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The movements we make with our hands both reflect our mental processes and help to shape them.
Our actions and gestures can affect our mental representations of actions and objects. In this paper,
we explore the relationship between action, gesture and thought in both humans and non-human
primates and discuss its role in the evolution of language. Human gesture (specifically represen-
tational gesture) may provide a unique link between action and mental representation. It is
kinaesthetically close to action and is, at the same time, symbolic. Non-human primates use gesture
frequently to communicate, and do so flexibly. However, their gestures mainly resemble incomplete
actions and lack the representational elements that characterize much of human gesture. Differences
in the mirror neuron system provide a potential explanation for non-human primates’ lack of rep-
resentational gestures; the monkey mirror system does not respond to representational gestures,
while the human system does. In humans, gesture grounds mental representation in action, but
there is no evidence for this link in other primates. We argue that gesture played an important
role in the transition to symbolic thought and language in human evolution, following a cognitive
leap that allowed gesture to incorporate representational elements.

Keywords: gesture; mental representation; evolution of language; embodied cognition;
primates; mirror neurons
1. INTRODUCTION
A growing body of evidence suggests that movements of
the body not only reflect processes of the mind but can
also influence them. We focus here on one particular
type of movement—representational gesture. These
gestures have the potential to provide a link between
action and thought because gesture offers a vehicle not
only for representing information about action, but
also for representing that information outside of the
context of real-world acts. Representational gestures
are hand movements that often resemble the actual
movements involved in acting on objects (e.g. rotating
the hand in the air as though twisting a jar lid). However,
gestures represent rather than replicate actions. Unlike
actions, gestures do not bring about physical change in
the environment (the twisting motion does not actually
open the lid). They can, however, change how we (and
others) think and speak, and may have played a central
role in developing the human ability to think and speak.

In this paper, we review and discuss the relationship
between action, gesture and mental representation
in humans, and assess the comparative evidence
for a link between action, gesture and thought in
r for correspondence (cartmill@uchicago.edu).
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non-human primates. We begin by reviewing studies
of action’s influence on thought, focusing on evidence
that experience doing actions affects the mental
representations of those actions. We then turn to a dis-
cussion of human gesture. After describing how and
when gesture is used, we address gesture’s relationship
to action. Representational gestures can depict action
in a number of different ways—for example, the hand
can represent the hand of an agent performing an
action on an object, the object itself or the trajectory
of the motion. We end our discussion of human gesture
by exploring gesture’s influence on mental represen-
tation, and conclude that gesture can have a stronger
influence on thought than action itself. In fact, it has a
unique ability to act as a bridge between thought and
action because it is both kinaesthetically close to
action and yet also symbolic.

In the final section, we turn to action representation
and gesture in non-human primates (specifically, mon-
keys and apes). We review evidence that non-human
primates are adept at understanding and performing
actions, but suggest that they are not able to represent
actions symbolically in gesture. We focus on the naturalis-
tic (i.e. not human-taught) gestures of great apes and
compare them with human gestures. Although there are
many differences between human and ape gestures (syn-
chronization with vocalization, systematic patterning,
social motivation to share information), it is the ability
to represent action through gesture that seems to be
This journal is q 2011 The Royal Society
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unique to humans and key to the differences in non-vocal
communication. Non-human primates can use gesture
in complex ways, but their gestures are often abbrevia-
ted versions of actions, and are not representational or
‘symbolic’ in the way that many human gestures are.
Moreover, unlike the human mirror neuron system, the
monkey mirror system does not respond to manual
representational gestures, suggesting that the mirror
system may play an important role in distinguishing the
way action and gesture are processed in humans versus
non-human primates. We conclude that gesture does
not serve as a bridge between action and cognition in
non-human primates and that building this bridge may
have been an important step in human evolution.
2. ACTION AND THOUGHT
(a) The relation between action and thought

The mind and the body have historically been studied
as separate entities, leading to the view that cognition
and action are independent domains (see [1,2] for dis-
cussion). Recent theories of human cognition suggest
that the mind is not an isolated system but rather is
integrated into the body’s sensorimotor systems, and
that our representations of objects and events are
linked to our experiences of acting on the world (e.g.
[3–7]). This embodied approach to cognition places
a heavy emphasis on the idea that our mental repre-
sentations of objects, events and many types of
information we encounter arise from (and are linked
to) our physical experiences interacting with the
world. For example, when asked to make preference
judgements between non-sensical letter sequences,
skilled typists preferred pairs of letters that are typed
with different fingers on different hands (letters that
would be physically easier to type if one were to type
them) than letters typed with the same finger.
Novice typists with little previous typing experience
had no such preference [8]. Importantly, neither
group could explain the differences between the
letter pairs, suggesting that the skilled typists’ prefer-
ence was unconsciously based on their previous
motor experience of how easy or hard it was to type
the presented letters. All else being equal, we generally
prefer what is easiest to act on, perceive, read, etc. Our
prior sensorimotor experiences are so tightly linked to
our mental representations that they can influence our
thinking about objects or events even in scenarios far
removed from relevant actions (e.g. [8]).

Despite growing evidence that action influences
thought, the process through which action interacts
with representation is not well understood. Some pro-
pose that neural representations of objects and events
are built upon neural activations that arose during
past experience interacting with objects and events in
the world (e.g. [3]). Under this view of embodied cog-
nition, mental representations of objects and events
reflect, and to some extent rely on, traces of neural
activation (or ‘perceptual symbols’) caused by past
real-world interactions (for a review, see [6]). Others
propose that the physical limitations of brain size
require that areas primarily responsible for one type
of ability be reused for a range of purposes and that
these overlaps are primarily responsible for neural
Phil. Trans. R. Soc. B (2012)
co-activation during physical and mental tasks [9].
Under this view, concepts of particular objects need
not be grounded in the actions a person has performed
on that object, but rather in the exaptation of one area of
the brain for use in another area. For example, finger
sensitivity and mental arithmetic involve the same area
of the sensorimotor cortex, and disruption of the
shared area leads to both acalculia and finger agnosia
[10]. Under the neural reuse view, this co-activation
might arise because the shared circuit is specialized for
sequencing information or representing arrays, rather
than because mental arithmetic is grounded in counting
on one’s fingers [9]. The neural reuse theory does not
deny that action can influence thought, but the theory
stresses that not all thought is necessarily grounded in
action. The disagreement is one of degree, not of kind.
(b) How does action experience affect action

representation?

The theory of embodied cognition maintains that the
processing or representation of particular actions
relies on prior experience doing those actions. In this
view, action representation grows out of action experi-
ence. The theory predicts that experience with an
action should affect subsequent thought relating to
that action. Research shows that experience perform-
ing an action can influence thought about that action
in at least three different ways. It can affect (i) percep-
tion of the action, (ii) discrimination of the action, and
(iii) comprehension of language related to the action.

Experience performing an action can change how
that action is processed in the brain when it is observed
(i.e. how the action is perceived). Studies using func-
tional magnetic resonance imaging (fMRI) found
that when experts in one dance style were shown a
video of that style, areas of their brains involved in
action observation and production showed greater
activation than when they watched a video of an unfa-
miliar dance [11,12]. By testing male and female ballet
dancers who perform different moves but are familiar
with the moves of their partner, a follow-up study
demonstrated that it was the dancers’ experience of
doing an action, rather than their experience of watching
their partner perform an action, that accounted for the
greater neural activation [13]. These studies suggest
that the neural systems involved in action production
influence the neural systems involved in action
perception; specifically, having previous experience per-
forming an action is correlated with activation of
sensorimotor brain regions when observing that action.
Previous motor experience also influences memories of
items or objects that we have encountered in the past
and the degree to which we like the objects in question
[8,14,15].

The kinetic experience of performing an action can
help people identify that action even if they have not
seen it performed. Casile & Giese [16] blindfolded
participants and taught them to swing their arms as
if walking using an atypical gait pattern (one with a
phase difference of 2708 between the left and right
arms rather than the typical 1808). Participants who
had the kinetic experience of performing the arm
motions corresponding to the atypical gait were more
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successful at visually discriminating videos of unfami-
liar gaits that had phase differences similar to the one
they had experienced in training than were partici-
pants who had not received the training. However,
they were not better at discriminating unfamiliar
gaits with other phase differences. These results indi-
cate that specific experience of performing an action
improves the ability to visually recognize that particu-
lar action—even when the person has never seen the
action before.

