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Abstract Previous studies have shown that teachers’ gestures are beneficial for student

learning. In this research, we investigate whether teachers’ gestures have comparable

effects in face-to-face live instruction and video-based instruction. We provided sixty-three

7–10 year old students with instruction about mathematical equivalence problems (e.g.,

3 ? 4 ? 5 = __ ? 5). Students were assigned to one of four experimental conditions in a

2 9 2 factorial design that varied (1) instruction medium (video vs. live), and (2)

instruction modality (speech vs. speech ? gesture). There was no main effect of medium:

The same amount of learning occurred whether instruction was done live or on video.

There was a main effect of modality: Speech instruction accompanied by gesture resulted

in significantly more learning and transfer than instruction conveyed through speech only.

Gesture’s effect on instruction was stronger for video instruction than live instruction.

These findings suggest that there may be a limit to gesture’s role in communication that

results in student learning.
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Introduction

Teachers regularly produce gestures, which are hand movements that accompany speech,

as part of their instructional communication (Alibali et al. 2013; Flevares and Perry 2001).

Do these gestures influence students’ learning? Abundant evidence from conversational

and narrative tasks indicates that speakers’ gestures influence listeners’ comprehension of

speech (Hostetter 2011). Thus, it stands to reason that teachers’ gestures should affect

students’ comprehension of teachers’ speech and therefore influence student learning.

Indeed, as we review below, many past studies have shown that teachers’ gestures are

beneficial for student learning. However, little is known about the ‘‘boundary conditions’’

on this phenomenon. For example, do the beneficial effects of teachers’ gestures depend on

the medium of instruction? In this research, we investigate whether teachers’ gestures have

comparable effects in live instruction and video-based instruction.

Why Study Gesture?

Gestures are ubiquitous in a wide range of communicative settings, including conversation

(e.g., Church et al. 2007), narrative (e.g., McNeill 1992), and instruction (e.g., Crowder and

Newman 1993; Singer et al. 2008). Moreover, speakers of all ages produce gestures,

suggesting that gesture’s function is not tied to a particular developmental stage or age

group (McNeill 1992, 2005).

Gestures convey information using the hands in two primary ways: by pointing (e.g., to

objects, locations, or inscriptions, such as pointing to a number on the blackboard), and by

expressing iconic imagery related to the content of the accompanying speech (e.g.,

depicting the two pans in a pan balance scale with the hands while saying ‘‘it balances;’’

McNeill 1992). Iconic gestures are thought to reflect speakers’ mental imagery, which

consists of simulated actions or simulated perceptual states. Simulated actions or per-

ceptual states activate motor representations, and some researchers have argued that when

such representations are sufficiently strongly activated, speakers express them in gestures

(Hostetter and Alibali 2008).

Teachers regularly use both pointing and depictive gestures in instruction about spatial

and abstract concepts, which are common in science and mathematics. Instructional

explanations in math and science classrooms are often accompanied by rich gestural

representations that ‘‘ground’’ speech, either by connecting it to the surrounding envi-

ronment via pointing, or by expressing visual or spatial elements in depictive gestures (e.g.,

Alibali et al. 2011; Crowder and Newman 1993; Marghetis and Nunez 2013; Singer et al.

2008). In this work, we utilized a combination of pointing and depictive gestures in

instruction about a fundamental mathematical concept, mathematical equivalence.

Does Gesture Enhance Learning?

Systematic experimentation is needed to understand the role of gesture in learning from

instruction. Past experimental studies convincingly demonstrate that teachers’ gestures are

beneficial for students’ learning in a range of age groups and content domains, including 7-

to 10-year-old children learning about mathematical equivalence (e.g. Cook et al. 2008,

2013; Goldin-Meadow and Singer 2003), 5- to 8-year-old children learning quantity
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conservation (Church et al. 2004), preschool children learning about bilateral symmetry

(Valenzeno et al. 2003), and 5- to 9-year-old children learning balance (Pine et al. 2004).

As one illustrative example, Cook et al. (2013) presented videotaped lessons about how

to solve mathematical equivalence problems to 7- to 10-year-olds in classroom settings.

One lesson used speech alone, and the other included teacher gesture along with speech.

