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Among other things, humans talk about what they perceive and do, like “glowing,” “hopping,” and “squeaking.” What
is the relationship between our sensory-motor experiences and word meanings? Does understanding action-verbs
rely on the same neural circuits as seeing and acting? The available evidence indicates that sensory-motor experience
and word meanings are represented in distinct, but interacting systems. Understanding action-verbs does not rely on
early modality-specific visual or motor circuits. Instead, word comprehension relies on a network of amodal brain
regions in the left frontal, temporal, and parietal cortices that represent conceptual and grammatical properties of
words. Interactions between word meanings and sensory-motor experiences occur in higher-order polymodal brain
regions.
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Introduction

We learn the meaning of many words through our
senses and use words to describe the world that
we perceive.1 What is the relationship of word–
meaning representations and sensory-motor sys-
tems that support sensation and perception? Ac-
cording to strong embodied views of cognition,
word meanings are built from sensory-motor ex-
periences and are themselves the reactivations of
sensory-motor “memories” of experience.2–4 For ex-
ample, the meaning of the word “to run” might
consist in part of the motor program for running,
the visual image of running, and the sound of run-
ning. Alternatively, word–meaning representations
may be abstract, modality independent, and or-
ganized according to conceptual distinctions (e.g.,
entities versus events). These abstract representa-
tions may, nevertheless, dynamically interact with
our sensory and motor systems during commu-
nication and thinking.5–7 Finally, word meanings
could interact with sensory representations only in-
directly.8 The origins of these viewpoints date back

to empiricist and nativist philosophers.9–11 In mod-
ern science, these views have been the target of lin-
guistic and psychological research,5,6,12–14 and, most
recently, measurements of human brain function
have been used to weigh in on this longstanding de-
bate.2,3,7,15–18 In this article, we will review some
of the insights gained from these neuroscientific
inquiries.

Our discussion will focus specifically on what has
been learned about the relationship between word-
meanings and sensory experience from studies of
the neuroanatomical basis of word knowledge. First,
neuroanatomical data allow us to assess the degree
to which word-meanings and sensory-motor expe-
rience rely on the same neural mechanisms. To the
extent that these different processes rely on the same
neural machinery, it is more likely that word mean-
ings are recapitulations of sensory experiences, at
some level of description. Second, neuroanatomi-
cal data provide insights into whether the sensory
modality of learning has a direct influence on the
format of word–meaning representations? Repre-
sentations that have a different neuroanatomical
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basis are more likely to have distinct representational
formats. Therefore, we can ask whether the sensory
modality of learning determines the neuroanatomi-
cal basis of word meanings. To address this question,
we will review recent studies comparing the neural
basis of word meanings in congenitally blind and
sighted individuals.

Rather than surveying the entire literature on the
neural basis of word meaning representation, we will
use action verbs as a window onto word meanings
more generally. This focused approach allows us
to consider specific neuroanatomical and cognitive
hypotheses.

Action-verbs are a useful test case in part be-
cause there are relatively specific neuroanatomical
and cognitive hypotheses regarding the sensory rep-
resentations that are relevant to their meaning.3,19–23

Specifically, action-verbs are distinguished from
many other word classes in that they have a pre-
ponderance of motor and visual-motion features. It
has therefore been hypothesized that understand-
ing action verbs relies on motor and visual motion
systems.24,25

The strongest version of an embodied account
of word meanings makes a number of clear pre-
dictions. First, action-verb comprehension should
rely primarily on early, modality-specific, sensory-
motor brain regions (in the visual motion system
and motor control system). These sensory-motor
brain regions should be engaged automatically dur-
ing word comprehension, largely irrespective of task
and context. This account also predicts that growing
up blind should result in changed or missing visual
representations of action-verb meanings.

A modality-independent (amodal) account of
word meanings instead predicts that word com-
prehension depends on brain regions that are not
associated with a specific sensory modality or the
motor system. These brain regions distinguish be-
tween word types along abstract dimensions (e.g.,
events versus entities), rather than sensory dimen-
sions (e.g., visual versus auditory). This account
also suggests that the word meanings of blind and
sighted individuals are represented in the same
format.

To distinguish between these accounts of word–
meaning representation, we first briefly review the
cortical regions involved in visual-motion percep-
tion and motor control. We then ask whether sen-
sory brain regions are involved in action-verb com-

prehension, and if so during which kinds of tasks.
Next we review evidence for modality-independent
representations of action verbs. Finally, we compare
the neural basis of action-verbs in congenitally blind
and sighted individuals.

Action verbs and motion vision

We learn about actions and events, in part, by ob-
serving motion in our environment. For example,
we can tell if someone is strutting or sauntering by
looking at them. Action-verbs are also more likely to
refer to motion in the environment than other kids
of words. As a result, many embodied accounts of
word meaning propose that understanding action
verbs depends on the visual motion system.17,18,20

Putative support for this hypothesis comes from
behavioral studies of motion perception and action-
verb comprehension. For example, a number of
studies have shown interference or facilitation be-
tween visual motion tasks and linguistic tasks.43,44