Previous experience of performing an action can
also affect how language related to the action is under-
stood and processed. Using fMRI, Beilock et al. [17]
measured the comprehension and processing of
language related either to ice-hockey movements or to
everyday actions. Half of the participants had extensive
experience playing ice hockey; the other half had none.
The authors found that both groups showed similar
comprehension and processing of language related to
common actions. However, the group with hockey
experience showed greater comprehension of language
related to hockey moves than the group without
hockey experience. Importantly, the relation between
experience and comprehension was mediated by
neural activation in the dorsal premotor cortex (believed
to be responsible for the selection and planning of well-
learned motor sequences [18,19]). The more hockey
experience individuals had, the greater their level of
activation in this area, and thus the greater their com-
prehension of hockey-related language. This finding
demonstrates that when people hear language related
to actions they have previously performed, brain regions
involved in planning those actions are activated, which
may help them process the language faster and interpret
the meaning more accurately than individuals who
have not had experience performing the actions. The
findings also support previous studies that point to the
importance of the left dorsal premotor cortex in audi-
tory comprehension of language related to familiar
actions [18–22].

Taken together, the studies outlined above provide
support for the embodied cognition framework—
namely that the internal representations used to perceive,
discriminate and comprehend action and action-based
language are associated with the sensorimotor system
used to perform these actions [6]. Greater experience
performing a certain action strengthens the recruitment
of the sensorimotor system in internal representations
of information about this action—even in the absence
of the overt action itself.
3. GESTURE AND THOUGHT
Gesture forms an integrated system with speech
and contributes to the meaning listeners glean from
speech [23–25]. For example, listeners are more likely
to grasp the message conveyed in speech if it is
accompanied by a gesture conveying the same message
as speech than if it is accompanied by no gesture at all.
Conversely, listeners are less likely to grasp the message
conveyed in speech if it is accompanied by a gesture con-
veying a different message than if it is accompanied by
no gesture at all [26,27]. But gesture goes beyond mod-
ulating the listener’s comprehension of speech—it can
Phil. Trans. R. Soc. B (2012)
convey information on its own. For example, listeners
can extract information from gesture even if that infor-
mation is not found anywhere in the accompanying
speech [26,27]. Not surprisingly, since gesture forms
an integrated system with the speech it accompanies,
gestures produced in the context of speech are often dif-
ficult to interpret when presented in an experimental
situation without speech [28].

There is considerable evidence that gesture plays a
role for the speaker as well as for the listener—that it
has cognitive as well as communicative functions.
Speakers gesture when their listeners cannot see their
gestures (e.g. on the phone or when speaking to a
person behind a barrier over an intercom [28,29]).
More strikingly, congenitally blind speakers (who
have never seen anyone move their hands when they
talk) gesture and do so even when addressing blind
listeners [30]. Findings such as these indicate that ges-
turing serves a function not only for listeners, but also
for speakers themselves. Indeed, speakers are more
fluent, producing fewer errors and verbal hesitations,
when they are permitted to gesture than when they
are prevented from gesturing [31,32]. Gesturing
while speaking also frees up working memory: speak-
ers find it easier to remember a list of unrelated
items when they gesture while talking than when
they do not gesture [33–35]. Gesturing also provides
kinaesthetic and visual feedback that can directly aid
problem-solving. People can use gesture to work
through different solutions to a problem and gather
information about the alternatives through the visual
and motor feedback of their own gestures [36].
(a) What do human gestures look like?

Gestures take many forms. They can be performed with
the hands, head or other parts of the body, direct atten-
tion towards or away from the speaker and have
culturally shared forms or vary according to the speak-
er’s representations. For example, deictic gestures draw
attention to objects, people or locations in the environ-
ment (e.g. pointing at an object or holding it up for
display). Conventional gestures (or ‘emblems’) use a
standardized form to convey a culturally specific mean-
ing (e.g. an upward movement of the head used to mean
no in Turkey). Representational gestures capture aspects
of an action, object or idea either iconically (e.g.
moving two fists in the air as though beating a drum)
or metaphorically (moving two open hands in the air
as though weighing two sides of an argument). These
representational gestures are generated on the spot
rather than stored in a lexicon (as conventional gestures
are), and convey information about a gesturer’s thought
process or mental representation of an event [25,37].

Representational gestures that depict actions or
objects through an iconic mapping to real-world events
may be performed from either a first- or third-person
perspective. Gestures performed from a first-person per-
spective are referred to as character-viewpoint gestures
[25]. In these gestures, the gesturer assumes the role of
the person performing the action and his hands represent
the character’s hands—for example, swinging a closed
fist as if gripping the handle of a tennis racket as the ges-
turer describes a stroke he made when playing tennis.
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Gestures performed from a third-person perspective are
referred to as observer-viewpoint gestures [25]. In these
gestures, the gesturer does not assume a role in the
action but views it from the outside; his hands then
represent participants and objects in the event—for
example, tracing the path of a tennis ball as he describes
hitting it over a fence.

Not all representational gestures depict aspects of
real-world physical events. Representational gestures
can also be used to represent abstract ideas. When they
do, they are usually described as metaphoric because
they map abstract ideas onto physical actions or features.
The gestures themselves are not metaphoric; they convey
physical features, movement or space. Rather, the meta-
phor is contained in the relation between gesture and
speech, where speech communicates an abstract concept
and gesture adds a physical element to the concept, often
providing a link to an action that grounds the abstract
language in physical experience. For example, a person
might say, ‘we need to think about the future’ and
extend a hand forward, thereby displaying a temporal
metaphor in which the future is ahead of the speaker.
In one common type of metaphoric gesture, the speaker
gestures as if holding a solid object in one or more hands
while talking about an abstract concept or idea. By ges-
turing as if holding onto the idea, the speaker indicates
that she is treating the idea as a physical object, as
though it were a thing that can be given from one
person to another, lost, taken apart, etc. Metaphoric
gestures can also convey abstract relations by emphasiz-
ing parts of the accompanying speech or surrounding
physical environment. In one study of mathematical
problem-solving, children indicated that the two sides
of an equation should receive equal treatment by pro-
ducing the same sweeping motion under each side of
a mathematical equation during their explanations
[38]. Although the children’s gestures did not convey
traditional metaphors, they did highlight an abstract
relation (the notion of equivalence) by gesturing to
each side of the written equation in exactly the same
way. Examples such as these demonstrate how gesture
can ground even abstract ideas in physical actions.
(b) Gesture can represent action

Representational gestures are thought to be a type of
simulated action (e.g. [25,39]). Recently, Hostetter &
Alibali [40] proposed that these gestures result from a
direct extension of mentally simulated action and per-
ception. In their view, gesture arises when activation
spreads from the areas involved in action planning to
those involved in action execution. Character-viewpoint
gestures provide support for the view that gesture
is rooted in action simply because they resemble the
kinematics of actions on objects in the real world.

In character-viewpoint gestures, the actions of the
gesturer’s hands closely mimic the movements she
would make when performing the action in the real
world. This similarity may be used, in certain circum-
stances, to enact familiar action sequences while
reasoning or talking about real-world action. The pro-
prioception of performing familiar movements may
activate detailed mental representations of objects by
simulating acting on the world [41]. Streeck describes
Phil. Trans. R. Soc. B (2012)
the gestures a car mechanic made while talking about
problems with different cars. Because the mechanic fre-
quently encountered the same types of problems, he had
developed a set of ‘habitualized’ gestures he used when
faced with familiar problems. These gestures had similar
forms every time he used them (such as turning an invis-
ible ignition key or shifting an imaginary car into second
gear) and were closely based on the motor patterns he
used when solving the problems in the real world.
These types of routinized gestures lie somewhere
between iconic representational gestures and conven-
tional gestures because they use the same movement
pattern every time.

Peoples’ gestures tend to reflect their own experience.
For example, Cook & Tanenhaus [42] found that the
gestures people produced when talking about a particu-
lar task (the Tower of Hanoi puzzle) reflected their
kinematic experience solving the problem. The Tower
of Hanoi is a challenging task in which people are pre-
sented with an array of three pegs in a row and are
asked to move a stack of discs of different sizes from
one peg to another in a particular order so that larger
discs are never placed upon smaller ones and only one
disc is moved at a time [43]. Cook & Tanenhaus [42]
had adults solve the task and then asked them to explain
how they had solved it. When people completed the task
on an actual tower before describing how they solved it,
they used many character-viewpoint gestures in their
descriptions: cupping and moving their hands as if hold-
ing and transferring discs up and over the peg. When
people solved the task on a computer, they produced
fewer grasping handshapes during their descriptions
and the trajectory of their gestures was more likely to
reflect the horizontal path that the mouse followed
(i.e. they moved horizontally from peg to peg rather
than moving up and over each peg). Gestures represent-
ing actions on or by objects thus reflect the speaker’s
previous experience with those objects.