Instruction that included gesture resulted in significantly greater learning gains than

speech-only instruction, and these gains were maintained after a 24-h delay.

In the present study, we utilized instruction similar to that used by Cook et al. (2013).

However, we examined children’s learning individually, rather than in a classroom setting,

and we compared videotaped instruction with instruction presented live. In contrast to

Cook et al. (2013), we also occluded the instructor’s face, by having the instructor face

away from the viewer. We did so in order to control for any potential confounding effects

of facial expression, and to minimize the compelling attention that faces elicit from

viewers (Gullberg and Holmqvist 2006).

Does the Medium Matter?

The medium used to convey instructional information (e.g., on-line streaming, video, or

live) has recently been identified as an important variable that has the potential to influence

learning (Allen and Seaman 2006, 2009; Brophy 2004; Craig et al. 2009). If gesture serves

to convey information, as previous research has suggested, then we might expect that

gesture’s contribution to comprehension would be similar across different types of

mediums or forms of communication. However, it is also possible that gesture could have a

greater impact in one medium than in another.

Video is compelling for viewers, and it may help learners focus on instruction.

Therefore, gesture may not be necessary to support speech comprehension in video-based

instruction. Live, face-to-face instruction is the more typical medium for instruction.

However, there are often other distractors in classrooms, so learners in face-to-face

instructional settings may rely more on gesture to support attention to the instructional

input. For these reasons, gesture could prove more beneficial in instruction presented

‘‘live’’ than on video.

Alternatively, it could be the case that live instruction is simply more compelling than

video instruction. The debate over whether live instruction is better for learning than online

instruction has centered around the degree of student engagement, with live instruction

being more engaging and thus leading to more learning than online or virtual media

(Euzent et al. 2011; Zang et al. 2006). Thus, it could be that teacher gesture promotes

student engagement and therefore learning when instruction is presented on video.

In this research, we conducted a controlled comparison of the effectiveness of gesture in

live and video-based instruction, in order to address the generalizability of gesture’s role in

learning across different mediums. Past research has documented beneficial effects of

gesture in instruction in both live instruction (e.g., Goldin-Meadow et al. 1999; Singer and

Goldin-Meadow 2005) and video instruction (e.g., Church et al. 2004; Cook et al. 2013;

Valenzeno et al. 2003), and on this basis, we predicted that gesture would be beneficial in

both media. To our knowledge, no research to date has involved a controlled comparison of

the effects of gesture in these two media. One relevant study of toddler’s action imitation

revealed that 24- and 30-month-olds’ imitations of complex actions were more accurate

after watching a live model than after watching a model on TV (Hayne et al. 2003).

However, this study examined only the imitation of complex actions, and not the impact of
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gesture in instruction on learning. Moreover, this study involved very young children who

may not have understood the symbolic representation in the video.

In this study, we controlled the content of instruction and varied both the medium of

instruction (live or video) and the modality used in instruction (speech alone vs. speech

plus gesture). Our goal was to explore the effects of gesture on learning in video versus live

instruction. Given the findings from previous research, we hypothesized that gesture would

be comparably effective in both media.

Task Domain: Mathematical Equivalence

To address these issues, we provided 8- to 10-year old children with instruction about a

fundamental mathematical concept, mathematical equivalence, which is the idea that the

two sides of an equation represent the same quantity. In past research, lessons about this

concept have often used mathematical equivalence problems, which are problems of the

form 3 ? 4 ? 5 = __ ? 5. American children in late elementary school often fail to solve

such problems correctly (McNeill 2005; Perry et al. 1988). Many children view the equal

sign as signifying ‘‘put down the answer,’’ and they frequently add only the numbers before

the equal sign, or they add all the numbers in the problem.

One type of instruction that has been shown to be beneficial for student learning about

such problems is instruction about the goal of making both sides of the equation the same.

Such instruction helps many children to solve these problems successfully and to gener-

alize their success to other problem formats (Alibali and Goldin-Meadow 1993; Cook et al.

2013; Perry et al. 1988). In this study, we use instruction about the goal of the problem and

we examine whether children learn to solve such problems and whether they generalize

their knowledge.