In one study, participants performed a visual lex-
ical decision task with verbs that refer to motion
in the upward direction, downward direction, and
control words with no dominant vertical direction
(e.g., climb, fall, and run, respectively). Upward and
downward moving dots were displayed on the screen
superimposed onto the written words. When the
motion of the dots was inconsistent with the di-
rection of the verb, participants were slower to say
the verb was a real word. Furthermore, they were
more accurate than baseline when the direction of
the dots and the verb were the same.45 The reverse
effect of language on perception has also been ob-
served. Meteyard and colleagues found a reduction
in participants’ ability to detect coherent motion of
dots embedded in noise (decreased d’) when par-
ticipants heard action-verbs whose dominant di-
rection of motion was inconsistent with the visual
stimulus.46 Based on these findings, the authors sug-
gest that action-verb comprehension may depend
on visual motion areas, including medial temporal
area/medial superior temporal area (MT/MST).45

Similarly, many other behavioral studies have also
shown either effects of language on perception or
effects of sensory-motor tasks on language perfor-
mance.47–49

These behavioral studies provide clear evidence
that action-verb comprehension and motion per-
ception interact in online tasks. However, they pro-
vide only indirect insights into the neural structures
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that are responsible for the behavioral interactions.
That is, these results provide evidence of interaction,
but not of isomorphism between word meanings
and perception. First, it is possible that interaction
between perception and comprehension happens in
secondary perceptual regions such as the parietal
cortex. Although verb meanings affect motion sen-
sitivity (d’), motion sensitivity is a product of pro-
cessing at many levels within the motion perception
steam, including higher-level multimodal brain re-
gions.50 Furthermore, language–perception interac-
tions may occur not because action-verb meanings
are represented in visual motion areas, but because
verb meaning representations prime visual motion
representations during contemporaneous linguistic
and perceptual tasks. This might occur through top–
down modulation of perceptual brain regions. For
example, activity in motion perception regions is
modulated by top–down processes such as imagery
and attention.51 Feedback projections from higher-
order cortical areas involved in attention and exec-
utive control may relay information from language
regions to perceptual regions when such informa-
tion is potentially relevant to the perceptual task.
Similarly, processing in language areas themselves
could be influenced by information from percep-
tual systems.52

Interactions between different kinds of represen-
tations have been described for the visual motion
and auditory systems. For example, high-pitch tones
facilitate perception of upward motion, whereas
low-pitch tones facilitate the perception of down-
ward visual motion.53 These results do not imply
that auditory pitch perception is mediated by the
visual system or that visual motion perception is
mediated by the auditory system. Rather, such find-
ings suggest that the visual and auditory systems
interact. Analogously, brain circuits that represent
action verbs meanings may interact with the visual
motion system. Finally, interaction of perception
and verb comprehension could occur at the deci-
sion stage, rather than in perception or language
circuits.

The available behavioral data are therefore consis-
tent with the possibility that action-verb meanings
and sensory representations are distinct, and inter-
act only indirectly. The behavioral demonstration
of interaction between language and sensory-motor
processes does not allow us to determine the locus
of the interaction within the cognitive-perceptual-

motor processing system.52 We, therefore, turn to
the neural data and ask whether action-verb com-
prehension depends on the visual motion system.

Visual motion perception in primates engages
a hierarchy of specialized brain regions. The
earliest visual motion-selective brain region is
MT/MST.26,27 Human MT/MST is located in the
posterior aspect of the inferior temporal sulcus on
the border of the occipital and temporal lobes.28

Studies of the rhesus macaque show that MT/MST
contains a preponderance of direction- and speed-
selective neurons.29 In healthy humans, MT/MST
is active while viewing motion,30 and bilateral
damage to this region results in severe modality-
specific deficits in visual motion perception—
akinetopsia.31,32 Similarly, transient disruption of
MT/MST using transcranial magnetic stimulation
(TMS) induces a selective deficit in visual motion
perception.33

Other brain regions further along the processing
stream are also engaged in motion vision. The right
posterior superior temporal sulcus (rSTS) is specif-
ically important for perceiving human and animal
motion. This brain region responds more to bio-
logical motion than to coherent but non-biological
motion34,35 and TMS to the rSTS selectively impairs
visual perception of biological motion.36 Higher
order motion representations are also present in
several parietal regions including the intra parietal
sulcus (IPS) and the right inferior parietal lobule
(IPL).37–40 Unlike the lower level representations of
MT/MST, parietal representations of motion are not
modality specific: the IPS responds equally to visual,
tactile, and auditory motion.41,42 Thus, parietal rep-
resentations of motion are spatiotemporal, rather
than visual.

Are motion-perception brain regions engaged in
action verb comprehension? If so, which motion-
perception brain regions participate in word com-
prehension (e.g., modality-specific representations
in MT/MST, and/or rSTS, or the polymodal parietal
representations)?

One type of evidence that could be used to de-
termine whether motion vision and action-verb
comprehension share a common neural mecha-
nism comes from neuropsychological studies. Are
motion blind patients impaired in comprehension
of motion-related words and sentences? If visual
motion areas played a causal role in understand-
ing motion language, patients with visual motion
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perception deficits would be expected to also have
language comprehension deficits specifically for
words whose meanings include motion features.
Clinical descriptions suggest that patients who suf-
fer from akinetopsia do not present with obvious
language deficits.31,33 However, no formal language
tests have been performed with akinetopsic patients;
therefore, subtle deficits in language processing may
have gone undetected. There are two studies in the
literature showing that damage to left posterior lat-
eral temporal lobe in the vicinity of MT/MST can
lead to deficits in action categorization and action
picture naming deficits.54,55 However, no motion
vision deficits are reported in those patients, rais-
ing the possibility that their lesions do not in fact
affect MT/MST itself. Furthermore, inspection of
lesion locations suggests that the lesions of these
patients implicate posterior temporal language ar-
eas involved in verb comprehension, rather than the
MT/MST.25