Gestures representing the use of objects in actions (as
in tool use) are cognitively complex. They require that
the gesturer represent not only the motion of the
action (say hammering) but also the object involved in
the action (the hammer). To depict the use of an
object, a gesturer must either gesture as if holding an
imaginary object, or use a body part (usually the hand
or finger) to represent the object involved in the action.
Imaginary object gestures are a type of ‘character-
viewpoint’ gesture because the hands are representing
the hands of the agent holding the object. Gestures in
which a body part represents an object are ‘observer-
viewpoint’ gestures because the gesturer does not act
as an agent manipulating an object but instead depicts
only the action of the object. Imaginary object gestures
more closely resemble the actions made when acting
on real-world tool objects (e.g. moving the hand
shaped as though holding a toothbrush back and forth
across the mouth when describing brushing one’s
teeth). However, they require that the gesturer have a
strong mental representation of the tool object involved
in the action because there is no physical placeholder
standing in for the tool. In contrast, gestures in which
a body part represents an object rely on physical substi-
tutes for the object involved in the action (e.g. rubbing
the index finger across one’s teeth during a description
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of tooth brushing) and thus might require a less strong or
detailed mental representation of the tool object than
imaginary object gestures.

Gestures depicting tool use have not been studied in
spontaneous conversation, but there is an extensive
experimental literature on the types of manual represen-
tations people produce when asked to pantomime how
tools are used. Adults pantomime these types of events
as if holding an imaginary tool in their hand most of
the time [44]. But 3- and 4-year-old children frequently
use body parts as stand-ins for the tool object rather than
manipulating an invisible tool [44–46]. For example,
they run their fingers through their hair when asked to
portray a hair-combing act, rather than pretending to
hold a comb and move it over their hair. One possibility
is that the children are not using their hands to represent
action, but are instead merely performing the act
with their fingers (i.e. literally combing their hair with
their fingers). The same phenomenon has been found
in aphasics [47] and schizophrenics [48], individuals
whose symbolic representation systems have been
disrupted.

It is unclear whether pantomimes elicited to portray
tool use are cognitively different from gestures spon-
taneously produced to communicate about tool use.
Some have argued that tool-use pantomimes involve
different neural substrates from those involved in pro-
ducing communicative gestures (see review in [49]), a
distinction supported by the fact that apraxic patients
who have difficulty producing tool-use pantomimes
have fewer (or no) problems producing conventional
gestures or meaningless hand shapes [50,51]. In contrast,
Frey [49], who finds no differences in activation dur-
ing tool-use pantomimes and communicative gestures,
argues that difficulty producing tool-use pantomime
is due to the cognitive demands of representing
absent objects.

Gestures in which hands represent hands (and act
upon imaginary objects) intuitively seem less cognitively
complex than those in which hands represent other
things. However, it is clear from the research on tool-
use pantomimes that manipulating imaginary objects
in gesture is a non-trivial task and involves more than
simply recreating the motor patterns performed during
actions on the real world. Mental representation of
non-present objects is difficult, and people with incom-
plete linguistic representation systems often rely on a
body part to stand in for the absent object. These diffi-
culties highlight the difference between performing a
movement sequence as part of a real-world action and
performing the same sequence as part of a represen-
tational gesture. The kinetic movements may be very
similar, but using movement to represent action adds
an additional level of complexity.

Gesturing from a first-person perspective (as in
imaginary object gesture) may be complex not only
because the gesturer needs to mentally represent an
imaginary object, but also because the gesturer needs
to take the perspective of the agent in the depicted
event. Character-viewpoint gestures as a whole seem
to involve a more sophisticated mental representa-
tion of events than observer-viewpoint gestures
because of the need to take the agent’s perspective
into account. This perspective-taking ability is
Phil. Trans. R. Soc. B (2012)
associated with narrative development in speech.
Young children’s ability to produce character-view-
point gestures is associated with better concurrent
narrative skills and predicts improvements in narrative
skill in the future [52].
(c) Gesture can influence thought

A great deal of research has shown that the spon-
taneous gestures speakers produce provide a window
onto their thoughts (see [37] for a review). But there
is growing evidence that gesturing can go beyond
reflecting thought and can play a role in changing
thought. In order to demonstrate that gesturing is cau-
sally involved in thinking, we need to manipulate the
gestures that speakers produce.

Broaders et al. [53] asked children to gesture while
explaining their solution to a math problem and sub-
sequently gave them instruction on the problems.
Children who were asked to gesture before the lesson
were more likely to benefit from the subsequent lesson
than children who were not asked to gesture. Many of
the children conveyed strategies in their gestures that
they had not expressed before being asked to gesture.
Being forced to gesture activated previously unex-
pressed concepts. In turn, this expanded repertoire led
the children to profit from subsequent instruction.

Gesturing can convey cognitive benefits to the
speaker even when speakers are told precisely how to
move their hands. Ehrlich et al. [54] gave a mental-
rotation task to two groups of children, each instructed
to gesture in a different way. In the task, children were
shown two unconnected shapes and were asked to
choose from an array of images the shape the two separ-
ated pieces would make if they were moved together.
The unconnected shapes needed to be moved horizon-
tally or vertically or rotated to create the final shapes.
During a mental-rotation lesson, one group was told
to show the experimenter with their hands how they
would move two pieces together. Children in this
group produced both character-viewpoint gestures
(e.g. rotating their hands as if moving the pieces) and
observer-viewpoint gestures (e.g. tracing the trajectory
that the pieces would take). The other group was told
to point to the two pieces. The children who produced
gestures (either character- or observer-viewpoint ges-
tures) representing the movement of the pieces
learned more from the mental-rotation lesson than did
children who produced pointing gestures [54].

As another example, Goldin-Meadow et al. [55]
taught children to gesture in a particular way during a
lesson on mathematical equivalence. The gestures (in
which a pair of numbers was grouped together by pla-
cing a ‘V’ handshape underneath them) conveyed a
novel ‘grouping’ strategy that none of the children had
used before. The children were then given a lesson on
mathematical equivalence and were told to perform
the gestures they had learned. Importantly, the new
grouping strategy was never used by the teacher, in
either gesture or speech. Children who had been told
to gesture using the grouping strategy improved more
from the lesson than children who were not told to ges-
ture. Moreover, the children who improved were very
likely to express the grouping strategy in speech on the
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post-test, even though they had never heard it expressed
in speech during the lesson. Gestures can thus instil new
ideas in learners—creating thought in addition to
reflecting it.
4. GESTURE AS A BRIDGE BETWEEN ACTION
AND THOUGHT
Both action and gesture can affect the mental represen-
tation of actions and objects, but gesture’s ability to
represent action offers a way to ground abstract ideas in
concrete actions. Gestures that represent action are
actions performed within an imagined world. When ges-
tures simulate action on or by objects, the objects
involved in the event must be represented mentally.
Actions, on the other hand, are performed on the phys-
ical environment. The objects they act on are present
and do not need to be represented mentally. Thus,
when we perform actions on objects, we are able to off-
load some properties of the task onto the environment.
However, when we use gesture to represent action on
or by objects, we must rely on mental sensorimotor rep-
resentations of the objects involved. This is particularly
true for gestures in which the gesturer’s hands manip-
ulate imaginary objects. Gestures in which a body part
is used to represent an object involved in an action are
symbolically complicated because they use one thing
(e.g. a hand) to stand for another thing (e.g. a tooth-
brush), but they also allow some cognitive offloading
because the hand serves as a physical placeholder for
the object.