In brief, this research investigated the role of teachers’ gestures in students’ learning in a

mathematical domain. We seek to replicate past findings showing that teachers’ gestures

influence students’ learning, and we also examine whether teachers’ gestures have simi-

larly beneficial effects when they accompany live instruction and when they accompany

video-based instruction.

Methods

Participants

One hundred and twenty-two children were recruited from 3rd and 4th grade classrooms in

private and public schools and after-school programs. The project was carried out with

approval from the relevant Institutional Review Board as well as agreement from partic-

ipating schools and institutions, and consent of students and their parents or guardians. To

obtain agreement from public institutions (i.e., public parks or after-school programs)

background checks were also required for project staff. Private schools were recruited via

personal contacts and prior affiliations. Participation was voluntary, and each child and

their parent or guardian provided consent. Each child received a small gift in exchange for

participation.

Children from all 3rd and 4th grade classes in participating schools and institutions were

recruited because previous research demonstrated that understanding the equal sign is dif-

ficult for American children in these grades (Perry et al. 1988). However, to be included in the
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study, children first had to provide consent. In addition, to participate in the full study

protocol, children had to have basic abilities to add and multiply. These abilities were

evaluated with two simple problems in the pretest (3 ? 4 = __ and 2 9 3 = __). Also,

because we were interested in learning, children completed the full study protocol only if they

were unable to solve any of the equivalence problems (e.g., 3 ? 4 ? 5 = __ ? 5) on the

pretest. Of the 122 participants recruited, 15 did not demonstrate competency on the pretest

basic addition and multiplication problems and 40 were already able to solve the pretest

equivalence problems correctly. In addition, three participants voluntarily stopped and one

participant was excluded due to a technical problem during data collection. Thus, the final

sample consisted of 63 participants.

These 63 children included 36 females and 27 males ranging in age from 7 to 10 years

(Mage = 109.57 months, or approximately 9 years). The sample was 64 % Caucasian,

18 % Hispanic, 13 % Bi-racial, 3 % Asian, and 2 % Middle Eastern. Participants were

drawn from both public schools (32 %) and private schools (68 %). Students were tested

individually either at their schools (60 %), at after school programs (25 %), or at other

locations, such as at the child’s home or in a research laboratory (13 %).1

Materials

For the pretest and posttest, we constructed 12 white poster boards, with each board

containing one standard problem with one addend repeated on both sides of the equal sign

(e.g., 3 ? 4 ? 5 = ___ ? 5). Six white boards were used for the pretest and six boards

were used for the posttest.

Lesson Materials

Two scripts were developed, one for speech-only instruction and one for speech ? gesture

instruction. The scripts were used for both the live and video conditions. Two videos, one

containing speech-only instruction and one containing speech ? gesture instruction, were

created using these scripts (see Table 1).

We implemented several controls to assure that the instruction conditions were identical

except for the presence of gesture. First, to control for speech cadence and intonation, the

audio of the speech from the speech ? gesture instruction video was superimposed on the

video containing speech-only instruction, so that the audio channels were identical. Sec-

ond, the instructor on the videotape was the same as the instructor for the live condition.

This instructor engaged in intensive rehearsal of the audio instruction and scripted gestures,

so as to replicate the same instruction when performing live as when making the video.

Third, the instructor wore the identical clothing and hairstyle for all instruction sessions.

Fourth, the distance between the child and the instructor (either live or in person) was held

constant (live teacher and video were 3 feet away from seated participant) for all

instruction sessions. Finally, because facial expressions can vary unknowingly and because

some research has suggested that addressees focus more on speakers’ faces than on ges-

turing hands (Gullberg and Holmqvist 2006), the instructor’s face was occluded. No lip

1 The gender and ethnic distribution of the included children did not differ from the excluded children (i.e.,
excluded for all reasons stated in the text). The proportion of females for those included versus excluded
participants was 53 % and 47 % respectively, v2(1, N = 68) = .10, p = .75. The proportion of Caucasians
for those included and excluded participants was 53 % and 54 % respectively, v2(1, N = 76) = .01,
p = .92.
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syncing was necessary because the instructor faced away from the camera in the video

condition and away from the child in the live condition. The instructor faced toward the

poster boards containing the math problems, but her gestures and the problems were visible

to the child observing the instruction (see Table 1).

