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GESTURE’S ROLE IN REFLECTING AND
FOSTERING CONCEPTUAL CHANGE

Miriam A. Novack, Eliza L. Congdon, Elizabeth M.
Wakefield, and Susan Goldin-Meadow

Conceptual change is a powerful process by which people make a qualitative
shift in the way they understand a concept. Often researchers consider a child’s
verbal descriptions when trying to understand the process of conceptual change.
In this chapter, we step back from explicit verbal language to argue that an-
other representational format—the Spontaneous gestures we produce when we
talk—can offer a unique perspective on the process of conceptual change. We
first describe how gesture! can be an indicator of when a child will undergo a
shift in conceptual understanding. We then describe how the act of producing
gesture, or even seeing gesture, can play a direct role in enhancing and expedit-
ing conceptual change by helping the learner to integrate new ideas into their
pre-existing conceptual knowledge. We end by briefly discussing some of the
mechanisms through which gesture may have its effects, arguing that gesture’s
influence resides not in a single one of its properties, but in the unique combina-
tion of its intrinsic, defining features.

Gesture indexes moments of conceptual change

One of the unique features of gesture is that it happens with the hands, allowing
individuals to simultaneously express one idea in their speech and a separate
idea in their gesture, so called “gesture—speech mismatches” (Goldin-Meadow,
2003). A mismatch occurs when gesture conveys information that is different
from, but has the potential to be integrated with, the information conveyed in
the speech it accompanies (e-g., twitling one’s hands upward while saying, “he
walked up the stairs” to represent a spiral staircase). Note that cases where the
information in gesture and speech cannot be integrated are considered errors,
not mismatches (e.g., saying “left” while pointing to the right). In most cases,
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when a novice has produced a mismatch, the speaker will not have actually
integrated the information in gesture with the m:m.on:x_co: in speech, m.:ro:mr
the potential to do so is there. Indeed, that potential may be part of the impetus
for change. Research shows that when a speaker produces gesture—speech mis-
matches on a task, the learner is on the verge of conceptual change with respect
to that task (Church & Goldin-Meadow, 1986). In other words, mismatches
between speech and gesture precede and predict a learner’s moment of insight
(Goldin-Meadow, 2011).

One example of how gesture predicts children’s developing understanding

can be found in the classic Piagetian liquid conservation task. If a child who does
not yet understand the principle of conservation is asked 1wty he believes that the
water poured from a tall thin container into a short narrow container is now a
different amount, the child may respond with the explanation, “Because this one
[the taller container] is bigger than this one [the shorter container],” showing that
he is focused on only one dimension—the height of the containers. But exam-
ining the child’s gesture often reveals that the child knows more than he can say.
In a seminal study, Church and Goldin-Meadow (1986) coded the meaning ex-
pressed in these gestures, and found that some children produced speech-gesture
mismatches. For example, one child used a C-handshape to illustrate the widths
of the tall and short containers while talking exclusively about the heights of the
containers. Although this child expressed misunderstanding about the concept
of conservation in his speech, his mismatching gesture and speech indicated that
he was ready to learn conservation and, indeed, did learn when provided with
instruction. In general, children who produce gesture~speech mismatches while
explaining a task are particularly likely to benefit from instruction on that task,
suggesting that they were ready to learn. In this case, gesture serves as a non-
verbal marker for identifying children who are on the brink of understanding
this fundamental physical concept.

Gesture also has been found to serve as a marker of change in the domain
of mathematical equivalence, where children must understand that two sides of
a mathematical equation are equal to each other. Perry, Church, and Goldin-
Meadow (1988) found that children would give incorrect strategies in speech, but
correct strategies in gesture, while explaining their reasoning to problems such as
3+4+5=__+5. Forexample, a child gave 12 as the answer to the previous
problem and said, “I added the 3, 4, and 5, and got 12"— a solution that reveals
the misconception that an equals sign means add up the numbers 1o the left of the
equals sign. However, while explaining this incorrect strategy in speech, that same
child pointed to the 3 and the 4, indicating a different, correct strategy for solving
the problem, one that would allow her to group the first two addends to arrive at
the correct solution (because the remaining numbers on each side of the problem
are equal addends).? Children producing gesture—speech mismatches were again
more likely to profit from instruction than children producing gesture—speech
matches, suggesting that their gestures served as an indicator that these children