To overcome the shortcomings of spatial resolu-
tion of lesion studies, neuroimaging has been used
to examine MT/MST activity during word compre-
hension tasks in healthy adults. Reville and col-
leagues22 asked whether MT/MST is active when
participants match newly learned non-word strings
to visual events. Participants were trained to asso-
ciate non-word strings (e.g., biduko) with anima-
tions such as movements of novel objects (e.g., back
and forth horizontal translation) or changes in color
or form of the same novel objects (e.g., potagi: dark-
ening). Participants also learned labels for the novel
shapes in these animations. In a subsequent neu-
roimaging session participants were asked to match
non-word phrases like “biduko goki” to their corre-
sponding visual animations (e.g., the ‘goki’ shape
oscillating in the horizontal direction).22 Reville
and colleagues asked whether MT/MST becomes
active when participants process the newly learned
labels, before the visual motion event is presented
on the screen. They reported that a left-lateralized
brain region, anterior to MT/MST, was more ac-
tive when participants heard motion phrases (e.g.,
biduko goki) than when they heard change of state
phrases (e.g., potagi goki). When neural responses
from multiple individuals were averaged together,
this lateral temporal region overlapped to a small
degree with MT/MST. It was also found that activa-
tion in the anterior region increased when partic-
ipants heard change-of-state non-words that had

similar onsets (e.g., biduka goki) as the motion
non-words.

These results suggest that a brain region an-
terior to MT/MST may participate in matching
motion words to their motion referents. However,
for a number of reasons these data do not speak
to whether MT/MST is engaged in action-verb
comprehension.

First, brain regions involved in understanding ac-
tual action-verbs could be quite different from those
involved in matching newly learned labels to sim-
ple videos of motion animations. Second, the au-
thors did not examine activity in each individual’s
MT/MST region. Instead brain activity for novel
motion words was averaged over the group of partic-
ipants. This group analysis revealed a weak response
anterior to MT/MST. This activation overlapped to
a small extent with MT/MST at a lenient statisti-
cal threshold. Because the location of MT/MST in
each individual brain varies, it is not possible to say
whether for any individual subject MT/MST was
engaged by the novel motion labels. If anything, the
fact that the peak of MT/MST and the peak of the
anterior language region were clearly separate, even
in the group, suggests that distinct functional areas
respond to motion words and visual motion.

A number of other studies have looked specifically
at activity in MT/MST and other parts of the visual-
motion system during action-verb comprehension.
Kable and colleagues56 presented subjects with tri-
ads of action pictures and triads of object pictures.
In a separate experiment, the same participants also
saw triads of written words: action-verbs, animal
nouns and tool nouns. Participants judged which of
two possible alternative pictures or words was most
similar to the target picture or word. Consistent with
prior findings, Kable and colleagues observed an in-
creased response in MT/MST to the action pictures
with implied motion.51,56 In contrast, action-verbs
did not produce a larger response in MT/MST than
animal or tool nouns. In a follow up study, partici-
pants once again saw action-picture and action-verb
triads. This time, participants judged which of two
actions was more similar to the target in its manner
of motion (e.g., is skipping more similar to rolling
or to bouncing?).57 Again, they found that MT/MST
responded to action-pictures with implied motion,
but not to action-verbs. Consistent with these re-
sults, Bedny and colleagues25 found that MT/MST
does not respond to spoken action-verbs when
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participants judge how similar in meaning two
action-verbs are to each other. These studies sug-
gest that MT/MST is not automatically engaged in
action-verb comprehension. The Bedny et al. study
also found that the rSTS biological motion area does
not respond to action-verbs. When making judg-
ments about action-verbs, rSTS activity was not dif-
ferent from rest or from concrete object nouns.25

Together, the results of these studies suggest that
modality-specific visual motion representations are
not automatically engaged during action-verb com-
prehension.

Does action-verb comprehension rely on higher-
level brain regions in the parietal lobe that represent
spatiotemporal motion information? No study thus
far has directly examined whether action-verbs ac-
tivate polymodal parietal motion representations.
However, a recent study compared the effect of
other motion words (in this case prepositions; e.g.,
up/down) on BOLD signal in low-level modality-
specific motion areas and on BOLD signal in higher-
level polymodal motion areas in the parietal lobe.
In an elegant study, Sadaghiani and colleagues
measured the behavioral and neural priming ef-
fects of motion words and non-linguistic auditory
motion stimuli. While undergoing fMRI, partic-
ipants saw a dot that was either unambiguously
moving in one direction or predominantly mov-
ing in one direction but not clearly so. The task
was to indicate whether the dot was moving left,
right, up, or down. While doing the visual-motion
task, participants simultaneously heard three possi-
ble auditory stimuli: sounds that appeared to move,
sounds that changed in pitch, (rising and falling
tones), or the words up/down/left/right. All three
kinds of sounds similarly facilitated participants’
ability to determine the direction of the moving
dot. However, the different sound types (mo-
tion/pitch/words) differentially influenced brain ac-
tivity: only moving sounds influenced activity in
MT/MST itself.58 These data are consistent with
prior evidence that auditory motion can influence
processing in visual motion areas, even though by
itself auditory motion is insufficient to activate
MT/MST.41 In contrast, words influenced activity
in the right IPS—possibly the locus of a higher-level
multi-modal motion perception region, but not
MT/MST. Rising and falling tones (i.e., pitch) pro-
duced an intermediate effect. That is, in MT/MST
there was a linear decrease in the effect of auditory

stimuli from motion, to pitch, to speech and, un-
like motion sounds, speech did not produce a mea-
surable effect on MT/MST activity but did affect
activity in the parietal cortex. These data suggest
that during visual tasks, the effect of word mean-
ings on visual motion perception may be mediated
by higher-order multimodal motion regions, rather
than early visual regions like MT/MST.58