Table 1 Script for video and live condition and screen shots of instruction

Script for Video and Live Condition & Screen shots of instruction 

Problem: 3 + 4 + 5 = __ + 5

Speech                                                     Gesture 
“The equal sign means 
that the total amount 
on the left side must 
be the same on the 
right side.  This will 
help us figure out what 
goes inside the blank.  
Let’s figure out how to 
do this.”

“Three plus four is 
seven. [Pause 2 
seconds]. Seven

Plus five equals 
twelve, and what 
number 

Plus five also equals 
twelve?  Five plus 

Seven equals twelve, 
and if you look at both 
sides they equal the 
same amount which is 
twelve and twelve.”

Sliding the left hand 
on the left side of the 
equation

Sliding the right 
hand on the right 
side of the equation

Pointing to 
equal sign

Pointing to 
blank

Pointing to
number 5

Pointing to add 
symbol

Pointing to 
number 5

Pointing to plus 
sign

Pointing to equal 
sign

Switch hands 
pointing to blank

Pointing to 
number 5

Pointing to add 
symbol 

Pointing 
to number 

Grouping 3 plus 
4

Pointing to 
add symbol

Pointing to 
number 3

Sliding the right hand 
on the right side of the 
equation

Pointing to blankSliding the left hand 
on the left side of 
the equation

Pointing to equal 
sign
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Pretest and Posttest of Equivalence Problems

Three types of equivalence problems were used in the pretest: (1) 6 standard problems,

which included equal addends on both sides of the equal sign (e.g., 3 ? 4 ? 5 = __ ? 5),

which were the focus of the instruction, and (2) 4 addition transfer problems, which did not

have equal addends (e.g., 5 ? 6 ? 7 = __ ? 9), and (3) 4 multiplication transfer prob-

lems with equal multiplicands (e.g., 3 9 2 9 4 = __ 9 4).2 The transfer problems were

not addressed in instruction, and they took different forms that required an understanding

of the meaning of the equal sign to solve correctly.

The posttest consisted of the same three types of problems but with different sets of

numbers.

Experimental Conditions

The experiment utilized a 2 (modality: speech-only vs. speech ? gesture) 9 2 (medium:

live vs. video) design, yielding the following four conditions: (1) video speech ? gesture

instruction (n = 26), (2) video speech-only instruction (n = 14), (3) live speech ? gesture

instruction (n = 11), and (4) live speech-only instruction (n = 12).

In the lessons, the instructor provided instructions about how to solve the six standard

equal-addend mathematical equivalence problems (see Table 1). Each problem was pre-

sented individually on white poster boards, and the instructor provided the scripted

instruction with or without gesture (depending on condition; see Table 1 for the script and

screen shots). The script describes how to make both sides of the equation sum to the same

total amount:

‘‘The equal sign means that the total amount on the left side must be the same on the

right side. This will help us figure out what goes inside the blank. Let’s figure out

how to do this’’ (see Table 1).

Procedure

Children were tested individually. Each child was randomly assigned to one of the four

instructional conditions prior to the testing session.3 At the outset of the session, each child

was asked to complete a paper-and-pencil pretest of six standard equal-addend equivalence

problems. Then the child was asked to explain to a researcher, one at a time, each of the 6

pretest problems, using the 6 white construction poster boards containing the problems.

These explanations were videotaped. Next, the child received instruction, either live or on

video, depending on the child’s condition assignment. Following the instruction, the child

was asked to complete a paper and pencil posttest of problems similar to the pretest, and

was asked to explain each of the six posttest problems one at a time, again using the

problem boards. These explanations were also videotaped.

2 The pretest and posttest can be provided upon request.
3 Children were randomly assigned to experimental conditions. However, there was variation in the number
of children excluded from each experimental condition. All children completed the pretest portion of the
protocol. If a child failed to solve the basic problems correctly or correctly solved some or all of the pretest
problems, they were then let go from continuing the protocol. This may have led to uneven N’s in the
experimental conditions.
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Learning

Participants’ solutions to the problems were scored as correct or incorrect. Note that

participants who produced any correct solutions or who could not answer the two basic

addition and multiplication problems (i.e., 3 ? 4 = __ and 2 9 3 = __) prior to the

pretest were excluded from the study. Therefore, any correct solutions on the posttest

demonstrated learning.