Simulating an action on an imagined object in ges-
ture seems to strengthen the link between the action
and the mental representation of the object, and does
so more than performing the action on the object in
the physical world. Beilock & Goldin-Meadow [56]
asked participants to solve the Tower of Hanoi puzzle
with real discs, and then describe how they solved the
puzzle to another person. The largest disc was on
the bottom of the stack and needed two hands to lift;
the smallest disc was on the top and could be lifted
with one hand. Following their explanation, participants
were divided into two groups and given the task again.
One group solved the task with precisely the same
discs (no-switch); the other group solved the task with
discs whose weights had been reversed (switch)—now
the smallest disc on the top was the heaviest and
needed two hands to lift. Participants in the switch
group who had gestured with one hand when describing
moving the smallest (and lightest) disc found it harder
to execute the task the second time than the first. More-
over, their performance on the reverse weight task was
predicted by the number of one-handed gestures they
made during their explanation of the first task—the
more one-handed gestures they produced, the worse
they did on the task when the weights were reversed
and the smallest disc required two hands to lift. The ges-
tures produced by participants in the no-switch group
had no relation to their performance on the second
task. These findings suggest that people who used
one-handed gestures to represent moving the small
disc represented the disc as light, even though weight
was not a relevant factor in solving the task. Represent-
ing the small disc as light causes problems when solving
Phil. Trans. R. Soc. B (2012)
the problem a second time in the switch group
(where the small disc is no longer light), but not in the
no-switch group (where the small disc is still the lightest).
Importantly, when additional participants were given
the same tasks but without the explanation phase
in between, there were no differences between the
no-switch and switch groups—that is, switching the
weight of the discs had an effect on subsequent perform-
ance only when the participants gestured prior to the
performance, and only when those gestures were incom-
patible with the performance. In a follow-up study,
Goldin-Meadow & Beilock [57] found that gesturing
about the task more strongly influenced mental rep-
resentations of the actions involved in the task than
performing the task again (i.e. than acting on the
objects). These studies add weight to the claim that
representing action in gesture embeds embodied infor-
mation into mental representations of action. In fact,
when the effects of gesturing about action and acting
were pitted against one another, gesturing appeared to
have a stronger effect on the mental representation of
the action than performing the action itself had.
5. ACTION AND GESTURE IN NON-HUMAN
PRIMATES
Non-human primates (specifically simians, hereafter
referred to as ‘primates’) are extremely adept at per-
forming manual actions. Although not as dexterous
as humans, primates are nonetheless able to execute
a great number of manual tasks requiring fine motor
control (e.g. extractive foraging, delicate grooming
and tool use). They are also able to extract information
(including how to accomplish certain tasks) from
watching others perform actions. Moreover, some pri-
mate species, great apes in particular, use a wide range
of gestures in communication. Their gestures are used
flexibly and intentionally, and at least some communi-
cate specific meanings (see review in [58]). However,
the gestures that primates produce lack the represen-
tational elements of human gesture. Whereas many
human gestures symbolize actions and objects, ape
gestures primarily indicate the gesturer’s future actions
by performing an abbreviated part of the action that
would, in its full version, fulfil his or her goal.

(a) What do primates know about actions?

Primates are able to recognize particular movements in
themselves and to determine when their movements
are the same as those of others. They can easily learn
to perform new actions. However, they are more
likely to focus on the goal and the primary method
of an action than on the details of specific movements
used to achieve the goal [59]. This observation has led
some (e.g. [60]) to consider primates ‘emulators’ and
human children ‘imitators’, although meta-analysis
across studies shows that primates are capable of
both goal emulation and process imitation (see
[59,61] for discussion). Even though primates tend
to focus on obtaining desirable outcomes rather than
on a specific means for achieving those outcomes,
they are able to detect small details in movement.
For example, some ape species can recognize when
an experimenter is copying their movements exactly
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[62] and, like humans, apes that are being copied will
sometimes try to trick the copying individual into
performing bizarre actions or making a mistake. The
ability to recognize and learn both the kinematics
and goals of actions from others suggests that primates
have a mental representation of what action needs to
be performed on a particular object, and can form or
modify that representation without acting on the
object themselves. There is no evidence, however,
that primates are able to actively manipulate their rep-
resentations and rehearse their actions before they
attempt an action.

When solving unfamiliar tasks, primates are able to
modify their techniques and strategies in response to
information acquired during trial-and-error learning,
but there is little evidence that they reason through
multiple solutions to a problem (so-called ‘mental
rehearsal’) before undertaking any actions ([63]; but
see [64]). It is, of course, impossible to say exactly
what is going on inside the minds of non-human
primates during problem-solving, but they do not
exhibit the external behaviours that are associated
with mental rehearsal in humans, such as gesturing
or practising actions out of their functional contexts.

Early studies with great apes (e.g. [65]) suggested
that primates might, indeed, consider different poss-
ible outcomes when faced with difficult problems,
but there has been no consistent evidence of primates
either gesturing through or acting out different ver-
sions of their actions before they act. Kendon [66]
notes that several chimpanzees tested by Köhler [65]
on problem-solving tasks behaved as though they
were ‘acting out the wished-for state of affairs in a situ-
ation that [they treated] as analogous to the actual one’
([66], p. 210). In the examples Köhler and Kendon
describe, chimpanzees were presented with a challen-
ging task (stacking boxes, uncoiling a rope, lifting a
cage) that they had to perform to gain access to a
food item. Köhler describes several cases in which an
ape, when confronted with a problem, performed
non-functional actions or hand movements that were
not directed towards solving the problem at hand.
These actions or gestures were thought to be an indi-
cation of ‘working through’ the problem before
attempting a solution. In one such case, a chimpanzee
was presented with a room full of boxes and a banana
suspended in the air out of reach. The chimpanzee
moved one box underneath the fruit and then eyed
the distance from the box to the banana. Then he
retrieved a second box, ‘but, instead of placing it on
top of the first, as might seem obvious, began to ges-
ticulate with it in a strange, confused, and apparently
quite inexplicable manner. He put it beside the first,
then in the air diagonally above, and so forth’ ([65],
pp. 46–47). Kendon argues that the aborted actions
are ‘pre-enactments’ of different scenarios, and that
the chimpanzee ‘embarks on a course of action with
the second box, but each time foresees that its out-
come will not suit his purposes, so he cuts off,
changes course and tries again’ ([66], p. 210).

These examples are intriguing, but they were made
as real-time observations during problem-solving tasks
and there have been no comparable observations since
that would allow us to conclude that apes do use action
Phil. Trans. R. Soc. B (2012)
or gesture to plan their actions. The more common
view is that apes do not rehearse actions. In fact,
their lack of rehearsal has been used as evidence that
primates are incapable of ‘mental time travel’ (i.e. ima-
gining performing actions in the past or the future
[67]). Primates, like many animals, do perform modi-
fied versions of actions (such as biting, fighting or
courtship) during play interactions [68,69]. However,
while behaviours ‘rehearsed’ during play may help
young primates perfect adult behaviours and learn to
negotiate social situations, they differ from the tar-
geted mental rehearsal involved in thinking through
different versions of an action during action planning.
(b) Primate gesture

It is difficult to directly compare reports of gestures in
humans and primates because researchers working in
the two areas define gestures differently and often address
different questions. Researchers studying primates define
gesture as including not only visual movements of the
hand, face and body (visual gestures), but also move-
ments that come into contact with other individuals
(tactile gestures) and movements that produce audible
sounds (audible gestures). Primate researchers are also
more likely to focus on gestures that are directed towards
other individuals and discount similar movements made
when an animal is solitary. These decisions make it par-
ticularly hard to determine whether primates ever use
gesture as a cognitive aid outside of communicative con-
texts. The communicative gestures primates produce
can be directly compared with communicative gestures
produced by humans, although the challenges of deter-
mining when a gesture is intentionally communicative
and what the gesturer aims to communicate are more
difficult when observing primates.

Like humans, primates frequently use facial,
manual or whole-body signals in communication.
But primate gestures differ considerably from human
gestures, particularly when it comes to symbolic rep-
resentation of the world. Many non-vocal primate
signals appear to be involuntary responses to internal
emotional states like fear or excitation [58]. Involun-
tary signals can be effective in communicating the
presence of recurring events or goals (e.g. signalling
the presence of a predator or asking to mate), but
they cannot be employed strategically and almost cer-
tainly do not provide a cognitive aid in the way that
human gesture does. However, some types of primate
gestures are used flexibly in communication. These
gestures, observed predominantly in great apes, are
often referred to as ‘intentional gestures’ [70,71].

All great apes gesture to communicate. A large cross-
species comparative study of great ape gesture found
more similarities than differences in the types and
uses of gesture across species ([71]; see also [72–75]).
Each species had a comparable repertoire size of
20–30 visual and tactile gestures. Subsequent studies
have recorded species repertoires of up to 100 gesture
types (e.g. [76]), but these differences can largely be
attributed to how narrowly each gesture type is defined
in each study [77].

Great apes use gesture in purposeful and socially com-
plex ways. Their choice of when and how to gesture,
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particularly their choice of the tactile versus visual
modality (whether they touch or do not touch others),
is sensitive to whether they can be seen by others (e.g.
[71,76,78–80]). This finding is thought to be evidence
that apes take the visual attention of others into account
when choosing how or when to gesture. There is also evi-
dence that apes gesture to achieve particular goals. They
expect responses from others and often wait for a
response if a recipient does not respond immediately
(see results from several species in Call & Tomasello
[71]). Moreover, at least some ape gestures have specific
meanings, and apes often repeat, change or elaborate
their gestures when a recipient responds in an undesired
way [70]. When a recipient fails to respond at all to an
attempted gesture, apes will persist and elaborate their
gestures according to whether or not the recipient can
see them [81]. There is also some evidence that apes
(at least orangutans) tailor their communicative strat-
egies to how successful their initial communicative
attempt was, so that they repeat gestures more often
when communication has been partially successful and
use a wide range of gestures when communication has
failed completely [82].

(c) Comparison to human gesture

Though apes display a sensitivity and flexibility in their
gestures that indicate they can use gesture to communi-
cate intentionally, their gestures are distinctly different
from the gestures used by humans. Human and ape
gestures differ in the degree to which they are combined
in structured ways, whether they can communicate a
wide range of meanings, and whether they represent or
reference real-world events in the same way.

