settings (e.g.,
several of these studies have looked at college students reading passages
that either do or do not contain a picture along with the text) and thus
makes it difficult to extend an interpretation to interactive settings. It is
suffice to say that, for the most part, research that has examined the effects
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of written nonverbal expression (especially pictures and diagrams) along
with another medium of expression (typically written text) has shown that
adding the nonverbal component tends to increase the chance of developing a new understanding.'
We will now turn our attention to a review of two features of communicative situations that have been hypothesized to have an effect on the
development of shared understanding: the impact of gestures and of active
participation (or enactive representation). We focus on these because they
are often present in communicative situations without conscious planning
and thus potentially are a component of novel learning situations. In other
words, we expect that these features are pervasive in situations which have
as their goal to communicate novel information to one or more participants. Moreover, evidence strongly suggests that these features have an
effect on how utterances are interpreted and how understanding is derived
from a communicative situation, as will be described in the following
section.
I.

THE IMPACT OF GESTURES ON THE DEVELOPMENT OF A SHARED
UNDERSTANDING

Before we begin describing research on gestures and their impact on the
development of a shared understanding between speaker and listener, we
must define the range of behaviors that could be included as "gestures."
Gesture could include any nonverbal aspect of a live performance and
therefore could include, at the very least, intonation, facial expression,
body posture, grooming behaviors (e.g., scratching your nose), or manual
gestures (i.e., those gestures produced with the hands). We focus our
discussion on the final of these, manual gestures, but refer the reader to
several other reviews2 for discussion of these other sorts of gestures and
their impact in communicative contexts.
Although we have already limited our working definition of gesture, we
want to limit the discussion further by stating that we do not include all
manual gestures in our analysis. In particular we focus on hand
movements that spontaneously occur with speech and that do not occur in
the absence of speech. In other words, we eliminate those gestures that
have conventional meanings (e.g., we omit emblematic gestures, such as
the index and middle fingers in a v-shape to signify the term "peace").
We have already stated that we focus on spontaneous gestures that
accompany speech because these gestures occur automatically and
probably unconsciously and thus have the potential to appear in any
communicative situation. In addition, because they appear in many
1. Larkin et al., 1987; Levin, 1983; Mayer, 1989; Waddill et al., 1988.
2. Ekman et al., 1969; McNeill, 1992.
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communicative situations and are produced apparently effortlessly, we
raise the issue about what sort of communicative function they may serve.
We focus on these gestures for another reason as well: Evidence suggests
that gesture and speech share computational space, in the brain, in the
origin of a message.' What this means is that when messages are being
formed in the brains of speakers, the portions of the brain that are
responsible for speech output are activated along with those portions that
are responsible for gestural output. The result of this is that any spoken
message may be accompanied by related gestural communication. We
suggest that there is a richness encoded in nonverbal, gestural aspects of
a message that may add significantly to the creation of shared meaning
between communicative partners. That is, gestures carry information
relevant to the speaker's intended message and the listener may use this
nonverbal input when constructing an understanding of the message.
The first set of findings that speaks to this issue comes from research
that has examined both adults' and children's ability to evaluate children's
understanding of a particular concept. In this research, special attention
has been paid to the information that the evaluators reported, which the
child had expressed in gesture but not necessarily in speech. In other
words, this line of research has asked: What does a listener understand
about the speaker's knowledge of a topic, and how is this understanding
influenced by the speaker's gestures that accompany his or her speech?
The second set of findings that relates to this issue comes from research
that has examined the role of gesture in disambiguating potentially
ambiguous verbal messages. In particular, this line of research has
examined how gestures help to determine what a speaker has said,
especially when what was said is somehow difficult to understand.
A.

EnhancedDetection of Knowledge Status with Gestural Input

Beginning with some work pioneered by Goldin-Meadow, Wein, and
Chang (1992), it has become increasingly clear that adults use and make
sense out of the information produced in children's gestures. GoldinMeadow, Wein, and Chang (1992) investigated whether adults could use
information conveyed in a child's gestures to assess that child's knowledge
of conservation (i.e., that certain transformations to objects do not affect
the quantities of those objects). To investigate this, they selected
videotapes of children providing incorrect verbal explanations of
conservation (i.e., the children had said that the quantity was different after
the transformation when, in fact, the quantity remained unchanged). Half
3. Although there is dispute about where in the brain that shared space lies or whether activation
occurs at the same time. See, e.g., Butterworth et al., 1989; Feyereisen, 1985; McNeill, 1985, 1987,
1989.