Results

Comparability of Experimental Groups

We first evaluated whether the experimental groups were comparable in terms of demo-

graphic factors and pretest performance. There were no significant differences across

groups in gender distribution, v2(3, N = 63) = 1.72, p = .63; school type (public vs.

private), v2(3, N = 63) = 3.35, p = .34; age in months, F(3, 59) = .52, p = .67; or dis-

tribution of Caucasian and non-Caucasian participants, v2(3, N = 62) = 2.19, p = .53.

We also examined whether the frequency of common incorrect strategies was compa-

rable on the pretest. Participants tended to use two types of incorrect problem-solving

strategies before instruction: (1) add all numbers up to the equal sign or (2) add all numbers

in the equation. The frequency of use of each of these strategies was comparable across

experimental groups at pretest: for use of the add-all strategy, F(3, 59) = 1.29, p = .29;

for use of the add-to-equal-sign strategy, F(3, 59) = .49, p = .69 (see Table 2).

Effects of Instruction on Learning to Solve Standard Equal-Addends
Problems

To analyze effects of instruction, we used mixed effects logistic regression in the lme4

package in the R statistics software (Bates et al. 2014). We started by fitting a model that

included the manipulated factors (medium and modality) and their interaction as fixed

effects, and that also included participant and problem as random effects. We then eval-

uated each fixed effect using a likelihood-ratio test in which we compared the model

containing the fixed effect of interest to an identical model in which only that effect was

removed. We used this approach to identify the best-fitting model, by removing fixed

effects that did not significantly improve model fit.

We first examined whether the manipulated factors (modality and medium) and their

interaction affected students’ learning, as measured by the number of correct solutions on

the standard, equal-addends problems on the posttest. The data are presented in Fig. 1.

Model comparisons revealed that the interaction of medium and modality did not improve

model fit. Therefore, we fit a main-effects only model, and we then compared this model to

models that excluded each of the fixed factors (modality and medium). Medium (live vs.

video) did not improve model fit, v2(1) = .59, p = .44. Modality did improve model fit,

but the improvement was only marginally significant, v2(1) = 3.46, p = .06. The best-

fitting model, which included only modality (and the random effects of participant and

problem), estimates that the odds of solving a standard problem correctly after instruction

that included speech ? gesture were 12.71 times (95 % CI [.98, 164.96]) the odds of

solving a standard problem correctly after instruction that included only speech.
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The data in Fig. 1 suggest that this effect of modality is driven largely by the video

condition. In light of past work documenting effects of gesture on learning in both live

instruction (e.g., Goldin-Meadow et al. 1999; Singer and Goldin-Meadow 2005) and video

instruction (e.g., Church et al. 2004; Cook et al. 2013; Valenzeno et al. 2003), we sought to

examine the simple effect of gesture at each level of medium. That is, we tested the effect

of modality within each medium, by analyzing data for each medium condition separately.

In each case, we compared a model with modality as a fixed effect to a random-effects only

model. With video as the medium of instruction, there was a significant effect of modality,

Fig. 1 Average proportion correct on standard equal-addends problems, addition transfer problems, and
multiplication transfer problems in each condition. The three pairs of bars on the left present the live
conditions, and the three pairs of bars on the right present the video conditions. The error bars indicate
standard errors

Table 2 Distribution of subject variables across experimental conditions

Live speech
only
N = 12

Live speech ?
gesture
N = 11

Video
speech only
N = 14

Video speech ?
gesture
N = 26

Proportion female 42 46 64 65

Proportion in private school 75 82 50 69

Proportion of Caucasians 75 73 50 64

Average age in months (at pretest) 107.75 (5.69) 110.58 (7.75) 108.60 (9.73) 110.50 (6.71)

Average number of add to the
equal sign strategies*

2.42 (1.73) 1.64 (1.80) 2.29 (2.02) 1.92 (2.37)

Average number of add all
the numbers strategies*

1.83 (1.80) 3.55 (2.42) 2.36 (1.55) 2.73 (2.46)

Standard deviation numbers are in parentheses. One missing data point for proportion Caucasian

* On the standard equal addend problems

J Nonverbal Behav (2016) 40:301–315 309

123



v2(1) = 3.90, p = .048. The model estimates that the odds of solving a standard problem

correctly after instruction that included speech ? gesture were 28.82 times (95 % CI [1.37,

604.79]) the odds of solving a standard problem correctly after instruction that included

only speech. However, this was not the case for live instruction, v2(1) = .24, p = .62.