(i) Structure
Apes can combine gestures with one another, and two
apes can produce gestures in response to one another
in a communicative exchange. However, there is no indi-
cation that these sequences of gestures are combined
according to systematic patterns—either to attract atten-
tion before communicating a particular desire, or to
communicate a more complex meaning than is possible
using a single gesture. Apes’ gesture combinations are
typically either repetitions of the same gesture or different
types of gestures with the same meaning [83,84].

Humans rarely combine the spontaneous gestures
that they produce along with speech into gesture
sequences [25]. However, when humans gesture with-
out vocalizing (which is the typical situation for apes,
who rarely produce their gestures along with voca-
lizations), they not only routinely combine different
manual gestures with one another, but they do so follow-
ing a systematic pattern; in other words, they use devices
characteristic of human language. The clearest example
is the sign languages of deaf communities handed down
from generation to generation (e.g. [85]). However,
hearing individuals will also develop complex patterns
of gestures when they interact in circumstances where
speech is either impossible or inappropriate (e.g.
workers exposed to high noise levels or people following
religious conventions prohibiting speech), although
these systems rarely achieve the complexity character-
istic of sign languages. Kendon notes that ‘the more
generalized [the] circumstances are, the more complex
Phil. Trans. R. Soc. B (2012)
[the] systems become’ ([86], p. 292). Thus, systems
restricted to a specific type of interaction—say, operat-
ing heavy machinery—do not face pressures to adopt
greater complexity because they are not used frequently
enough, and in enough different scenarios to require
significant modification. When human gesture systems
are used frequently in a variety of situations—as in
the case of the sign languages of the Plains Indians
and Australian Aborigines—they begin to take on the
complexities of spoken language.

Strikingly, humans will combine gestures in language-
like ways even when they have never been exposed to the
structures of a conventional language (spoken or signed).
For example, deaf children whose hearing losses prevent
them from acquiring the spoken language that surrounds
them, and whose hearing parents have not exposed them
to a conventional sign language, invent gestures to com-
municate with the hearing individuals in their worlds.
These gestures exhibit many of the properties found in
human language, including a simple syntax based on ges-
ture order [87–91]. As another example, when hearing
adults with no knowledge of sign language are told to
describe a series of events using only their hands, the
sequences of gestures they produce tend to follow a sys-
tematic order [92,93]. Interestingly, all hearing adults
tested in this way display the same order (subject–
object–verb), an order that is found in half of the
world’s spoken languages, and they do so whether or
not the order is predominant in their spoken language
[94–97].

(ii) Meaning
In contrast to human gestures, ape gestures are almost
universally requests for a particular response from the
recipient. Tomasello & Camaioni [98] used this obser-
vation to draw a sharp contrast between ape and
human gestures, characterizing apes’ gestures as impera-
tive and children’s gestures as declarative. Where humans
(even infants) will gesture to draw attention to an object
or to comment on an aspect of the world, apes gesture
primarily to request others to interact or leave. Most of
the gestures of one ape genus (orangutans) can be cate-
gorized into only six types of requests: affiliate/play,
move away, share food/object, stop action, co-locomote
and take food/object [70]. Other ape species use gesture
to communicate fairly similar meanings (e.g. [76]). So,
whereas human gestures can communicate a potentially
boundless number of meanings, primate gestures appear
to be restricted to initiating, ending and moderating
frequent kinds of social interactions.

(iii) Representation
Another striking difference between ape and human
gesture is the lack of deictic and representational
elements in apes. Humans use deictic gestures to draw
attention to objects in the environment and represen-
tational gestures (i.e. character-viewpoint, observer-
viewpoint and metaphoric gestures) to refer to objects
or events. Great apes almost never use gestures deicti-
cally to draw attention to things in conspecific
interactions, although deictic gestures are sometimes
used by captive apes communicating with humans
([99,100]; for an example of deixis in the wild, see
Pika & Mitani [101]). Most importantly, the gestures
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apes use in their natural communication systems, even
when produced to communicate with humans, do not
seem to have any of the representational elements
found in human gestures. Many gestures appear to be
an incipient action reduced from a full-blown action
that evoked a particular response from a recipient in
the past; a process called ontogenetic ritualization
[71,98]. For example, a shoving action eventually
becomes the gesture ‘nudge’ or ‘shoo’ as the recipient
learns to predict the gesturer’s behaviour from the
start of the action and responds appropriately.

It seems likely that most ape gestures began as actions
and were co-opted into communicative devices either
during ontogeny (via ritualization) or over evolutionary
time [102]. Indeed, even the few ape gestures that have
been reported to be iconic could have been ritualized
from functional actions rather than representing actions
in the same way that human gesture does. One com-
monly cited ‘iconic’ gesture involves an ape’s gesturing
to indicate the direction it would like another to move
by brushing along the recipient’s body or swinging an
arm in the desired direction (e.g. [103–105]). It is poss-
ible that these gestures indicate the direction of desired
movement through iconic representation of the action.
But they also may be incipient actions or other move-
ments ritualized into gestures from what were once
effective pulling or guiding actions. If the latter is the
case, then the similarity between the movement of the
gesture and the desired action would be incidental
rather than an iconic representation of action.
(d) Could gesture serve as a bridge to thought

in primates?

It is clear that humans gesture not only to communicate
but also to aid their own cognition. The fact that humans
gesture to themselves (outside of communicative con-
texts or when they cannot be seen) has been taken
as evidence of gesture’s cognitive function. Unlike
humans, naturally reared apes have not been found to
gesture when alone or when they are behind a barrier.
In fact, apes choose not to use manual gestures when
they cannot be seen and instead switch to vocal signals
or auditory gestures (e.g. [79,81]). One methodological
difficulty in making this comparison between apes
and humans is that most studies of ape gesture require
that a manual movement be directed towards another
individual in order for it to be counted as a gesture
[102]—in other words, if an ape were to produce a ges-
ture-like movement in the absence of a partner, it would
not meet one of the criteria for a gesture.

Although we cannot conclude that the gestures apes
use have no effect on their cognition, it seems safe to
say that their gestures do not contribute to building
mental representations the way humans’ gestures can.
There is no evidence that apes use gesture in a truly rep-
resentational way. Their action-like gestures ‘represent’
actions through learned association, not by design.
Many, if not most, of the gestures apes use are ‘species
typical’ and do not differ across individuals or groups
[70,71,76]. Apes can use their gestures flexibly in
response to social and communicative contexts (varying
when and where they gesture and which gestures to use),
but the underlying forms of their gestures are probably
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chosen from a pre-existing repertoire. This tendency
to use the same gestural forms every time differs sharply
from humans’ use of representational gestures, in which
the exact forms are spontaneously generated during
communication; they are not emblems or lexical
forms—they have no ‘wrong’ forms.

Primates are excellent observersof actions and signals.
They can extract information about the world by learn-
ing relationships between the signals and subsequent
actions of other individuals or between others’ signals
and events in the external environment [106]. They
can understand, interpret and predict actions of others,
even when those actions occur out of view [107]. They
are able to learn complex novel actions through observ-
ing others [108], and this ability to socially learn
manual actions probably contributes to ‘cultural tra-
ditions’ in food processing or manipulation of objects
[109,110]. However, even though primates can process,
learn from and replicate actions, there is no evidence that
they can represent actions using gesture.

When placed in the right environment, apes can
acquire symbolic communication systems, learning
the associations between objects in the world and sym-
bols representing those objects. If apes are taught
human-designed communication systems (such as
modified American Sign Language or computer-
based symbols), their communication resembles, in
some but not all respects, the communication of a
2-year-old child (e.g. [111–114]). Moreover, there is
some indication that when apes are given access to a
symbolic representational system, they can use the
system for more than communication. For example,
one of the most proficient ape signers, Washoe, used
her signs appropriately when she was alone, signing
‘quiet’ when sneaking into a room or signing to her
dolls [115]. However, the vast majority of the com-
munication that language-trained apes produce not
only is directed towards another, but is also used to
get that individual to do something (i.e. to make a
request [116]).