No similar studies have yet been done with ac-
tion verbs, but there is some indirect evidence that
higher-order parietal motion areas may be engaged
during action-verb comprehension. Some studies
have found parietal activity when participants make
semantic decisions about action verbs relative to se-
mantic decisions about other word categories.59,60

For example, van Dam60 and colleagues found more
inferior parietal activity for action-verbs that are
associated with specific movements of the body
(e.g., to wipe) than with general movement pat-
terns (e.g., to clean; notably, neither of these studies
observed activity in MT/MST). Further converging
evidence for the involvement of the parietal lobe
in language-relevant representations of action and
motion comes from studies of tool names. Some
regions within the parietal lobe are automatically
engaged during comprehension of tool words,61,62

perhaps because actions and motion are relevant
to their meanings. Similar to studies of action-
verbs, these studies of tools do not find MT/MST
activity.

Further studies are needed to determine whether
parietal areas engaged in action-verb and tool-noun
comprehension are the same as parietal areas in-
volved in motion perception. The parietal cortex
also contains other kinds of representations that
could be relevant to action: a patchwork of areas rel-
evant to action execution and action observation.63

Left parietal areas also contribute to aspects of lan-
guage processing.64 At present, it remains possible
that distinct parietal areas support motion percep-
tion, action execution, and action-verb comprehen-
sion, respectively. However, the available data are
intriguing and suggest that the polymodal repre-
sentations of parietal cortex are an excellent test bed
for questions regarding shared and separate circuits
for language, perception, and action.

Together, the results reviewed here provide
evidence that action-verb comprehension does
not depend on modality-specific visual motion
brain regions (i.e. MT/MST and the rSTS). Some
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action-verbs may activate polymodal and spa-
tiotemporal representations of motion (in the pari-
etal lobe). However, more research is needed to
determine whether action-verb comprehension re-
cruits these parietal representations.

It is less clear whether richer language stim-
uli, like sentences might activate early modality-
specific visual motion areas. A recent study by Saygin
and colleagues found elevated activity in MT/MST
when participants listen to sentences that describe
motion.65 By contrast, other studies do not find
MT/MST activation for action sentences, but do
find activity in biological motion area rSTS.66 Still
others do not find activity for motion sentences in
either MT/MST or the rSTS.67 Why some studies
of sentences find MT/MST activation, while oth-
ers do not is not yet clear. There are many differ-
ences among these experiments. One feature that
distinguishes the one study that observed MT/MST
activity is that participants saw videos of speakers
producing language, rather than simply listening to
or reading sentences.65 Thus, participants were actu-
ally seeing visual motion during the comprehension
task. It is possible that rich motion language can in-
fluence MT/MST activity when MT/MST is already
engaged by a visual motion stimulus. This would be
analogous to the priming effects of auditory motion
on MT/MST activity. The sound of motion alone
does not engage the MT/MST, but motion sounds
can enhance the response of MT/MST to visual mo-
tion.41 Note, however, that motion-words without
a sentence context do not influence MT/MST activ-
ity even in the presence of visual motion.58 There-
fore, the combination of a concurrent visual motion
stimulus and rich motion descriptions may be re-
quired to enable language to influence activity in
MT/MST. Other factors, such as differences in the
vividness of the motion sentences may also explain
inconsistencies among different studies. More stud-
ies are needed that directly compare different kinds
of motion language (single words, sentences of dif-
ferent vividness) and different concurrent percep-
tual tasks (viewing motion versus not viewing mo-
tion during the experiment).

In sum, action-verbs do not automatically ac-
tivate modality-specific visual-motion areas during
comprehension (MT/MST and rSTS). There is some
evidence that motion words might activate higher-
order spatiotemporal motion representations in the
parietal lobe. However, more work is needed to es-

tablish which parietal areas are engaged in compre-
hension of action-verbs and what their contribution
might be. A key question is whether parietal areas
that are active during action-verb comprehension
are the same as those active during visual motion
tasks. If so, this would provide evidence that higher-
order polymodal perceptual representations are in-
volved in word comprehension.

On the other hand, visual motion areas, like
MT/MST, may be activated when participants lis-
ten to sentences that describe motion and concur-
rently see motion in the environment. However, it
remains unclear what such visual motion activation
contributes to language comprehension and under
what circumstances these areas are engaged. One
possibility is that some sentences that describe vi-
sual motion lead to spontaneous motion imagery.
The motion system might alternatively be engaged
in the course of building a situation model for a sen-
tence that describes motion, but not lexical access
per se. Studies of the time-course of word and sen-
tence comprehension may help to clarify the con-
tribution of the visual-motion system to sentence
comprehension.

Motor control and action verbs

The role of the motor system in action verbs compre-
hension has received a great deal of attention in the
cognitive neuroscience literature and has been re-
viewed elsewhere.68–70 Here, we briefly highlight the
evidence from neuroimaging on the role of the mo-
tor system in representing the meanings of action-
verb (note that there is also a distinct debate regard-
ing whether the motor cortex is involved in speech
perception.)