[VOL. 6:213

Nonverbal Input
of the children viewed by the adults produced information in their gestures
that matched the information provided in their spoken incorrect explanations and half produced gestures that did not match their spoken incorrect
explanations. The task for the adults who viewed the videotapes was to
comment on each child's understanding of conservation. Goldin-Meadow,
Wein, and Chang (1992) then evaluated adults' comments about the
children's understanding. Goldin-Meadow, Wein, and Chang (1992) found
that, at times, adults reported information that had not been produced by
the child in his or her speech. They found that this was significantly more
likely to occur when the child had produced mismatches between the
information conveyed in speech and the information conveyed in the
gesture that accompanied that speech than when the child had produced
matches between speech and gesture.4 Moreover, most of the information
added by the adults was traceable to the children's gestures.5 Thus,
Goldin-Meadow, Wein, and Chang (1992) have shown that adults take
account of information that appears uniquely in gesture (i.e., in gesture
and not in speech).
Flevares and her colleagues6 conducted some related research. They
sought to determine whether adults (both college students and teachers)
would spontaneously detect information expressed only in gestures when
children explained their solutions to mathematics problems. Flevares et al.
found that when adults commented on the children's knowledge, the adults
expanded on children's statements significantly more often for children
whose gestures mismatched their speech than children whose gestures
matched their speech. Moreover, these additional comments credited the
child with a strategy never found in the child's speech, and a significant
number of these additions consisted of comments traceable to gesture.
From their work, Flevares et al. concluded that a child may produce

4. We provide examples of a match and a mismatch between a spoken and gestured explanation of
conservation. The conservation problem that we will use to illustrate the match and mismatch is one

that begins with two matching glasses, filled to the same height with water. The experimenter asks the
child if the two glasses hold the same amount of water and the child agrees that the amount is the same
in the two glasses. The experimenter then takes one of the two matching glasses of water and pours

its contents into a low fiat dish (a pie plate). After observing this transformation, the child is asked two
questions: (1) "Do the glass and the dish have the same amount or a different amount of water?" and
(2) "Why?" Recall that the children in this study provided incorrect verbal explanations at this point
and said, for example, "they have different amounts of water because the water is higher in the glass
than in the dish."
A match between the child's spoken and gestured explanations for the spoken explanation "they have
different amounts of water because the water is higher in the glass than in the dish" would be a hand,
with a fiat palm pointing down, held out horizontally first in front of the glass and then in front of the

dish, indicating the height of the water in the two containers.
A mismatch between the child's spoken and gestured explanations for the spoken explanation "they

have different amounts of water because the water is higher in the glass than in the dish" would be a
narrow c-shaped hand, indicating the narrow width of the glass and then a widened c-shaped hand,
indicating the larger width of the dish.
5. See Goldin-Meadow et al., in press.
6. Alibali et al., 1994; Flevares et al., 1994.
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information in gesture, and not in speech, and that this gestured information is available for interpretation in communicative situations.
In some recent work conducted by Kelly and Church (1994), it seems
clear that even children can detect information conveyed in gesture. Kelly
and Church (1994) had child-subjects judge other children's explanations
and found that when asked to interpret an explanation with gesture that
mismatched the speech, the child-subjects added new information to what
the children had said. They also found that when child-subjects were
asked to interpret an explanation with gesture that matched the speech, the
child-subjects were more accurate than when the verbal explanation did
not have matching gestural support.
Perry, Woolley, and Ifcher (1995) investigated a similar issue. They
asked whether adults would judge children who produced mismatches
between speech and gesture as more ready to learn than children who did
not produce such mismatches.7 In a series of studies, Perry, Woolley, and
Ifcher (1995) found that, when asked to choose which children were ready
to learn, adults chose children who indeed were ready to learn significantly
more often than could be predicted by chance. Children's readiness to
learn was determined by their actual receptivity to instruction. This
information was known to the experimente; but not to the adults who
viewed the children interacting with a teacher on videotape. From their
studies, Perry, Woolley, and Ifcher (1995) concluded that adults could
identify children who are ready to learn and thus could identify which
children would be receptive to instruction. However, when asked to
justify their choices, the adults seemed unaware that they might have been
using information provided in the children's gestures to make their
judgments. Thus, Perry, Woolley, and Ifcher (1995) trained a group of
adults to rely on children's gestures to identify which children were ready
to learn. Although the adults only explicitly stated that they relied on
these criteria for about half of their decisions, when they did claim to use
these criteria, they were highly successful at identifying which children
were ready to learn. This suggests that adults may pay attention to
children's gestures when assessing children's knowledge, and that this
information may be put to good use in teaching-learning situations, but
that paying conscious attention to these gestures may be difficult and
potentially impossible.
Garber (1994), following this line of research, asked children to make
similar decisions about their own understanding (rather than adults
assessing children's understanding). Garber (1994) began by having