With live instruction as the medium, participants succeeded at moderate rates regardless of

whether their instruction included gesture.

We also examined whether this pattern held at the level of the individual child. To do

so, we examined whether the proportion of children who succeeded on at least one posttest

standard problem differed across modality conditions, at each level of medium. When

video was the medium, a greater proportion of participants succeeded on at least one

posttest problem in the speech ? gesture condition than in the speech-alone condition,

v2(1) = 5.96, p = .01, / = .39. However, there was no association between modality

condition and success when live instruction was the medium, v2(1) = .52, p = .47,

/ = .15.

Effects of Instruction on Transfer

We next examined whether the manipulated factors (modality and medium) and their

interaction affected students’ transfer to problems that were not the focus of instruction.

For this analysis, we again used multi-level mixed models, with medium of instruction

(live vs. video), modality of instruction (speech only vs. speech ? gesture), and transfer

type (addition non-equivalent addends, multiplication) as fixed factors, and a full random-

effects structure, with participant, transfer type within participant, and problem as random

effects, and success on the posttest transfer problems as the dependent variable.

The data are presented in Fig. 1. Model comparisons revealed that none of the inter-

actions among the fixed factors significantly improved model fit; so we fit a main-effects

only model, and then we compared this model to models that excluded each of the fixed

factors. Medium (live vs. video) did not improve the fit of the model, v2(1) = .59, p = .44;

however, both modality, v2(1) = 5.35, p = .02, and transfer type, v2(1) = 4.43, p = .04,

did so. The best-fitting model, which included modality, transfer type, and random effects

of participant, transfer type within participant, and problem, estimates that the odds of

solving a transfer problem correctly after speech ? gesture instruction were 10.96 times

greater (95 % CI [1.67, 71.88]) than the odds of solving a transfer problem correctly after

speech-only instruction.

We then examined whether this general pattern held for each medium. With video as the

medium, there was a significant effect of modality, v2(1) = 6.68, p = .01. The model

estimates that the odds of solving a transfer problem correctly after the video

speech ? gesture lesson were 18.75 times (95 % CI [2.27, 154.95]) the odds of solving a

transfer problem correctly after the video speech-only lesson (see Fig. 1). However, this

was not the case for live instruction, v2(1) = .18, p = .67. With live instruction as the

medium, participants succeeded at moderate rates on transfer problems, regardless of

whether or not their instruction included gesture.

We also examined whether this pattern held at the level of the individual child. To do

so, we examined whether the proportion of children who succeeded on at least one transfer

problem differed across modality conditions, within each medium. We first examined the

posttest addition transfer problems. With video as the medium of instruction, a greater

proportion of participants succeeded on at least one addition transfer problem after

speech ? gesture instruction than after speech-only instruction, but this difference did not

reach significance, v2(1) = 3.01, p = .08, / = .27. With live instruction as the medium,
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there was no association between modality condition and success on addition transfer

problems, v2(1) = .10, p = .75, / = .07.

We performed the same analyses for the multiplication transfer problems. With video as

the medium of instruction, a greater proportion of participants succeeded on at least one

multiplication transfer problem after speech ? gesture instruction than after speech-only

instruction, v2(1) = 5.29, p = .02, / = .36. However, with live instruction as the medium,

there was no association between modality condition and success on multiplication transfer

problems, v2(1) = .38, p = .54, / = .13.