We do not claim that primates are incapable of men-
tally representing actions or objects, but it is clear that
they do not represent actions or objects in their gestures.
Without representational gestures, primates cannot link
action to mental representation in the same way humans
do. It is noteworthy, however, that when primates are
taught a symbolic communication system, they do at
times exhibit behaviours—such as using communi-
cative signals outside of communicative contexts—that
suggest they may be able to use symbols to aid or
complement cognition (see, for example, [117,118]).
Language-trained apes provide an interesting compari-
son to both humans and non-language-trained apes
because they demonstrate the level of abstract cognition
apes can reach when reared in human-like conditions
and highlight the importance of rearing environment
in the development of cognitive and communicative
abilities.
6. GESTURE AND MENTAL REPRESENTATION IN
THE EVOLUTION OF LANGUAGE
The gestures primates use in their natural communi-
cation systems have only little in common with the
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types of human gestures we have discussed in this
paper (deictic, conventional and representational).
However, they do resemble human language more
than primate vocalizations do. Unlike humans, pri-
mates cannot learn new vocalizations (their vocal
repertoires are essentially fixed) and their vocalizations
seem to be elicited by emotional states rather than
employed intentionally to communicate particular
goals [119]. Primates have greater flexibility and con-
trol in manual communication than they do in vocal
communication. They can easily learn new hand
movements, and use gestures flexibly in response to
the visual attention and reactions of others. In fact,
this flexibility in primate gesture is often cited as
support for the theory that human language originated
as a gestural system.

Many have proposed that human linguistic struc-
ture first emerged in gesture and only later spread to
vocalization (e.g. [66,120–123]). The prevalence of
co-speech gesture in human language [25] and find-
ings that gesture precedes and predicts children’s
development of spoken language [124,125] demon-
strate that gesture is an integral part of modern
human language and not something layered on top
of an older verbal system. Representational gesture,
in particular, has been suggested as having provided
a means of communicating complex events before
human ancestors developed the ability to use shared
symbols [121]. Indeed, some argue that represen-
tational gesture (or, rather, pantomime) was a critical
stage in a progression from manual action to spoken
language and propose the mirror neuron system as a
neural foundation for this transition [126].
(a) Mirror neurons

The discovery of mirror neurons provides a possible
device through which primates might identify similarities
between their own movements and the movements
others produce. Mirror neurons are visuomotor neurons
found in area F5 (and other connected areas) of the
primate premotor cortex (roughly analogous to Broca’s
area in humans). They are unusual in that they discharge
both when a primate performs an action directed towards
an object and when it watches another individual
perform that same action [127–129]. These neurons
provide a link between perceived and performed actions
and are one possible mechanism through which observed
action could become simulated action.

The majority of work on primate mirror neurons
has been done on macaque monkeys using single-cell
recording techniques. These studies have found several
different types of mirror neurons distributed in dif-
ferent areas of the brain. Some neurons respond
primarily to the goals of actions (e.g. picking up an
object), whereas others respond to both the goals
and specifics of the movements (e.g. picking up an
object between two fingers) [130]. Primate mirror
neurons are primarily activated by the movements or
goals of grasping, placing or manipulating actions,
and most are specific to one of these actions (i.e.
they are activated by only one type of action [131]).
Importantly, however, most monkey mirror neurons
respond only when these actions are directed towards
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physical objects; they do not recognize movements
(such as gesture) that simulate goal-directed actions
in the absence of those objects [107]. Monkeys do not
have to see the object to activate the mirror system,
but they do have to ‘believe’ that the object is present.
For example, if a monkey is first shown an object and
the object is then hidden by a screen, the monkey’s
mirror neurons will fire when a grasping hand reaches
for the now-hidden object (although the response will
be smaller than when the object is visible [132]).
If the monkey is shown the grasping hand reaching
towards a screen without having first seen the object
behind the screen, the monkey’s mirror neurons will
not fire [132]. Thus, if a grasping movement is direc-
ted towards an empty space (as it would be during a
representational gesture), primate mirror neurons
will either not fire or produce only a weak signal
[131,133].1 Interestingly, primate mirror neurons
respond to the sounds made by manipulating specific
objects (e.g. ripping a piece of paper [135]) though
neither the action nor the object is visible. This
strengthens the argument that is it the ‘belief ’ that an
object is present, rather than the physical presence of
the object, that activates the mirror system.

Evidence for a mirror neuron system in humans
comes primarily from imaging studies (such as fMRI)
and techniques stimulating areas of the brain during
behavioural tests (such as transcranial magnetic stimu-
lation) [107,130]. The human mirror system appears to
have many of the same properties as the monkey mirror
system. It fires for specific motor patterns as well as the
goals of motor acts [130]. However, the monkey and
human mirror neuron systems differ in at least one criti-
cal respect: the monkey mirror neuron system does not
fire unless an object is present (or the monkey thinks the
object is present); the human mirror neuron system
does. The human mirror system responds to empty-
handed gestures, that is, to movements made in the
air, simulating actions made on an object but without
having the object present (though the brain areas that
respond to representational actions are not entirely
the same as those that respond to object-directed
actions [136,137]; see also Skipper et al. [138], who
find activation of the human mirror system during pro-
cessing of co-speech gestures). This neural response to
simulated action in the absence of objects may provide
the foundation for understanding gestures as represen-
tations of actions on or by objects. The important point
from the point of view of our discussion here is that this
type of neural response is found in humans but not
in monkeys.2
(b) A cognitive leap?

Arbib [139] proposes that the ability afforded by the
mirror neuron system to draw parallels between actions
of the self and others paves the way for complex imita-
tion and provides a foundation for the evolution of
neural mechanisms supporting representation through
pantomime. Pantomime, he argues, was a necessary
precursor to protosign, which when combined with
vocalizations, evolved into protolanguage in the human
lineage. The ability to recognize and imitate the
manual actions of others is undoubtedly necessary for
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a complex gestural communication system to emerge,
but it remains unclear how, when and why human
ancestors began using gesture to represent elements of
the world around them.

In the wild, primates are never exposed to represen-
tational gestures. Though many primate species have
a rich repertoire of facial, manual and bodily signals,
primate gestures lack the representational elements
characteristic of many human gestures. Although
some primate gestures have predictable meanings,
the meanings are not iconically represented (as many
human representational gestures are) nor are they cul-
turally variable (as human conventional gestures are).
Moreover, although primates can learn new gestures,
they do not seem to acquire them through cultural
transmission. The majority of gestures used by par-
ticular primate species do not vary greatly among
captive populations. Idiosyncratic gestures unique to
individual animals are frequently observed, but they
do not spread through populations to become group-
specific gestures as you would expect if gestures were
acquired via cultural transmission (e.g. [73–76]).
For primate gestural systems to have developed over
time to produce anything resembling pantomime or
conventional gestures, primates would have had to
develop the ability to add gestures to their communi-
cative repertoires by observing others. There is no
evidence that primates have this capacity.

Using manual gesture to simulate and represent
actions and objects outside of the context of acting on
real-world objects represents a cognitive leap in hominid
evolution. It is possible that increased demand for accu-
rate tool manufacture and use in human ancestors
drove many cognitive developments, including neural
lateralization, more complex mental representations
and complex manual imitation. These changes could
have altered the nature of the gestural communication
system, allowing human ancestors to acquire new
gestures through imitation and link them to repre-
sentations of actions. It seems likely, however, that
sweeping social changes would also have been necessary
for human language to develop. Studies in which
apes are taught human communication systems have
demonstrated that apes can learn new gestures or
symbols and use them referentially (although not
combinatorially), but even when acquiring symbolic
communication, apes do not develop the social and rep-
resentational milestones, such as theory of mind and
pretend play, that accompany language development
in young children.

The extent to which rearing environment, linguistic
development and cognitive development interact with
one another is a topic of great interest in human
research and is not at all understood in primates
[58]. A handful of studies have shown that apes
raised in a human-like environment exhibit cognitive
skills that apes reared in their natural social groups
do not exhibit [140,141]. However, it is not clear
which aspects of the rearing environment are most
influential and whether the cognitive abilities of
human-reared apes are truly different from those of
naturally reared apes; apes could differ from humans
in their external behaviours because they differ in
their motivation to participate in certain types of
Phil. Trans. R. Soc. B (2012)
activities, motivation provided, in part, by rearing the
apes in human environments. Given that juvenile pri-
mates (especially humans) have an extremely long
period of maturation and dependence [142], there is
great potential for interaction between the rearing
environment and neural, cognitive and communicative
development.