7. In previous work, Church and Goldin-Meadow (1986), Perry, Church and Goldin-Meadow (1988,
1992), and Alibali and Goldin-Meadow (1993) found that children who produce several gesture-speech
mismatches in their explanations of problem solutions are more likely to learn after brief instruction than
children who produce very few or no gesture-speech mismatches. For further discussion of this point,
see Goldin-Meadow et al., 1993.
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children solve a set of mathematical problems, explain their solutions, and
then rate the correctness of various solutions to mathematical problems
(the solutions were presented to the children on worksheets similar to the
ones that they had been given). Some of the solutions that the children
were asked to rate were included in the children's own explanations (in
speech or in gesture) and some were not. Garber (1994) found that
children gave comparable acceptance ratings to solutions, independent of
the source of the children's explanations. In other words, children were
just as likely to rate a solution as correct if it had appeared in their
gestures and not in their speech as they were to rate a solution as correct
if it had appeared only in their speech. This research suggests that
children are indeed working with the knowledge that does not get
expressed in their speech but does get expressed in their gesture. It seems
that adults who interpret information presented in a child's gesture (and
not in speech) are sensibly making use of information that the child has
available (even if the information is not accessible to a verbal code).
In sum, research examining the effect of children's gestures that
accompany their speech suggests that these gestures have a direct impact
on the children's communicative partners. When information is conveyed
in gesture that differs from or mismatches what is conveyed in speech, the
observer makes use of this information when assessing what the child
knows and when assessing whether the child is ready for instruction. This
body of research strongly supports the argument that critical information
concerning a message can be conveyed in spontaneous and unintentional
gesture that accompanies speech and that this information can be detected
in communicative situations.
B.

Gesturek Role in DisambiguatingSpeech

A separate line of research has examined how a speaker's gesture may
be used by a communicative partner when the speaker's verbal message
is somehow unclear or ambiguous. This research, as well as the research
reported in the previous section, argues strongly that gesture affects how
meaning is created in communicative situations. Work conducted by
McGurk and MacDonald (1976), MacDonald and McGurk (1978),
Thompson and Massaro (1986), and others, indicates that when verbal
messages -

especially ambiguous verbal messages -

are accompanied by

manual gestures - especially deictics (i.e., indexical gestures, especially
points), it is more likely that the listener will comprehend the spoken
message.
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Research by McNeill and his colleagues8 has shown that even when the
verbal message is perfectly cleai; when additional, different (mismatching)
information is presented in the gestural modality, the listener will come
away with a richer, often more coherent and more correct, understanding
of the intended message. For example, McNeill (1992) examined whether
gestural input has an effect on shared understanding by examining the
speech and gesture of individuals engaged in narrative discourse. Adults
witnessed a videotaped narration of a Sylvester and Tweetybini cartoon
(narrated by an "actor") and then had to recount the tale to an individual
who was naive about the cartoon. The original videotaped narration was
scripted so that various gesture-speech mismatches intentionally were
included. These mismatches contained either additional or conflicting
information.
In one portion of the narration, the actor described Sylvester verbally by
saying "as he came out the drainpipe" and the actor used an up-and-down
bouncing motion with his hands. The adult listener then retold this portion
of the story by saying "the cat bounces out the drainpipe." This example
illustrates how a gesture, when it does not match the verbal input, can
provide additional information to the listener.
Thompson and Massaro (1986) also investigated whether gestural input
influences understanding. They looked at the relative influence of speech
and gesture in the interpretation of referential acts. To investigate this
issue, Thompson and Massaro (1986) synthetically manipulated the quality
of the verbal input and asked whether nonverbal deictics (i.e., manual
points) influenced interpretation of the verbal input. To accomplish this,
they had young children (one group of two- to three-year-old children and
another group of five- to six-year-old children) and adults view a
videotape containing the independent manipulation of speech and gestural
forms. In this videotape, a man instructed the subject to choose a ball or
a doll with his speech (along a continuum, sounding like ball or like doll,
or exactly in between) and/or by pointing. The speech was synthesized
and was varied along a continuum (from ball to doll) and then was crossed
with the gesture in a factorial design. Thompson and Massaro found that
their subjects relied on the least ambiguous or most explicit of the cues.
For example, when the speech was ambiguous, subjects relied on gesture
to judge meaning; conversely, when gesture was ambiguous, subjects
relied on the speech. The point that is most relevant to the issues raised
in this article is that the meaning derived within a communicative situation
is informed directly by the gestural component, especially when the
spoken message is difficult or impossible to interpret.
It is worth noting here that much of this research has its origins in a
series of studies conducted by McGurk and MacDonald (1976) and

8.