With respect to transfer type, the best-fitting model, which included main effects of

modality and transfer type (as well as random effects of participant, transfer type within

participant, and problem), estimates that the odds of solving the multiplication transfer

problems correctly were .15 times (95 % CI [.03, .69]) the odds of solving the addition

transfer problems correctly. We also examined whether this general pattern held for each

medium. In the live condition, there was a significant effect of transfer type, v2(1) = 4.33,

p = .04. The model estimates that the odds of solving a multiplication transfer problem

correctly were .04 times (95 % CI [.004, .51]) the odds of solving an addition transfer

problem. Thus, participants demonstrated greater success on addition transfer problems

(i.e., near transfer) than on multiplication transfer problems (i.e., far transfer). In the video

condition, the effect of transfer type was not significant, v2(1) = 2.29, p = .13; levels of

success were comparable for both types of transfer problems.

Discussion

Is Gesture Important for Learning, and Does the Medium Matter?

We asked what value gesture has when it accompanies speech during instruction.

Specifically, we asked whether the instructor’s gestures could facilitate children’s learning

about how to solve mathematical equivalence problems correctly. To address this question,

we examined learning in children exposed to video and live instruction, either with speech

alone, or with gesture accompanying that speech. We found that gesture was beneficial for

learning. In particular, gestures that accompanied speech instruction facilitated children’s

learning of correct strategies for solving mathematical equivalence problems and their

transfer of this new knowledge to new problem formats.

Our analyses of the effects of gesture within each medium revealed that gesture had a

significant effect in video instruction, but not in live instruction. Although additional data

are needed to draw definitive conclusions, this difference suggests that the effects of gesture

may depend on the medium of presentation. The pattern of data suggests that gesture’s role

is more critical when instruction is presented via video than when presented live. That is,

although speech-alone instruction led to substantial learning in the live condition, speech

with gesture was more beneficial for math learning in the video condition. At a broader

level, there is a need for a more nuanced understanding of when and for whom instructional

gestures are beneficial. The present findings are a step in that direction.

Why Does Gesture Enhance Learning?

Given that gesture is beneficial for learning, it is important to consider why. What does

gesture do to help get the instructional message across? One possibility is that teachers’
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gestures help learners to embody the concept being conveyed in speech. Many researchers

have argued that experiential learning is important for the construction of mathematical

knowledge (Ben-Zeev and Star 2001; Marghetis and Nunez 2013). When children are

asked to actually produce gestured strategies for solving equivalence problems, they are

more likely to benefit from instruction then when gesture production is not required

(Broaders et al. 2007; Wagner et al. 2003). Thus, there is something about gesturing to

mathematics problems that facilitates learning (Cook et al. 2008). We suggest that viewing

gesture in the video may help children to simulate the corresponding actions themselves.

It is important to note that this study differed from previous studies examining gesture

in instruction because the instructor’s face was occluded. Some prior studies allowed for

more naturally occurring behavior in the context of live instruction (e.g., Cook and Goldin-

Meadow 2006), thus, having less control over tone of voice and facial expression. The

present findings corroborate prior studies of video instruction that have shown that

instruction that includes gesture yields greater learning than speech-only instruction (e.g.,

Cook et al. 2013; Valenzeno et al. 2003). In these earlier video instruction studies, lesson

content and intonation were controlled, but the instructor’s face was either fully or partially

visible.

The present study reveals limits to gesture’s capacity to improve learning—gesture

significantly boosted learning and transfer from video lessons, but not from live lessons.

This finding is discrepant with prior studies that used live speech and gesture instruction

and found significant enhancement of learning relative to speech-only instruction. In our

study, speech-only instruction ‘‘held its own’’ in the live condition, whereas in the video

condition speech-only instruction was far less effective for learning. More experimental

works needs to be done to clarify the differential effects of gesture in live versus video

lessons.

One possible explanation for these findings is that direct human interaction, even

without face-to-face interaction, is more compelling than video-mediated input. Perhaps,

even as controlled and disengaged as the live instructor was in our study, her live presence

provided the promise of future interaction and engagement. In contrast, the video lesson

suggests no chance of future live interaction. Thus, children’s attention to the speech-only

instruction may have waned over the course of the video lesson. However, when the video

lesson included gestures, children were more attentive. This explanation highlights the

question of how gestures facilitate learning. Do gestures focus learners’ attention on

speech, or do the gestures provide an additional representation that provides redundant

information or that provides perceptually accessible information? We return to this issue

below in discussing limitations of this study.