The motor cortex is located in the posterior as-
pect of the frontal lobe anterior to the central sul-
cus. It consists of the primary motor cortex (M1),
located along the precentral gyrus (BA 4), and sev-
eral anterior premotor areas. Relative to premotor
areas, M1 is more exclusively dedicated to motor-
control. M1 has the largest number of direct pro-
jections to the spinal cord71 and the clearest so-
matotopic organization by limb: muscles of the
leg, arm, and face are controlled by partially dis-
tinct cortical regions within M1 (for other orga-
nizational principles in M1 see Ref. 72). In non-
human primates, M1 neurons respond selectively
to direction and force of movement as well as par-
ticular sequences of movements.73,74 Lesions and
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TMS applied to M1 cause deficits in voluntary motor
control.74–76

The premotor cortex is located anterior to M1
and is often subdivided into ventral premotor cor-
tex, dorsal premotor cortex, and the supplementary
motor area on the medial wall of dorsal BA 6
(SMA and pre-SMA). These premotor areas support
higher-order motor functions such as movement se-
quencing, movements planning, and motor learn-
ing. As in M1, one principle of organization within
premotor areas is limb-specific somatotopy. How-
ever, this somatotopic map is even more overlapping
and disorganized than the map of M1 and coexists
with other organizational principles. Furthermore,
relative to M1, premotor cortex has more abstract
representations of movements. For example, activ-
ity of premotor areas is more sensitive to the behav-
ioral context of movements and to the goal of the
movement.74 Furthermore, within ventral premo-
tor cortex there are so-called mirror neurons, which
respond both when a primate performs a particu-
lar action and when the primate sees another animal
perform the same action. Many of these neurons are
selective for the goal of the action, rather than for the
particular motor sequence.77 Finally, premotor cor-
tex is involved in higher-order aspects of motor con-
trol, such as movement selection and sequencing.78

Recent research has also demonstrated that pre-
motor areas are involved in non-motor aspects of
cognition.79 Premotor cortex is involved in func-
tions such as sequencing, planning and reasoning
outside of the motor domain.74 For example, the
ventral premotor cortex is involved in predicting
actions and sequentially structured events that hu-
mans cannot perform.80–82 Similarly, some premo-
tor regions like the SMA and pre-SMA support
higher cognitive control functions and are there-
fore not exclusively involved in motor control.83–86

In this regard, the premotor cortex shares features
with adjacent prefrontal cortex.87

Many studies have observed left premotor activa-
tion when participants listen to or read action-verbs:
including in the SMA/pre-SMA, left ventral premo-
tor cortex, and left dorsal premotor cortex.88,89 Pri-
mary motor cortex itself (M1) is active during motor
imagery, but not during action-verb comprehen-
sion, in the absence of imagery instructions.90 What
do left premotor areas contribute to action-verb
comprehension?

While some studies observe activity in left pre-
motor areas for action verbs, a large proportion of
neuroimaging studies do not observe increased ac-
tivity for action-verbs anywhere in the motor sys-
tem.25,56,57,60,91 Therefore, motor activity to action
verbs is either task dependent, only present for some
types of action-verbs, or weak relative to other kinds
of category-specific effects. Furthermore, in cases
where motor activity is observed, it remains unclear
whether the motor system is specifically involved in
the comprehension of motor aspects of action-verb
meanings. Regions within the motor system partic-
ipate in non-action-related aspects of language pro-
cessing.92 For example, the ventral premotor cortex
and SMA/pre-SMA participate in general aspects of
sentence processing and word retrieval.93,94 A key
question is whether activity in left premotor areas
for action-verbs reflects such general contributions
of premotor cortex to language, or specific contri-
bution to motor aspects of action-verb meanings.

In an effort to determine whether motor-cortex
activity for action-verbs specifically reflects the re-
trieval of motor elements of verb meanings, a num-
ber of studies have asked whether the activation of
motor and premotor cortex to action-verbs is so-
matotopic. According to the embodied cognition
hypothesis, verbs that refer to movements of the leg,
for example “to run,” activate the leg area of mo-
tor cortex and verbs that refer to movements of the
hand, for example “to clap,” activate the hand area.
Studies on this topic have yielded conflicting results.
In one of the first attempts to answer this question,
Hauk and colleagues had participants passively read
verbs that refer to movements of the leg, verbs that
refer to movements of the arms, and verbs that refer
to mouth movements. Based on their data, the au-
thors concluded that action-verbs lead to automatic,
somatotopic activation of motor areas.24 However,
first key analyses in the study compare different verb
types to a non-language baseline rather than to each
other. Therefore, this study did not clarify whether
each verb category activates any motor area more
than the other verb categories or instead, whether
language comprehension activates the motor sys-
tem more than low-level perceptual tasks. Second,
in this study, BOLD signal for action-verbs was not
measured in motor regions themselves, but rather in
areas that responded during word comprehension.
Therefore, these results do not reveal whether motor
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areas themselves are activated by action-verbs in a
somatotopic manner.

Several subsequent studies have also described
purported somatotopic effects for action-verbs in
the vicinity of motor cortex and prefrontal cortex.95

Until recently, however, no study had looked di-
rectly at the responses of motor areas themselves to
action-verbs.