Reported in McNeill, 1992: 135-144.
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MacDonald and McGurk (1978) and is often referred to as the "McGurk
effect." This effect can be described as follows: information from a
speaker's lips has a profound impact on the auditory perception of natural
speech. In essence, the McGurk effect tells us that we do not take speech
at face value; instead our interpretations of speech are strongly influenced
by the nonverbal cues (both from lips and from hands) that naturally cooccur with speech.
It seems quite clear that nonverbal behavior in general, and gesture more
specifically has the power to shape our understanding of a spoken, verbal
message. Just as in the research that was reviewed under the subheading
"Enhanced Detection of Knowledge Status with Gestural Input," the
research reviewed here suggests that observers and listeners make use of
gestural information when interpreting a verbal message and may give
priority to the gesture when it conflicts with the verbal message or when
it can disambiguate an ambiguous verbal message. Thus, we assert that
spontaneous gestures which accompany speech likely serve an important
function in any communicative situation: they may facilitate the communicative partner's understanding of the information that the speaker is
attempting to convey
II.

ACTIVE PARTICIPATION IN THE SOLUTION OF A PROBLEM

The other sort of evidence that we consider as critically important to the
development of a shared understanding between communicative partners
stems from research that looks at the effects of active participation in the
performance of a task and the effects of this participation on coming to
understand something new. We borrow from Bruner (1966) and use the
term "enactive representation" to describe the sort of multi-sensory input
that the learner experiences. Like Bruner (1966), we also borrow from
Dewey when we take on the question of whether reaching a new
understanding is prompted by doing.
Several theories have suggested that enactive representation or active
participation in practice is an integral component necessary for learning
and more generally for the development of shared understanding among
communicative partners. This theoretical position is represented by groups
and individuals who study "anchored instruction," 9 "situated cognition,"' "legitimate peripheral participation,"" and "cognitive apprenticeship,"' 2 among others. In general, proponents of this position
(especially Lave and Wenger (1991)) argue that coming to understand does

9.
10.
11.
12.

E.g., Cognition and Technology Group at Vanderbilt, 1992.
Brown et al., 1989.
Lave et al., 1991.
Scribner, 1984.
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not imply receiving a body of factual knowledge about the world, but
rather involves activity in and with the world. Thus, any new knowledge
must be obtained from active participation with the content that constitutes
the objects of that knowledge.
The empirical evidence about the usefulness of enactive representations
on the formation of new understandings is mixed. Some of the data are
quite compelling in support of the role of active participation on the
formation of new understanding. For example, Kite (1987) found that it
was effective to have children perform tasks to aid in understanding what
happens in science classes. Kite (1987) found that this was true especially
for children with learning difficulties. Kite (1987) hypothesized that the
physical carrying out of processes and actions seemed to aid in learning
because these children were unable to carry out these processes on the
mental plane alone.
Not all of the data are quite so clear on this issue, despite the strong
theoretical support and some convincing empirical support for the positive
role of participation on learning outcomes. One example of potentially
conflicting data comes from a series of studies conducted by DeLoache
(1991). DeLoache (1991) found that children's ability to develop an
understanding after manipulating the objects they were supposed to come
to understand was worse than when the children were not given the
opportunity to manipulate the objects. DeLoache (1991) concluded from
this that the manipulation of objects may detract from the creation of
understanding because the objects are seen as engaging and fun and the
significance of these objects, beyond their immediate attractive qualities,
are overlooked.
It appears that the jury is still out about the usefulness of enactive
representations on the development of new understanding, and on the
conditions under which enactive representations may facilitate or hinder
the development of new understanding. For this reason, we have chosen
to investigate the impact of enactive representations in our empirical
investigation (described below).
However, while the jury is out about enactive representations in
particula the evidence is fairly clear that the availablity of multiple
channels of communicative input is likely to promote the development of
a new understanding. Moreover, the evidence is also clear that presenting
information in a single communicative channel may limit the possibility
for comprehension or for the development of new knowledge.
The question that we ask here is: How do the features of communicative
situations, especially those features that ostensibly are not responsible for
carrying the weight of the message, operate to yield real learning in
students who need to know something that has eluded them? In particular
we ask whether the availability of support from gesture and from working
with an enactive representation of a mathematical concept has an impact
on the development of (mathematical) understanding. We ask this because