We know that the role gesture plays in human
language development is complicated. Gesture both
responds to and influences linguistic and environmental
variables. Parents’ gesturing predicts children’s gestur-
ing, which, in turn, precedes and predicts child speech
[143]. Children’s gesturing also alters the environment
for the child by facilitating interaction with parents
and thus enriching the child’s linguistic input [144].
Comparative developmental research is necessary to
investigate and tease apart the respective contributions
of environment, action, gesture and cognition to non-
human primate communication systems. That said, rep-
resentational gesture (and the cognitive advantages it
brings) appears to be a uniquely human ability. It is
unclear, however, which pieces of the puzzle are missing
in extant primates. We do not know whether primates
lack a neural substrate enabling complex mental rehear-
sal, the cognitive ability to connect gesture to mental
representation or the social motivation to create a rear-
ing environment that would foster the development
of these abilities. We hope that future studies on pri-
mates will investigate the relationships among action,
gesture and cognition during development. Such
studies will not only help us understand how these vari-
ables influence one another in primates, but also shed
light on the relationship among action, gesture and
representation in human evolutionary history.
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ENDNOTES
1The one exception is facial movements that are not directed towards

objects (e.g. lip-smacking [134]). Monkey mirror neurons do respond

to these acts even though an object is not involved. However, these

facial movements, although communicative, are not representational

in the way the human manual gestures we discuss here are.
2It is important to note that all of the work on the primate mirror

system has been done on monkeys, but most of the findings of com-

plexity in gestural communication come from great apes. It is

possible that the mirror system in great apes is more human-like

than monkey-like; however, given the fact that ape gestures lack rep-

resentational elements, it seems likely that their mirror systems are

still significantly different from those of humans.
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13 Calvo-Merino, B., Grèzes, J., Glaser, D. E.,
Passingham, R. E. & Haggard, P. 2006 Seeing of
doing? Influence of visual and motor familiarity in

action observation. Curr. Biol. 16, 1905–1910.
14 Ping, R., Dhillon, S. & Beilock, S. L. 2009 Reach for

what you like: the body’s role in shaping preferences.
Emot. Rev. 1, 140–150. (doi:10.1177/17540739081
00439)

15 Yang, S., Gallo, D. & Beilock, S. L. 2009 Embodied
memory judgments: a case of motor fluency. J. Exp. Psy-
chol. Learn. Mem. Cogn. 35, 1359–1365. (doi:10.1037/
a0016547)

16 Casile, A. & Giese, M. A. 2006 Nonvisual motor train-

ing influences biological motion perception. Curr. Biol.
16, 69–74. (doi:10.1016/j.cub.2005.10.071)

17 Beilock, S. L., Lyons, I. M., Mattarella-Micke, A.,
Nusbaum, H. C. & Small, S. L. 2008 Sports experience

changes the neural processing of action language. Proc.
Natl Acad. Sci. USA 105, 13 269–13 273. (doi:10.1073/
pnas.0803424105)

18 Grafton, S., Fagg, A. & Arbib, M. 1998 Dorsal pre-
motor cortex and conditional movement selection: a

PET functional mapping study. J. Neurophysiol. 79,
1092–1097.

19 Rushworth, M., Johansen-Berg, H., Gobel, S. &
Devlin, J. 2003 The left parietal and premotor cortices:
motor attention and selection. Neuroimage 20, 89–100.

(doi:10.1016/j.neuroimage.2003.09.011)
20 O’Shea, J., Sebastian, C., Boorman, E., Johansen-Berg,

H. & Rushworth, M. 2007 Functional specificity of
human premotor–motor cortical interactions during
action selection. Eur. J. Neurosci. 26, 2085–2095.

(doi:10.1111/j.1460-9568.2007.05795.x)
21 Schluter, N., Krams, M., Rushworth, M. & Passingham,

R. 2001 Cerebral dominance for action in the human
brain: the selection of actions. Neuropsychologia 39,
105–113. (doi:10.1016/S0028-3932(00)00105-6)
Phil. Trans. R. Soc. B (2012)
22 Toni, I., Shah, N. J., Frink, G. R., Thoenissen, D.,
Passingham, R. E. & Zilles, K. 2002 Multiple move-
ment representations in the human brain: an event-

related fMRI study. J. Cogn. Neurosci. 14, 769–784.
(doi:10.1162/08989290260138663)

23 Beattie, G. & Shovelton, H. 1999 Mapping the range
of information contained in the iconic hand gestures
that accompany spontaneous speech. J. Lang. Soc.
Psychol. 18, 438–462. (doi:10.1177/0261927X99018
004005)

24 Kendon, A. 1994 Do gestures communicate? A review.
Res. Lang. Soc. Interact. 27, 175–200. (doi:10.1207/

s15327973rlsi2703_2)
25 McNeill, D. 1992 Hand and mind: what gestures reveal

about thought. Chicago, IL: University of Chicago Press.
26 Goldin-Meadow, S. & Sandhofer, C. M. 1999 Gesture

conveys substantive information about a child’s

thoughts to ordinary listeners. Dev. Sci. 2, 67–74.
(doi:10.1111/1467-7687.00056)

27 Goldin-Meadow, S. & Singer, M. A. 2003 From chil-
dren’s hands to adults’ ears: gesture’s role in teaching
and learning. Dev. Psychol. 39, 509–520. (doi:10.

1037/0012-1649.39.3.509)
28 Krauss, R. M., Morrel Samuels, P. & Colasante, C.

1991 Do conversational hand gestures communicate?
J. Pers. Soc. Psychol. 61, 743–754. (doi:10.1037/0022-
3514.61.5.743)

29 Krauss, R. M., Dushay, R. A., Chen, Y. & Rausher, F.
1995 The communicative value of conversational
hand gestures. J. Exp. Soc. Psychol. 31, 533–552.
(doi:10.1006/jesp.1995.1024)

30 Iverson, J. M. & Goldin-Meadow, S. 1998 Why people
gesture when they speak. Nature 396, 228. (doi:10.
1038/24300)

31 Graham, J. A. & Heywood, S. 1976 The effects of
elimination of hand gesture and of verbal codability

on speech performance. Eur. J. Soc. Psychol. 5,
189–195. (doi:10.1002/ejsp.2420050204)

32 Rauscher, F. B., Krauss, R. M. & Chen, Y. 1996
Gesture, speech and lexical access: the role of lexical
movements in speech production. Psychol. Sci. 7,

226–230. (doi:10.1111/j.1467-9280.1996.tb00364.x)
33 Goldin-Meadow, S., Nusbaum, H., Kelly, S. & Wagner, S.

2001 Explaining math: gesturing lightens the load. Psy-
chol. Sci. 12, 516–522. (doi:10.1111/1467-9280.00395)

34 Ping, R. & Goldin-Meadow, S. 2010 Gesturing saves

cognitive resources when talking about non-present
objects. Cogn. Sci. 34, 602–619.

35 Wagner, S., Nusbaum, H. & Goldin-Meadow, S. 2004
Probing the mental representation of gesture: is hand-

waving spatial? J. Mem. Lang. 50, 395–407. (doi:10.
1016/j.jml.2004.01.002)

36 Schwartz, D. L. & Black, J. B. 1996 Shuttling between
depictive models and abstract rules: induction and
fallback. Cogn. Sci. 20, 457–498. (doi:10.1207/s1551

6709cog2004_1)
37 Goldin-Meadow, S. 2003 Hearing gesture: how our hands

help us think. Cambridge, MA: The Belknap Press of
Harvard University Press.

38 Perry, M., Church, R. B. & Goldin-Meadow, S. 1988

Transitional knowledge in the acquisition of concepts.
Cogn. Dev. 3, 359–400. (doi:10.1016/0885-2014(88)
90021-4)

39 Kita, S. 2000 How representational gestures help
speaking. In Language and gesture (ed. D. McNeill),

pp. 162–185. New York, NY: Cambridge University
Press.

40 Hostetter, A. B. & Alibali, M. W. 2008 Visible embodi-
ment: gestures as simulated action. Psychon. Bull. Rev.
15, 495–514. (doi:10.3758/PBR.15.3.495)

http://dx.doi.org/10.1016/j.bandc.2004.06.003
http://dx.doi.org/10.1016/j.bandc.2004.06.003
http://dx.doi.org/10.3758/BF03196322
http://dx.doi.org/10.3758/BF03196322
http://dx.doi.org/10.1080/01638539909545070
http://dx.doi.org/10.1111/j.1467-9280.2007.01848.x
http://dx.doi.org/10.1111/j.1467-9280.2007.01848.x
http://dx.doi.org/10.1017/S0140525X10000853
http://dx.doi.org/10.3171/jns.2003.99.4.0716
http://dx.doi.org/10.1093/cercor/bhi007
http://dx.doi.org/10.1093/cercor/bhi007
http://dx.doi.org/10.1038/35090060
http://dx.doi.org/10.1177/1754073908100439
http://dx.doi.org/10.1177/1754073908100439
http://dx.doi.org/10.1037/a0016547
http://dx.doi.org/10.1037/a0016547
http://dx.doi.org/10.1016/j.cub.2005.10.071
http://dx.doi.org/10.1073/pnas.0803424105
http://dx.doi.org/10.1073/pnas.0803424105
http://dx.doi.org/10.1016/j.neuroimage.2003.09.011
http://dx.doi.org/10.1111/j.1460-9568.2007.05795.x
http://dx.doi.org/10.1016/S0028-3932(00)00105-6
http://dx.doi.org/10.1162/08989290260138663
http://dx.doi.org/10.1177/0261927X99018004005
http://dx.doi.org/10.1177/0261927X99018004005
http://dx.doi.org/10.1207/s15327973rlsi2703_2
http://dx.doi.org/10.1207/s15327973rlsi2703_2
http://dx.doi.org/10.1111/1467-7687.00056
http://dx.doi.org/10.1037/0012-1649.39.3.509
http://dx.doi.org/10.1037/0012-1649.39.3.509
http://dx.doi.org/10.1037/0022-3514.61.5.743
http://dx.doi.org/10.1037/0022-3514.61.5.743
http://dx.doi.org/10.1006/jesp.1995.1024
http://dx.doi.org/10.1038/24300
http://dx.doi.org/10.1038/24300
http://dx.doi.org/10.1002/ejsp.2420050204
http://dx.doi.org/10.1111/j.1467-9280.1996.tb00364.x
http://dx.doi.org/10.1111/1467-9280.00395
http://dx.doi.org/10.1016/j.jml.2004.01.002
http://dx.doi.org/10.1016/j.jml.2004.01.002
http://dx.doi.org/10.1207/s15516709cog2004_1
http://dx.doi.org/10.1207/s15516709cog2004_1
http://dx.doi.org/10.1016/0885-2014(88)90021-4
http://dx.doi.org/10.1016/0885-2014(88)90021-4
http://dx.doi.org/10.3758/PBR.15.3.495
http://rstb.royalsocietypublishing.org/