were on the brink of conceptual change.
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Gesture promotes conceptual change
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condition, the learnet’s attention was drawn to the wrong two numbers. Mrw
children also gleaned the idea of grouping two :E:_uﬂ‘m ?o:.a the me_ﬂ_:wmw t 3”
produced, as evidenced by the fact that they (and &m &:Ea.a: in the fu _( .no“.oQMm
gesture group) incorporated the grouping w:m_ﬁmm« ::.o their wwwwgvm_xw m:»_is
after training. The children had learned »z.n_ internalized a new problem-solving
strategy that they had only ever produced in gesture. , T
Gestures are not the only type of movement c.o:::o:; produced in i -
structional settings. Actions on representational w&.mmﬁ.w. m:w: as qmﬁrm_:z:oﬂl
manipulatives, are often used to help children gain insight into 9& icult vM >
lems. Yet recent work has demonstrated that children who _,mm:‘:ms B_m“ww&mm:
ing strategies through speech and gesture learn more mmx__u_v than ¢ _wv nam
who learned mismatching strategies through speech and ».o:o:m-o:-w .wwn_.c
In this study, Novack, Congdon, Hemani-Lopez, and Oo_m_:-zga,o,ﬁ AI, Y
taught children to produce either a grouping gesture ?.ESNM:E za,?:ﬂﬁ,\” M\mn
dends followed by a point to the blank) or a grouping action Q: ing :%_U::M v w
from the first two addends and holding them in the Sa:@. 0_:_,&@: in both g m rm_v
initially learned how to solve problems, but oz_.% children in the gesture gro ﬁv
were able to flexibly transfer that understanding to novel waoz,m:.g now_.ﬁmx s
and solve problems of a different format than they had seen in S»_::_Hum‘ _cw
in this case, learning through mismatching speech and .un:o:ml.osuo ._Q..w”m. ma
to shallow understanding, whereas learning through B_mzzﬁn?:m %m_wma m:&
gesture supported deep conceptual change that could be flexibly applied an

generalized.

Mechanisms of gesture ,

We have shown that gesture can reflect the process of conceptual w:m:mm. 4\@
also reviewed evidence suggesting that gesture can play a causal role in g_:_@wm
conceptual change about—giving learners new ideas. How does mmmn,:_..m_..w ay mw
role in conceptual change? We argue that gesture promotes oo:oﬂ?c»wn m:% m“
not through a single property or Emnr»:_m:n, pathway, but rat w~ n_nwcwr.m
combination of properties that it nacurally U::.mm ﬂomonrmw. To conclude ”AH:
chapter, we briefly discuss three of these nwowoncmm gesture’s nm_m:osmﬁwrmﬂwuw "
language, its reliance on the manual modality A.M.:m thus m:m»moﬂm:ﬁ M- r.m man
ual motor system), and its status as a representational mf:vo_. Althoug .”a_,mm\_ o
gesture's properties is not all-inclusive, it does emphasize how gesture’s differe
facets can combine to promote conceptual change. . .

First, because gesture and speech occur in 2.5 m.ﬁnnm:ﬁ H,doam:_ﬂ_mm. Wmﬂr?
ing allows for the simultaneous mxvnmm&os. of two _,Qmwm c.m.w ::m::ﬂo es). sh Eom
children to conceptually activate two pieces of information at the same .:3».,
in this case, through speech and gesture, has been mo::@ to have positive ef-
fects on learning (Alibali & Goldin-Meadow, _ccwv‘.._._‘:m effect may an_.: :M_
part, by helping learners activate and ::mmn.mnm multiple E_wo&mmmm while in :
state of conceptual uncertainty. Indeed, children learn more from instructio
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that contains two different strategies, one in speech and the other in gesture,
than from instruction containing the same two strategies in speech (Singer &
Goldin-Meadow, 2003). Critically, the timing of the bimodal information is
important—children learn best when the two different strategies are presented
simultaneously (one in speech ar the same as the other in gesture), and not when
the two strategies are presented sequentially (one in speech followed by the other
in gesture, Congdon et al., 2017).