222
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the "new" and "critical" content of the instructional message has
traditionally been thought of as carried in the verbal component of a
message; however, past research suggests both that (1) critical information
may be carried in gesture that accompanies speech and (2) the formation
of a new understanding of the instructional information may be facilitated
if the learner actively participates in the acquisition of information.
In our empirical investigation, we examine the effects of an instructor's
speech on a child's ability to solve a set of mathematical equivalence
problems and compare this to the effects of the same spoken instruction
accompanied by gesture or to when the child is asked to engage with an
enactive representation of equivalence. Our hypothesis is that the
formation of meaning about the mathematical concept under investigation
may be impaired without some further support from the communicative
situation beyond the verbal expression.
III. THE EMPIRICAL INVESTIGATION: THE ROLE OF MULTPLE
CHANNELS OF INPUT ON THE DEVELOPMENT OF NEW UNDERSTANDING
A.

Overview

In the present study, we investigate the effects of an instructor's verbal
and nonverbal speech on students' learning. The message in the
instructor's verbal message explains how to approach a written mathematical equation. We then compare the effects of the verbal message to the
effects of the same verbal instruction accompanied by gesture or by a
concrete representation of equivalence on a child's ability to solve a set of
mathematical equivalence problems - that is, to change his or her current
less-than-fully correct approach to a set of problems.
B.

The MathematicalConcept: Equivalence

The concept of equivalence is not trivial in mathematics, or in other
domains. The particular context in which we examine children's
understanding of this principle is in the context of the additive operation
(i.e., addition). In this additive context, equivalence explicitly refers to the
fact that two sides of an equation sum to the same total amount (e.g., 5 +
3 = 8 or 70 = 30 + 40). We chose addition because it was a relatively
familiar context for the students (all students were approximately ten years
old), and they had had at least four years of formal schooling in which this
context was a focus of instruction. We also note that the size of the
addends in the problems we chose were small (all between 2 and 9). We
did this to limit potential difficulty in working with large numbers. For
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these reasons (i.e., familiarity with addition and the use of small numbers),
we were fairly certain that we were investigating the understanding or
misunderstanding of equivalence and not of addition.
The problems that we gave the children consisted of equations with
three single-digit addends on the left side of the equation and one singledigit addend and a blank (__) on the right side of the equation. As an
example, one of the problems that was used with the children was: 3 + 4
+ 5 =
+ 5. To the adult instructor (and to every adult we have
worked with), a correct solution to the example problem is 7. In other
words, 3 + 4 + 5 = 7 + 13 While a correct solution is apparent to
adults, this is not true for children. In previous work, Perry (1991) and
Perry, Church, and Goldin-Meadow (1988) reported that ninety percent of
the more than one hundred fourth- and fifth-grade children in several
studies could not solve any problem like these based on the equivalence
relationship.
Even in a cross-national investigation of children's
mathematical knowledge, Stigler, Lee, and Stevenson (1990) found that a
majority of Japanese, Chinese, and U.S. fifth-grade students solved
problems such as these by violating the equivalence relationship. Instead,
children often interpret the equal sign as an operator symbol that
"produces" a particular number; they fail to realize that the equal sign
implies a relational quality 4 The point of this is that children and adults
+ 5.
do not share an understanding of problems such as 3 + 4 + 5 =
Thus, this context (i.e., problems tapping understanding of the equivalence
relationship in the context of addition) was ripe for investigating how a
shared understanding could be reached. The understanding that we hoped
would be shared by the end of the investigation was that both sides of the
equation should sum to the same total amount.
C. Participants
Fifty-six fourth- and fifth-grade boys and girls were recruited to
participate. These children were approximately ten years old at the time
of participation, and the children's ages ranged from eight to ten. Thirtythree of the participants were girls and twenty-three were boys. All of the
children attended public school in a small midwestern town. Permission
for participation was obtained from the child, his or her parent or
guardian, the classroom teache; the principal, and the school district.