Review. Action, gesture and language E. A. Cartmill et al. 141

 on January 5, 2012rstb.royalsocietypublishing.orgDownloaded from 
41 Streeck, J. 2002 A body and its gestures. Gesture 2,
19–44. (doi:10.1075/gest.2.1.03str)

42 Cook, S. W. & Tanenhaus, M. K. 2009 Embodied com-

munication: speakers’ gestures affect listeners’ actions.
Cognition 113, 98–104. (doi:10.1016/j.cognition.2009.
06.006)

43 Newell, A. & Simon, H. A. 1972 Human problem solving.
Englewood Cliffs, NJ: Prentice-Hall.

44 O’Reilly, A. W. 1995 Using representations: compre-
hension and production of actions with imagined
objects. Child Dev. 66, 999–1010. (doi:10.2307/
1131794)

45 Boyatzis, C. J. & Watson, M. W. 1993 Preschool children’s
symbolic representation of objects through gestures.
Child Dev. 64, 729–735. (doi:10.2307/1131214)

46 Overton, W. F. & Jackson, J. P. 1973 The representation
of imagined objects in action sequences: a developmen-

tal study. Child Dev. 44, 309–314. (doi:10.2307/
1128052)

47 Goodglass, H. & Kaplan, E. 1963 Disturbance of
gesture and pantomime in aphasia. Brain 86,
703–720. (doi:10.1093/brain/86.4.703)

48 Martin, P., Tewesmeier, M., Albers, M., Schmid, G. &
Scharfetter, C. 1994 Investigation of gestural and pan-
tomime performance in chronic schizophrenic
inpatients. Eur. Arch. Psychiatr. Clin. Neurosci. 244,
59–64. (doi:10.1007/BF02193520)

49 Frey, J. 2008 Tool use, communicative gesture and
cerebral asymmetries in the modern human brain.
Phil. Trans. R. Soc. B 363, 1951–1957. (doi:10.1098/
rstb.2008.0008)

50 Dumont, C., Ska, B. & Schiavetto, A. 1999 Selective
impairment of transitive gestures: an unusual case of
apraxia. Neurocase 5, 447–458. (doi:10.1080/1355479
9908402739)

51 Rapcsak, S. Z., Ochipa, C., Beeson, P. M. & Rubens, A. B.

1993 Praxis and the right hemisphere. Brain Cogn. 23,
181–202. (doi:10.1006/brcg.1993.1054)
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Gallese, V. & Rizzolatti, G. 2002 Hearing sounds,
understanding actions: action representation in mirror
neurons. Science 297, 846–848. (doi:10.1126/science.
1070311)

136 Buccino, G. et al. 2001 Action observation activates
premotor and parietal areas in a somatotopic manner:
an fMRI study. Eur. J. Neurosci. 13, 400–404.

137 Grezes, J., Armony, J. L., Rowe, J. & Passingham, R. E.
2003 Activations related to ‘mirror’ and ‘canonical’

neurons in the human brain: an fMRI study. Neuroimage
18, 928–937. (doi:10.1016/S1053-8119(03)00042-9)

138 Skipper, J. A., Goldin-Meadow, S., Nusbaum, H. C. &
Small, S. L. 2007 Speech-associated gestures, Broca’s

area, and the human mirror system. Brain Lang. 101,
260–277. (doi:10.1016/j.bandl.2007.02.008)

139 Arbib, M. A. 2005 From monkey-like action recog-
nition to human language: an evolutionary framework
for neurolinguistics. Behav. Brain Sci. 28, 105–167.

140 Leavens, D. A., Hopkins, W. D. & Bard, K. 2005 Under-
standing the point of chimpanzee pointing: epigenesis and
ecological validity. Curr. Direct. Psychol. Sci. 14, 185–189.
(doi:10.1111/j.0963-7214.2005.00361.x)

141 Lyn, H., Russell, J. L. & Hopkins, W. D. 2009 The

impact of environment on the comprehension of
declarative communication in apes. Psychol. Sci. 21,
360–365. (doi:10.1177/0956797610362218)

142 Harvey, P. H. & Clutton-Brock, T. H. 1985 Life history
variation in primates. Evolution 39, 559–581. (doi:10.

2307/2408653)
143 Rowe, M. L. & Goldin-Meadow, S. 2009 Differences in

early gesture explain SES disparities in child vocabulary
size at school entry. Science 323, 951–953. (doi:10.

1126/science.1167025)
144 Goldin-Meadow, S., Goodrich, W., Sauer, E. & Iver-

son, J. 2007 Young children use their hands to tell
their mothers what to say. Dev. Sci. 10, 778–785.
(doi:10.1111/j.1467-7687.2007.00636.x)

http://dx.doi.org/10.1038/scientificamerican1072-92
http://dx.doi.org/10.1038/scientificamerican1072-92
http://dx.doi.org/10.1086/201401
http://dx.doi.org/10.1111/j.0956-7976.2005.01542.x
http://dx.doi.org/10.1016/j.cognition.2005.01.001
http://dx.doi.org/10.1016/j.cognition.2005.01.001
http://dx.doi.org/10.1086/593015
http://dx.doi.org/10.1093/brain/119.2.593
http://dx.doi.org/10.1016/0926-6410(95)00038-0
http://dx.doi.org/10.1016/0926-6410(95)00038-0
http://dx.doi.org/10.1038/nrn2805
http://dx.doi.org/10.1016/S0896-6273(01)00423-8
http://dx.doi.org/10.1016/S0896-6273(01)00423-8
http://dx.doi.org/10.1016/j.neuron.2009.12.010
http://dx.doi.org/10.1046/j.1460-9568.2003.02601.x
http://dx.doi.org/10.1126/science.1070311
http://dx.doi.org/10.1126/science.1070311
http://dx.doi.org/10.1016/S1053-8119(03)00042-9
http://dx.doi.org/10.1016/j.bandl.2007.02.008
http://dx.doi.org/10.1111/j.0963-7214.2005.00361.x
http://dx.doi.org/10.1177/0956797610362218
http://dx.doi.org/10.2307/2408653
http://dx.doi.org/10.2307/2408653
http://dx.doi.org/10.1126/science.1167025
http://dx.doi.org/10.1126/science.1167025
http://dx.doi.org/10.1111/j.1467-7687.2007.00636.x
http://rstb.royalsocietypublishing.org/

	A word in the hand: action, gesture and mental representation in humans and non-human primates
	Introduction
	Action and thought
	The relation between action and thought
	How does action experience affect action representation?

	Gesture and thought
	What do human gestures look like?
	Gesture can represent action
	Gesture can influence thought

	Gesture as a bridge between action and thought
	Action and gesture in non-human primates
	What do primates know about actions?
	Primate gesture
	Comparison to human gesture
	Structure
	Meaning
	Representation

	Could gesture serve as a bridge to thought in primates?

	Gesture and mental representation in the evolution of language
	Mirror neurons
	A cognitive leap?

	We thank J. G. Foster, K. Brown and M. Cartmill for their comments on the manuscript, and G. Rizzolatti for his helpful discussion. Work described in this paper was supported by NICHD grants P01 HD40605 and R01 HD47450 and NSF Award no. BCS-0925595 to S.G.M., NSF Award no. FIRE DRL-1042955 to S.B. and NSF Award No. SBE 0541957 to S.B. and S.G.M. for the Spatial Intelligence Learning Centre.
	REFERENCES