A recent study that looked specifically at mo-
tor and premotor activity for action-verbs found
that this activity is not in fact somatotopic. Pos-
tle and colleagues96 looked at the response to
hand, foot, and mouth verbs in primary and pre-
motor areas and compared them to several con-
trol conditions including object nouns and non-
words. As in prior studies, such as the one by
Hauk and colleagues described above, participants
silently read action-verbs referring to movements
of the hand, foot, and tongue (e.g., move tongue
from side to side). In a separate experiment, the
same participants also performed movements of
the hand, foot, and mouth and viewed actions per-
formed with the hand, foot, and mouth. Consistent
with prior work, the authors found a somatotopic
response in premotor cortex when participants vi-
sually observed the actions of others. But the same
areas did not respond somatotopically to action-
verbs. Instead, premotor leg, arm, and hand areas
respond to all action verbs. Several of these premotor
areas also responded equally to action-verbs and ob-
ject nouns and even non-words96 (see also Ref. 97).
These data suggest that some automatic premotor
activity for action-verbs may reflect a general role of
premotor cortex in language and higher-order cog-
nition, and not its contribution to motor aspects of
action-verb meanings.

The Postle et al. study96 examined the response of
somatotopic premotor areas that are engaged dur-
ing simple motor tasks (e.g., side-to-side tongue
movements). Therefore, their findings leave open
the possibility that different, higher-order premo-
tor areas, which do not have a somatotopic orga-
nization, and do not respond during simple mo-
tor tasks, are nevertheless specifically involved in
representing the motor aspects of action-verb mean-
ings. Some evidence for this possibility comes from
recent studies of “manual” verbs. As compared to
non-manual verbs, manual verbs lead to increased
activity in left dorsal premotor and superior pre-
frontal cortex.90 This dorsal premotor/prefrontal

activity for manual verbs is less left lateralized
in left-handed individuals.89 Such reduced left-
lateralization may be due to less experience perform-
ing actions with the right hand. On the other hand,
activity may be less left-lateralized in left-handers
because these individuals have less left lateralization
of language and cognitive functions more gener-
ally.98 Further studies of this dorsal premotor area
are required to determine (1) whether dorsal pre-
motor/prefrontal cortex plays a specific role in rep-
resenting motor or action-related aspects of action-
verb meanings, and (2) what role, if any, this same
brain region plays in motor control.

While action-verbs themselves do not somato-
topically activate the premotor cortex, somatotopic
activation has been reported for richer linguistic
stimuli, such as sentences. Aziz-Zadeh and col-
leagues99 found that left premotor hand, mouth,
and leg areas showed a somatotopic preference for
phrases describing actions by these different ef-
fectors.98,100 Interestingly, while action observation
led to somatotopic activity bilaterally in premotor
cortex, action phrases led to somatotopic activity
only in the left hemisphere. These data suggest
that a subset of premotor areas engaged in ac-
tion execution and action observation are also in-
volved in thinking about actions that are described
linguistically.

Further evidence that premotor cortex is activated
when participants listen to sentences about actions
comes from a study of expertise. Beilock and col-
leagues101 presented hockey players, hockey fans,
and hockey novices with sentences about hockey-
related actions and non-hockey-related actions.101

They found that when participants were listen-
ing to sentences about hockey-related actions; both
hockey players and hockey fans had increased activ-
ity, relative to novices, in a part of the dorsal premo-
tor cortex. Studies of motor control have observed
similar left-lateralized dorsal activity when partic-
ipants plan, sequence, and select complex move-
ments.102,103 This dorsal premotor area does not
appear to be effector-specific (somatotopic). For
example, activity is left lateralized irrespective of
which hand is used to perform the action and
activity is observed only during complex move-
ments. Therefore, this premotor activation is likely
distinct from somatotopically responsive premotor
areas and perhaps contains more abstract action
representations.
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Further support for the idea that this language-
relevant dorsal premotor area may contain abstract
representations of actions comes from the Beilock
study itself. It was found that activity in this pre-
motor area is influenced by experience with actions,
but not selectively by motor experience—activity
in this dorsal area was increased both for hockey
players and hockey fans, who did not have direct ex-
perience performing the actions described. Interest-
ingly, the primary sensory-motor cortices were ac-
tive for hockey sentences in novices only. Moreover,
increased primary sensory-motor activity correlated
negatively with action sentence comprehension.101

These data suggest that early motor areas may be en-
gaged in imagery when listening to language about
actions, and that such imagery is neither specifically
related to action knowledge nor facilitates compre-
hension. On the other hand, higher-order motor
areas that are involved in controlling and planning
complex actions may be involved in reasoning about
actions described linguistically, as well as other rea-
soning about action. This dorsal premotor activity
may also reflect spontaneous imagery during sen-
tence comprehension.

To summarize, studies of motor involvement in
action-verb comprehension present an analogous
picture to studies of the visual motion system. Early
motor regions such as M1 are not involved in un-
derstanding action-verbs nor is M1 activated by lin-
guistic descriptions of actions. Further evidence is
needed to determine whether single action verbs ac-
tivate higher-order premotor regions. If action verbs
do engage higher-order premotor representations,
these effects appear to be weak and context depen-
dent, as most studies of action verbs fail to observe
them. There is however evidence that higher-order
premotor areas are engaged when we understand
sentences that describe actions.