13. Other correct solutions to this problem exist, such as 3 + 4 or 2 + 5, etc. Any correct solution
provided by the child was used as evidence to infer that the child understood the mathematical problem
in terms of the equivalence relationship.
14. Baroody et al., 1983; Behr et al., 1980; Kieran, 1980; Renwick, 1932.
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D. Design and Procedure
All children were asked to solve a four-problem test of mathematical
equivalence, (such as 3 + 4 + 5 =
+ 5). Almost every child solved
every one of these four problems fairly sensibly, but incorrectly 5 One
typical incorrect approach would be to add all of the numbers preceding
the equal sign and place that total in the blank (i.e., all numbers on the left
side of the equation; and place a 12 in the blank in the present example).
Another typical approach would be to add all of the numbers available in
the problem and put that number in the blank (i.e., put a 17 in the blank
in the present example). The instructional goal of our investigation was
to reach a shared understanding with as many students as possible that
both sides of the problems we presented should sum to the same total
amount. The particular procedure that children would choose for deriving
the solution was irrelevant to our aims in this investigation.
Each child was assigned randomly to one of three conditions: (1) Verbal
Instruction about how to solve a problem written on the blackboard (2) the
same Verbal Instruction of the written problem Accompanied by Gesture
or (3) the same Verbal Instruction of the written problem Accompanied by
Gesture with the additional request that the child actually solve the
problem, using objects to represent the problem. For ease of presentation,
we refer to these conditions as: (1) Verbal Only, (2) Verbal + Gesture, and
(3) Enactive Representation.
In each of these three conditions, students were provided with an
unambiguous verbal explanation of the mathematical principle of
equivalence. We will begin by describing the instructional sequence in the
Verbal Only condition and, in subsequent paragraphs, describe the
additional information provided in the Verbal + Gesture and in the
Enactive Representation conditions.
In the Verbal Only condition, the instructor began by writing an equal
sign (=) on the blackboard. She asked the student, "What's this called?"
After obtaining a correct response to the question (all students were correct
and called it "equals" or "equal sign"), she asked the student, "What does
that mean?" No matter what the student said, the instructor repeated
precisely the same defining information about the equal sign. She said, "It
can also mean same number as, so whenever you see that sign, what you
need to do is make sure one side of the problem is the same number, same
amount as the other side." She continued by presenting a novel problem

15. Three of the 56 children (5%) solved one or more problems correctly (two children solved one
problem correctly and one child solved three problems correctly). The reason that these three children
were included was that our initial decision was to include any child who solved any problem incorrectly.
Note how rare it was that any child would solve any problem correctly.
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to the student on the blackboard. She said, "Let's say I gave you this
problem, three plus four plus five equals blank plus five" as she wrote the
problem (3 + 4 + 5 =
+ 5) on the blackboard. She then offered, "What
you need to do is make both sides balance, or weigh the same. Can you
tell me what you do with this problem?" At this point, the student was
expected to provide a response indicating how he or she would solve the
problem. In all cases, the students complied and attempted a solution to
the problem.
In the Verbal + Gesture condition, each student interacted with the same
instructor and heard the same instructions, saw the same problems
presented on the blackboard, and was requested to solve these same
problems, exactly as in the Verbal Only condition. The only difference
between the Verbal + Gesture condition and the Verbal Only condition
was that students also saw the instructor provide several natural-like but
scripted manual gestures along with the verbal explanation and written
example of the problem. The gestures came along with two of the
instructor's utterances. The first gesture came when the instructor said, "It
can also mean same number as, so whenever you see this sign, what you
need to do is make sure one side of the problem is the same number, same
amount as the other side." Here, the instructor made several indicative
gestures. When she said "this sign" she again wrote the equal sign,
locating the equal sign as the focal point in the instructional dialogue.
When she said "what you need to do is make sure one side of the problem
is the same number, same amount as the other side," she first pointed
(with her whole hand) to the left side of the equation (while she was
saying "one side of the problem") and then to the right side of the
equation (while she was saying "the other side.") Our intention was that
this reference to the equal sign and then to the two sides of the equation
would highlight the salient and distinguishable features of the equation.
We also intended that if "side of the problem" was an ambiguous referent
for the student (as it might be given that the form of these problems was
novel to the students), the gestures to the two sides of the problem would
serve to disambiguate this particular intention of the message.
The second sort of gesture came when the instructor said, "What you
need to do is make both sides balance." At the point in the utterance
when the instructor said "make both sides balance," the instructor provided
a balancing gesture, with both palms down, across the span of the equation
(i.e., while facing the blackboard, her left hand was positioned at the left
side of the equation and her right hand was positioned at the right side of
the equation) as if her hands were the two ends of balance scale, which
eventually came to a level rest, indicating that the items weighed the same
amount.
During the Enactive Representation instruction, the student heard and
saw everything that was available in the Verbal + Gesture instruction. In
addition, after the Verbal + Gesture instruction was provided, each student
-
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was introduced to a real, concrete balance scale. The instructor took the
scale out of her book bag and said, "Now what I'm going to do is show
you how you can use the balance scale to help you solve this problem.
I'm going to represent this left hand side of the problem [here, she pointed
to the left side of the equation that remained on the blackboard] on the left
hand side of the balance scale. I'll put three, four, and five." (Here, she
actually placed unit weights on pegs located directly below the numbers
3, 4, and 5 on a balance scale; see Figure 1 for a depiction of the
apparatus.) Then the instructor asked, "What do you need to do to the
right side to make both sides balance?" The student then made a decision
about what had to be done to the right side of the balance scale so that the
scale would remain level. After the student had made a decision, the
student placed the weights on the scale and watched what happened,
thereby obtaining feedback about the solution (i.e., either the scale tipped
right, tipped left, or remained level). The instructor then asked the
student, "Why do you think that happened?" This process continued until
the child actually made both sides balance. Following the instruction, the
student was presented with four new problems, comparable to those
initially given to the student.