Another important property of gesture may be jcs specific reliance on the
manual modality. Although it is possible to simultaneously express multiple ideas
through other modalities (e-g., visual/pictorial information can be combined
with auditory/verbal information, see Mayer, 2003), these non-body-based mo-
dalities may fall short, relacive to gesture. Indeed, we know that gesture enhances
learning even if it offers no new information beyond speech, but presents the
same information in a different format. For example, children taught to pro-
duce the same strategy in gesture and speech during math instruction recained
what they learned longer than children taught to produce the strategy only in
speech (Cook, Mitchell, & Goldin-Meadow, 2008). As another example, chil-
dren taught to produce the same information in gesture and speech learned more
about a language concept than children taught to produce the information only
in speech (Wakefield & James, 2015). Even gestures produced without any speech
at all can have positive effects on thinking and learning (e.g., Brooks & Goldin-
Meadow, 2016; Cook et al., 2008). Taken together, these findings suggest a sec-
ond mechanism through which gesture may be able to support learning and
conceptual change—its capacity to engage the manual motor system. Neural
evidence from previous work in the action learning literature suggests a long-
lasting benefit of learning through engaging the manual motor system (James &
Swain, 2011), and recent work shows a similar effect after information has been
learned through gesture (Wakefield, Congdon, Novack, Goldin-Meadow, &

James, under review).

Finally, although engaging the manual motor system clearly is important,
not all manual motor activity is useful for learning. For example, meaningful
gesture facilitates learning better than meaningless gesture-like hand movements
(Brooks & Goldin-Meadow, 2016), and supports transfer better than hand ac-
tions on objects (Novack et al., 2014). Thus, a third important feature of gesture,
its status as a representational action, is likely to be critical in gesture’s success as a
tool for conceptual change (Novack & Goldin-Meadow, 2017). As representa-
tional action, gesture differs from other types of actions (such as object-directed
actions) in that it occurs in the air, off objects, and therefore transiently represents
or references ideas, rather than creating change in the physical world. Object-
directed actions can cause learners to focus on irrelevant physical features of
objects or to be distracted by the alternative functions of the objects (Uttal,
O’Doherty, Newland, Hand, & DeLoache, 2009). Gestures, by contrast, are not
beholden to the affordances of any single object or set of objects, but instead
provide an abstract representation that highlights selected features of a concept
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his physical and metaphorical “distance” from wr.«.ﬂcm_.o_&moa and
or idea. This .v ﬁ_o.m an B.m_mwa:nﬁ to form a flexible representation of a new
R&-io_._m actions Sbmrn.»:_w_fme to novel contexts and situations. As gestures are
idea that is broadly »wE_nwr&, may even evoke schematic knowledge structures,
»,vwﬁ._‘mnﬂoa wm?mmmsnmﬁ__wmmmwooé image schemas, schematic no:nom::w:ﬁ:o:m, HE:
M“M_H_MM HMMM?N\WW% sensorimotor .?:m:o:m and language, and that help indi-
viduals organize perceptual information into abstract concepts.