Together, the available data suggest that action-
verb comprehension does not automatically engage
early modality-specific cortical areas. Rather, inter-
action between words and perception occurs in sec-
ondary, multi-modal brain regions. These higher-
order perceptual areas represent information in a
more abstract format than modality-specific sen-
sory areas. Furthermore, higher-order perceptual
areas are more likely to participate during sentence
comprehension than during word comprehension.
This suggests that sensory-motor representations
may contribute to spontaneous mental imagery dur-

ing comprehension or to the building of detailed sit-
uation models, rather than word comprehension.104

Moreover, activation of sensory-motor areas during
language processing is task and context dependent
in ways that are not yet understood. Of course, this
does not imply that sensory-motor effects observed
during language tasks are uninteresting or unim-
portant. To the contrary, these data illustrate how
language interacts with other cognitive and percep-
tual systems. Future studies will undoubtedly shed
light on the contribution of these sensory-motor ac-
tivations to language comprehension. In the section
below, we attempt to put these sensory-motor ef-
fects in the context of other findings on the neural
basis of word comprehension.

Modality-independent representations
of action verbs

The seminal work of early neuropsychologists
showed that regions of the left temporal, parietal
and prefrontal cortex contribute to word com-
prehension. Many patients with damage to the
temporal, prefrontal or parietal cortex present with
profound word comprehension deficits without
deficits in locomotion or perception. These cases
illustrate that a number of brain regions outside
of traditional sensory-motor systems contribute
to word comprehension more generally. Subse-
quently, neuroimaging studies have shown that a
left-lateralized network of frontal, temporal, and
parietal regions is active when participants listen
to and read words, and action-verbs in particular
(see Fig. 1).25,56,57,59,91,105,107 Many of these frontal,
temporal and parietal areas are not specifically
involved in understanding action verbs, but are
instead engaged in understanding a variety of words
types including nouns, adjectives, and closed class
words.108

For example, several left dorsolateral prefrontal
areas are involved in retrieving and selecting word
meanings.109–111 There is also substantial evidence
that regions within the left temporal and parietal
lobes store components of word-meaning repre-
sentations. For example, neuropsychological stud-
ies, neuroimaging studies, and more recently TMS
experiments, have demonstrated that the anterior
temporal lobe plays an important role in noun com-
prehension.17–21 A recent study also suggests that the
anterior temporal lobe may be involved in under-
standing verbs.112 On the other hand, some brain
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Figure 1. Brain regions involved in comprehension of action verbs. (A) Activation for action verbs and animal nouns relative to
a low-level perceptual control condition. Action-verbs > backwards speech in red, animal-nouns > backwards speech in blue. (B)
Activation for three categories of verbs and three categories of nouns in the lMTG region. The graph on the left depicts data from
the lMTG ROI identified using the verbs > nouns comparison. The graph on the right plots data from the lMTG region identified
using the action verbs > animal nouns contrast. The data illustrate that the lMTG responds more to verbs than nouns, irrespective
of visual motion information. For example, the lMTG response is high for mental state verbs (which are low in motion features)
and low for animal nouns (which are high in motion features).

regions within this left-lateralized network respond
preferentially to particular word types.59,113 One
such brain region along the posterior aspect of the
left middle temporal gyrus (lMTG) appears to be
more important for understanding action-verbs as
compared to concrete adjectives (e.g., colors) and
object nouns (e.g., animals or tools). Below, we
discuss some recent investigations into the contri-
bution of this lMTG region to action-verb com-
prehension. In particular, we focus on whether
representations in the lMTG are indeed modality
independent, as compared to the modality-specific
representations of sensory-motor experience.

Activity in the lMTG for action-verbs was
first reported by Martin and colleagues.23 Martin
et al. observed more activity in the lMTG when
participants generated action verbs than when
they generated color names to visually presented
nouns. A large number of subsequent studies have
replicated this finding in a variety of tasks including
lexical decision, semantic similarity judgments,
synonym judgments and odd-man-out semantic
judgments.25,56–57,105,91,114–116 The lMTG is more
active for action-verbs relative to various control
conditions such as names of concrete objects, color
adjectives, and low level controls such as false fonts
and backwards speech.23,56 Unlike sensory-motor
effects discussed in the previous section, the lMTG
responds to action-verbs in the absence of sentence
context.

lMTG activity during verb comprehension was
originally interpreted to reflect retrieval of visual
motion information relevant to the meanings of
action-verbs, consistent with embodied cognition
models of word meaning.23 This visual-motion hy-
pothesis was inspired by the neuroanatomical prox-
imity of the lMTG to visual motion brain regions
(left MT/MST and the left homologue of the rSTS
biological motion area). However, recent studies
have demonstrated that lMTG representations are
neither visual nor motion related. In one study,
the same group of participants performed semantic
judgments on action-verbs (how similar are “run”
and “jump”?), viewed non-biological motion (con-
centric rings moving radially), and viewed biologi-
cal motion (animations of human point–light walk-
ers). These tasks activated distinct regions within
the posterior-lateral temporal lobe. Viewing non-
biological motion relative to luminance change ac-
tivated MT/MST. Viewing biological motion rela-
tive to scrambled motion activated the rSTS and to
a lesser extent the left STS. Making semantic judg-
ments about action verbs activated the lMTG (rel-
ative to semantic judgments about object nouns).
Crucially, these lateral temporal areas did not over-
lap with each other in individual participants. The
left homologues of right MT/MST and the rSTS were
distinct from the lMTG.25 These data demonstrate
that the lMTG is neuroanatomically distinct from
modality-specific visual motion areas.
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These results leave open the possibility that
the lMTG stores modality-specific representations
of visual motion that are specifically relevant to
understanding action-verbs but are not engaged
during visual perception. On this account (some-
times called the “anterior shift” hypothesis) the rep-
resentations of the lMTG are not the same as those
engaged in motion perception. Instead, the lMTG
represents visual motion information specifically
relevant to word meanings.23,56 These representa-
tions are still modality-specific and are derived de-
velopmentally from sensory experience, but they are
neuroanatomically distinct from perceptual repre-
sentations.