Implications for Educational Practice

Our findings have implications for decisions regarding streaming video instruction versus

live instruction. Online education is becoming increasingly common. Our results suggest

that without careful examination of how video is processed by learners, the shift to online

instruction may inadvertently reduce the impact of instruction. Speech-only video

instruction was relatively ineffective for learning in our study. We suggest that designers of

video lessons should not rely solely on voice-overs or ‘‘talking heads’’ to communicate

lesson content, and should consider incorporating gestures.

These findings contribute to the growing body of work showing that gestures can be

beneficial for learning of traditional academic material. This holds true both for typically

developing children, like those in the current study, and also for second language learners
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(e.g., Church et al. 2004) and for children with special needs, such as children with Down

Syndrome (Wang et al. 2004). In this regard, it is worth noting that the present study was

not carried out in a laboratory setting with a highly selected population of typical learners.

Instead, this research was carried out primarily in schools and after-school programs, with

children from diverse backgrounds and from both private and public schools.

This study investigated gestures comparable to those that are spontaneously produced

by teachers during classroom interactions. Such gestures could be codified and incorpo-

rated into instruction. Indeed, there is evidence that teachers can incorporate specific

gestures into their instruction when they are taught to do so. For example, in one study, a

teacher received a brief tutorial about how to incorporate gesture in instruction about slope

and intercept. The teacher adjusted his gestures as requested, and the effects on children’s

learning were clear: children learned more from the enhanced-gesture lesson (Alibali et al.

2013).

The lessons that we used were highly controlled, but they incorporated many charac-

teristics of instruction as it takes place in schools. Moreover, the results of this study

corroborate those of Cook et al. (2013), who examined the effects of gesture in instruction

in a classroom setting. For these reasons, we believe our findings may apply broadly.

Limitations

This study attempted to establish the boundaries of gesture effects, and did so while

controlling variables that had not been controlled in previous studies. Our methodological

choices present both strengths and limitations. One strength of this work was the level of

experimental control. For example, we chose to occlude the teacher’s face in our lessons,

to control for extraneous factors such as varying facial expressions. At the same time,

however, this level of control also presents a limitation, as the lessons may have been

strange for the students. In the end, gesture’s contribution to communication may best be

understood in natural contexts in which gestures are authentically coordinated with other

aspects of communication, such as tone of voice and facial expression. However, we

believe that to understand the role of gesture in instructional communication, well-con-

trolled and systematic investigations are needed.

Our study took place in schools and after-school settings, both of which are natural

contexts wherein children typically experience instruction. At the same time, these envi-

ronments were not always conducive to learning, because of the normal hubbub as well as

the disruption of data collection. In addition, children in this study were taught one at a

time, as opposed to being taught in a classroom setting. Thus, the learning occurred in a

situation that was more akin to one-on-one tutoring than typical classroom instruction. In

this regard, however, it is worth noting that the benefits of teachers’ gestures have also

been demonstrated in the classroom (Cook et al. 2013).

Another limitation was that we used a relatively small, convenience sample of partic-

ipants. Participants were recruited from institutions with which the researchers had affil-

iations, and this limited the diversity of the sample, potentially limiting the generalizability

of our results. Future studies with greater power and a more diverse sample of participants

are needed. Another related limitation has to do with the language background of the

children. All children were from the city of Chicago and thus they may represent many

cultures and varying language experiences. In this study, we did not gather data about
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children’s language competencies, which could have influenced their processing of the

instructor’s speech and gesture.

Conclusion

In sum, this study showed that teachers’ gestures are beneficial for student learning,

especially in the context of video instruction. The findings suggest that gesture may be

more critical for learning in video instruction than in live instruction, although further data

on this issue are needed. Our findings warrant future studies that would take a similar

approach but expand investigation to other concepts, age groups, and media for presenting

lessons, and that also consider factors such as the language backgrounds of the participants.

The present findings help to establish some of the boundary conditions under which

gestures are beneficial. More broadly, our findings argue for the importance of teachers’

gestures, both in live instructional settings, such as classrooms and tutoring sessions, and in

video-based instruction.
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