Conclusion

We have shown that gesture is a powerful non-verbal cue 92._085,019 mwﬂwmﬂﬂmﬂw
conceptual change. Like language itself, gesture wnoﬁ,amm a :;Jn_o;. EM M:Snm s
thinking and provides an avenue through which new Sm.oazmow:. cani i
learner’s cognitive system. But despite its power to mmm.mon 95. ing wa::.h ::Q:n.,
gesture is comparatively understudied and its influence is often Hm:oﬁm n i
tional settings. Here we emphasize the _.s%o:m:n.m of taking mmwn:”w w:m W s relaion
to spoken language into account irm.: qomam_,,or_:m conceptua /M\ mﬂm«d ¢ when
developing learning interventions or Ewﬂcn:,o:m_ amnrs_@:am‘: e ﬁm o% sed
mechanisms that may help explain why gesture is such a powerfu mw:.:wm _mmm:ms
ing the way for a better understanding of s.ra,s and 70<.< to 552” _M ! MW arnin Mn
We suggest that gesture may be most useful in Eo:.;o:wm mo:nmvr: E:m_uma >
because of any single feature it possesses, but because it brings toget m_” an ol
powerful mechanisms within a single process. In other words, although it is pos ble
for other cues to engage the manual motor w«mnozw to occur at M.rm mma\w Hw,:mrmwo
speech, or to serve as representational symbols, no single tool per orms w: fhese
functions and at the same time. Gesture's power may stem from a ::__n_:M« co "

tion of properties that collaborate to form a useful tool for conceptual change.
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Notes

i icti 1 1 eill
1 Here. "gesture’ refers to iconic, metaphoric and deictic gestures as defined by McNe
1992). . e
2 m.rn »van_-ﬂo-oo:m_-:mz strategy expressed in %wwnr seems, on &m Eamﬂnm.ﬁmnm m< ™
) compatible with the grouping strategy expressed in gesture. However, the s 2\
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speech reveals that the child has, at some level, recogni i i

the problem into two parts, an insighe thar has the i i
grouping strategy expressed in speech.

References

Alibali, M. W., & Oo_&:-?_ommo:., S. (1993). Ommncnn-mvmmor mismatch and mechanisms
of learning: Whar the hands reveal about , child’s state of mind. Cognitive Psychology,
23, 468-523,

Broaders, S. C, Cook, S. W, Mitchell, Z., & Goldin-Meadow, S, (2007). Making chil-
dren gesture brings out implicit knowledge and leads to learning,
tal Psychology, 136, 539-350. mo_.;o;omw\ooca-mrzm._uo..rmm@

Brooks, N., & Goldin-Meadow, S. (2016). Movin
set the stage for learning. Cognitive Science, 40(7), 1831~1849. Qo:op:_\nomﬁwvo@

Church, R. B, & Goldin-Meadow, S. (1986) i
speech as an index on transitional knowledge. Cognition, 23, 43-71. doi: 10.1016/
0010-0277(86)90053-3.

Congdon, E. L., Novack, M. A., Brooks, N. B, Ig;i-honﬁ, N, O’Keefe, L., &
Goldin-Meadow, S, (2017). Better together: Simultaneous presentari

ion and retention, Learning and Iustruc-

tion 50, 65-74. rz?\\ax,ao».gmlo.35&._Q_Es.zmﬂcnnouNou.oom_

Cook, S. W, Mitchell, Z., & Goldin-Meadow, . (2008). Gesturing makes learning last.
Cognition, 106, 1047-1058. n_o:o._oﬁm\_.,oom::_,o:‘Noow.oa‘ouo.

Goldin-Meadow, S, (2003). Hearing gesture: How our hands help us think, Cambridge, MA:
Belknap Press of Harvard University Press.

Goldin-Meadow, §. (2011). Learning through gesture. WIREs: Cognitive Science, 2, 595-607.
d0i:10.1002/wes.132.

Goldin-Meadow, §., Cook, S. W., & Micchell, Z. A, (2009) Gesturing gives children new
ideas about math. Psychological Science, 20, 267-272. doi:10.1 H~M\.H..Emw-cmmo.mooc‘omwoﬂx.

James, K. H., & Swain, S, N. (2011). Only self-generated actions create sensory-

motor systems in the developing brain, Developmental Science, 14, 673-687. doi:10.
H:_\u.zowrw@mﬂwoﬁo.oug_.x.