We tested this hypothesis by studying action-
verb comprehension in congenitally blind individu-
als. If the lMTG represents modality-specific visual-
motion information derived from visual experience,
its function should be altered in individuals who
have never seen. Contrary to this prediction, we
found that congenitally blind individuals also en-
gage the lMTG during action verb comprehension.
The lMTG of congenitally blind adults was sim-
ilarly localized and similar in size to sighted in-
dividuals.117,118 Moreover, the lMTG showed the
same functional response profile across three types
of nouns and three types of verbs in congenitally
blind and sighted participants.117 (For converg-
ing behavioral evidence of preserved word mean-
ings in blind children, see Ref. 119.) This preser-
vation of function in the lMTG stands in contrast
to plasticity observed in visual areas of congenitally
blind adults.120,121 For example, unlike in sighted
adults, in congenitally blind individuals, MT/MST
responds to sound.122–124 Together, these results il-
lustrate that the lMTG neither stores visual repre-
sentations of motion nor develops specifically as a
result of early visual motion experience.

A further question concerns whether the lMTG
represents information along the same dimensions
as nearby perceptual motion areas. Specifically, one
hypothesis is that the lMTG is sensitive to motion
information, like MT/MST and the rSTS. By con-
trast, we find that unlike visual motion areas, the
lMTG is not sensitive to the presence or absence
of motion in any modality. The lMTG response is
equally high to action-verbs like “to run” and mental
state verbs such as “to think.” Similarly, the lMTG
response is equally low for motion noun that are
rich in motion features such as animal names (e.g.,

the tiger) and nouns that are low in motion features
(e.g., the rock).25,106 Therefore, unlike neighboring
perceptual brain regions, the lMTG is not sensi-
tive to perceptual features. These results argue that
the lMTG stores modality-independent representa-
tions that encode conceptual rather than perceptual
properties.

A crucial outstanding question concerns the spe-
cific nature of lMTG conceptual representations. For
example, the lMTG might respond selectively to the
conceptual category of events, which, unlike entities,
are situated in time. Alternatively, the lMTG might
represent information relevant to the grammatical
category of verbs. There is some evidence that dur-
ing sentence comprehension the lMTG is sensitive
to aspects of a verb’s grammar that are intimately
related to the verb’s meaning. For example, a verb
like “give” requires a giver, a thing being given, and
a recipient (three obligatory arguments), whereas a
verb like “run” requires only the runner (one oblig-
atory argument). lMTG responds more to sentences
with verbs that have more arguments, even when the
sentences are matched in overall length.125 There
is also evidence that lateral temporal regions, in-
cluding the lMTG, are specifically sensitive to the
kind of information relevant to categorizing events.
Damage to these brain regions impairs the ability to
categorize visual events as belonging to a particular
lexical category (e.g., distinguishing between ham-
mering and sawing). By contrast, the lMTG does
not appear to be necessary for distinguishing be-
tween hammering and other versions of hammering
with erroneous body posture or movement.126,127

Together, these results suggest that the lMTG rep-
resents conceptual information about events or
meaning-relevant grammatical information about
verbs.25

In sum, the lMTG responds to action-verbs across
a range of tasks with single verbs or word pairs
relative to a range of control conditions. lMTG
representations are modality-independent in that
they are neither visual themselves nor similar to vi-
sual representations of actions (e.g., responsive to
motion).

The lMTG provides an example of the kinds
of representations that are automatically retrieved
when we understand words. These representations
are abstract and are sensitive to distinctions among
categories such as events and objects, rather than
sensory modalities such as vision and audition. Such
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representations also reflect the structure of language
itself and distinguish among words based on the way
they behave in sentences. Rather than sharing neural
mechanisms with motor control and visual motion
perception, action-verbs appear to share neural sub-
strates with other verbs.

Conclusions

The neural basis of action-verbs is often argued
to provide strong evidence for an embodied view
of cognition. On this account, word-meanings
are said to be embodied in sensory-motor sys-
tems.3,18,19,68,128,129 We argue that a closer look at
the neural data on action-verbs paints a different
picture. There is considerable evidence that at the
neural level, understanding words does not en-
tail breaking down their meanings into a mosaic
of sensory-motor experiences.130 Indeed, a greater
reliance on modality-independent neural circuits
might be a key feature that distinguishes language
comprehension from perception. When we experi-
ence “running,” we initially process our experience
in modality-specific systems. Distinct neural circuits
respond to visual, tactile, auditory, and motor as-
pects of running. By contrast, understanding the
word “run” occurs in modality-independent neural
systems in the left temporal, parietal, and prefrontal
cortices. These brain regions parse the world into
events, agents, and objects, rather than vision, audi-
tion, and touch. The functions of such brain regions
may be described in terms of specific conceptual cat-
egories, grammatical categories, or computational
characteristics.15

Although the neuroanatomical data suggest that
word comprehension is supported by modality-
independent representations, there is also ample
evidence that language, perception, and action are
not isolated modules, but rather interact dynami-
cally. Both behavioral and neural data compellingly
illustrate the pervasiveness, speed, and automatic-
ity of dynamic interactions between perception
and language comprehension.52,131 A full account
of language comprehension will need to describe
the contributions of both modality-independent
and modality-specific representations to language
processing.
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