FIGURE 1.

E. Results
When we began to analyze our data, the first question we addressed was
whether any of the children in our sample actually benefited from
instruction. We needed to ask this question first because it only makes
sense to understand what sort of instruction prompted learning if some
children actually learned. Indeed we found that some of the children
benefited from the instruction. In particular 29 out of the 56 children (or
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52% of the children), by the end of their involvement with this project,
successfully could demonstrate understanding of mathematical equivalence
on each problem presented to them (i.e., shared an understanding of
equivalence with the instructor). Note how dramatic this is, given that
almost all of the children (95%) began by solving each of the problems
incorrectly Thus, we have evidence that children can benefit from the
content of the information provided in the instructional interventions that
focuses on the goal of the problem.
Next we asked the question that is at the crux of this investigation: Does
instruction that includes either gesture or enactive representation lead more
children to share an understanding of equivalence with the adult than the
same verbal instruction without these nonverbal supports?
We found that the development of new understanding is much more
likely when students are exposed to a gestured representation of equivalence or participate in finding equivalence with a balance scale than when
these nonverbal components of instruction are absent. The data presented
in Figure 2 suggest that the form of instruction most certainly matters.
Moreover, instructional information presented only in the auditory
modality may have left children in a representationally impoverished state
as they attempted to construct an understanding of mathematical equivalence.
13
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Figure 2. Number of children who learned immediately following each instruction
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IV

CONCLUSIONS

The results of the present investigation indicate that availability of
multiple channels of input facilitates the acquisition of new knowledge
about a complex concept. More specifically, knowledge acquisition was
facilitated when information provided by the instructor contained a
nonverbal (i.e., gestured) component or required the learner's active
involvement with the equivalence principle. The instructor's gestural
expressions may have functioned to highlight the components and
processes central to the concept of equivalence (e.g., the instructor
produced a "balancing" gesture when describing the goal of making both
sides of the problem equal). The enactive component may have functioned in a similar way. It appears that when the learner is ripe for
cognitive change and when a visual image accompanies a sensible auditory
message or expression of the concept, that nonverbal image can facilitate
crystallization or internalization of the concept.
A comparable argument may be made for the learner's active participation in the teaching-and-learning situation. In particulai; the learner's
involvement with the content may allow the learner to make sense of the
content in a way that is difficult to achieve without active participation.
The learner's active participation also serves the function of alerting the
teacher about the learner's state of understanding, and thus will lead to a
greater likelihood that a shared understanding will be reached between the
communicative partners.
It is possible that the sorts of communicative features that we have
identified as important for children in their acquisition of school-related
knowledge may be generalized to adults and to knowledge beyond schoolrelated topics. Indeed, there is no reason to doubt that the nonverbal
support of gesture and of enactive representation would serve similar
purposes in adult learning situations. We note that the importance of
nonverbal, manual gestures in aiding comprehension of a spoken message
has been well documented for adults.' 6 We conclude that gestural
communication necessarily supports or adds to the meaning of verbal
communication, for children and for adults.
Further, enactive representations have been pointed to as critical or even
essential components of learning situations for adults. As an example,
Lave and Wenger (1991) have documented the importance of active
participation in the acquisition of knowledge for adult learners. 7 Their
claim is that "engagement in practice.. .may well be a condition for the