Mandler, J. M. (2004). The Fou
Oxford University Press,
Mayer, R. E. (2003). Cognitive theory of multimedia 1

The Cambridge handbook of multiniedia learning (pp. 40-7
versity Press.

McNeill, D. (1992). Hand and mind:
University of Chicago Press.
Novack, M. A., Congdon, E. L, Hemani-Lopez, N

Journal of Experimen-

ndations of the mind: Origins of conceptual thought. New York:

earning. In R. E, Mayer (Ed),
2). New York: Cambridge Uni-

What gestures reveal abour thought. Chicago, 11: The

L& Goldin-Meadow, . (2019).

- Psychological Science, 23,
903-910. ao:ogku\oowauowouuﬂwuﬂ.

Novack, M. A., & Oo_a_,:-?_o»aoeﬁ S. (2017). Gesture as Representational Action: A
paper about function, Psychonomic Bulletin and Review, 24(3), 632665 doi:10.3758/
$13423-016-1145-2.

Perry, M., Church, R. B, & Goldin-Meadow. S, (1988). Transitional wsos._mamw in the

»3:_.&,:,05 omn.osgv? Qc.m:::& Development, 3,359—400. doi: No.uoa\ommmlwo?:mmv
90021-4.

Singer, M. A., & Goldin-Meadow, S. (2003). Childre

n learn when their teacher’s gestures
and speech differ. Psychological Science, 16, 8589,

I




104 Miriam A. Novack et al,
"Doherty, K., Newland, R., Hand, L. L., & Um—.omnrm.. J AN%\QWN.DWMW._
Useal, D. H. .O: and SM::E:W of concrete and symbolic ~.€~2¢:EMMMP il
. A . .
TP e, 30, 136-150. doi:10.1111/§.1730-8606.2009.00097 -
opmen ?aﬂ\m Ow:ngo: E., Novack, M., Goldin-Meadow. S.. & James, K. H. A_MV j
zswmmmav, mwmm__,i:w Msm:r through your hands: The neural effects of gesture-base
review). ' Y
i tion in 8-year-old children. i . . hikdrens
MA:MMM E. M., & James, K. H. (2015). Effects om_mmas_\sw 5\:_” mmmw:ﬂw_%w”._ (ldren:
‘ i : A SV 07y, . - . N
ﬁbn:an&nm:&:m ofa new language concept. Developmental Psychology

10.1037/20039471.

10

IMPLICIT CONCE
AND STUDENTS'

MODEL DEVELOPMENT |

David E. Brown

The work I discuss here is 852030:3@ to work

metaphor and learning in science

Redish, 2015; Jeppsson, Haglund, & Amin, 2015)

l

PTUAL DYNAM ICS
EXPLANATORY

N SCIENCE

done focusing on conceptual

(e.g., Amin, 2009, 2015; Dreyfus, Gupta, &

these implicic image schemas with conscious, linguistically articulated ideas, In

cious imagistic reasoning, wich , recog-

nition of the tmportance of linguistic resources (Cheng & Brown, 2010). Amin

(2009, 2015) has used the term “construal”

language-based resources with i

meaning of linguistic expressio

of these “linguistic construals”

construals” as students

tures. This general dynamic v
seductive and ::m:_m:n»:v\ suppo

to indicate the interplay of conscious

mplicit conceptual metaphors in m:ao%amﬁ_.:m the

ns of both studens and experts. To consideration

T would like to add consideration of “imagistic
make meaning of conscious images of phenomena or
models through connection wich implicit image schemas,

out the need ro consider students’ conceptions as

has a number of advantages over the Intuitively
reed mechanistic view of students’ conceptions

(Brown, 2014; Brown & Hammer, 2013), bue it remains a view of the general

CUses on conscious ideas, implic

an an exploration of specific student ideas. Here

e on students’ specific conceptions, which fo-
it ideas, and thejr interplay.

Exploring conscious and implicit ideas

In the early 1990s, I co
ploring their ideas of el

nducted some interviews w

ectricity

and simple circuics

ith high school students, ex-
- Much prior work had been