16. E.g., McGurk et al., 1976; McNeill, 1992.
17. Their examples are: learning to become midwives, tailors, quartermasters, butchers, and
nondrinking alcoholics.
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effectiveness of learning." ' In general, we conclude that the communicative features that we directly investigated for effects on children's
learning (i.e., gesture and enactive representation) also operate in adult
communicative situations, and in much the same way as in communicative
situations with children.
What about other content domains? Can we say that gestures and
enactive representations facilitate shared understanding of content other
than mathematics, including science, literature, and even law? We think
that the answer is "yes," that these communicative features have the power
to facilitate shared understanding in a wide range of content domains.
While our controlled investigation was limited to mathematics, much of
the research that we have cited throughout this article focused on other
content areas. For example, we note that McNeill (1992) investigated
narrative understanding; Goldin-Meadow, Wein, and Chang (1992)
investigated conservation understanding; and Kite (1987) investigated
science understanding. Thus, prior research has established the importance
of nonverbal channels of communication in multiple content domains.
While we are unaware of research that addresses this question specifically with respect to legal issues, it seems quite likely that both gestures and
enactive representations would play a role in facilitating an understanding
of legal concepts. With respect to the role of gesture, we can imagine that
an abstract legal concept, which is explained with a clear verbal message,
will be understood better if the message is accompanied by supportive
gestural information. With respect to enactive representations, we are
reminded of two sorts of evidence that suggest a close link between the
development of enactive representations and construction of legal
understanding. First, it seems apparent that the meaning of the law would
take on new dimensions if the interpreters of the law had been active
participants and had developed enactive representations of the circumstances and principles pertaining to the law. We see mock trials as an example
of this phenomenon. In this case, we expect that law students gain an
enriched understanding of the multiple features of legal representation
when they are required to perform as if they were in a court of law.
Second, enactive representations privilege us with enhanced knowledge,
which may lead to a biased understanding (i.e., a unique understanding
developed from personal experience) and to a familiarity and a vivid
understanding that may be unattainable without direct experience (which
leads to the development of enactive representations). An example of this,
which is directly tied to legal practice, is that an acceptable reason for
dismissing potential jurors is that they have had an experience similar to
that which is being tried. The assumption is that these potential jurors
possess knowledge that may bias or block their ability to be receptive to

18.

Lave et al., 1991: 93.
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the particular or unique facts of the case. The point here is that the legal
community acknowledges that enactive representations, developed from
first-hand experience, provide us with knowledge that is significantly more
enriched than knowledge gained from second-hand or more distant
sources.
V

SIGNIFICANCE

We have two take-home messages, two points about the significance of
the results that have been presented. The first message is pragmatic and
the second is theoretical. Pragmatically, and quite simply, shared
understanding between communicative partners may be facilitated when
information is illustrated with nonverbal representations of the concept (via
gesture or enactive representation), or hindered if these representations are
absent. This phenomenon may be especially true in instructional
situations, such as classrooms (including law classes) and tutoring
situations, and may be true in formal communicative situations more
generally (including those that take place in a courtroom) as well as in
informal communicative situations (including discussions between lawyer
and client).
Theoretically the participant (e.g., a student or a juror) who is trying to
grapple with some new concept or is attempting to come to understand the
message expressed by his or her communicative partner may be unable to
integrate perfectly good advice about how to understand an abstract
concept such as equivalence (or some other abstract concept, such as
equality or justice) unless that advice is couched in some (even ephemeral)
concrete embodiment.
We note that when the information provided in the intervention led to
the outcome we had hoped for, this information was presented in multiple
channels of communication, rather than in a single channel. Moreover, it
is difficult to imagine that the nonverbal supports could communicate the
intended message clearly without the appropriate verbal message.19 This
suggests that while we argue for adding nonverbal or enactive components
to clear spoken messages to enhance the likelihood of reaching shared
understanding, we are aware that much of the weight of the message is
carried in the verbal channel. Simply put, we argue that the evidence that
nonverbal and enactive components add to the likelihood of reaching
shared understanding is compelling, but we would not argue for presenting
these components in the absence of a clear verbal message.
We claim that there is a richness encoded in nonverbal and nontextual
aspects of a message that significantly adds to the creation of shared

19.
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meaning. That which is tacit or implicit (such as aspects of context,
intonation, identity of the speaker, text represented in bold face, and
nonverbal manual gesture, among others) is potentially informative
because, without these, the formation of a shared understanding may be
significantly impeded. In this sense, that which is implicit in a message
is crucial for successful communication in a way that is different than the
explicit (verbal or written) component of the message. We claim that
these different message components may be responsible for different
aspects of meaning creation and argue that both may be essential for the
formation of a shared understanding.
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