
Across the cognitive sciences, researchers are finding 
that aspects of higher cognition, such as language, mem-
ory, and concept representation, are shaped by, grounded 
in, or reducible to elements of lower cognition, such as 
perception and action. In this article, we focus on how lan-
guage is embodied in these low-level cognitive systems. 
A series of experiments tested whether language users ac-
cessing the meanings of action verbs like kick, grab, and 
smile make use of perceptual and motor systems dedicated 
to recognizing and performing those same actions. The 
findings we report support the claim (Feldman, 2006; 
Feldman & Narayanan, 2004; Gallese & Lakoff, 2005) 
that concepts in general, and action concepts in particu-
lar, are grounded in perceptuomotor circuitry dedicated to 
multimodal interactions with the world.

There is substantial evidence from different empiri-
cal methods that processing language denoting actions 
performed with particular body parts activates areas of 
motor and premotor cortex involved in producing motor 
actions using those same body parts. Using behavioral and 

neurophysiological evidence, Pulvermüller, Härle, and 
Hummel (2001) and Hauk, Johnsrude, and Pulvermüller 
(2004) found that verbs denoting actions performed with 
different effectors were processed in different regions of 
motor cortex; the areas of motor cortex involved in leg 
motion, for instance, displayed more activation during the 
processing of leg-related words than during processing 
of mouth- related words and vice versa. More recently, 
Tettamanti et al. (2005) have shown, through functional 
brain imaging, that passive listening to sentences describ-
ing mouth versus leg versus hand actions activates dif-
ferent parts of premotor cortex (as well as other areas—
specifically, BA 6, BA 40, and BA 44). Similar findings 
have been reported in a number of other studies (such as 
Buccino et al., 2005), although in at least one case, they 
were not replicated (Postle, McMahon, Ashton, Meredith, 
& de Zubicaray, 2008). Behavioral studies have conver-
gently shown that language describing motor actions acti-
vates motor systems (Bergen & Wheeler, 2005; Glenberg 
& Kaschak, 2002; Helbig, Graf, & Kiefer, 2006; Masson, 
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for effector-specific motor systems in processing action 
language, it remains to be determined whether and to what 
extent the same neural resources dedicated to motor con-
trol are recruited for the purpose of extracting meaning 
from linguistic input.

We designed a series of experiments to address these 
two issues left open by previous research: (1) whether ac-
tion and language understanding use the same motor cir-
cuitry, and (2) whether this activation of motor areas is a 
functional part of language understanding. The paradigm 
we used investigates whether there is interference between 
visual and linguistic input during the process of matching 
images and verbs that depict related actions.

This basic logic was the same for all four experiments 
we conducted. Experiment 1 used an image–verb match-
ing paradigm, in which participants were presented with 
a stick figure image for 1 sec, followed by a written verb, 
and were asked to decide as quickly as possible whether 
the verb was a good description of the image or not. The 
images and verbs all depicted actions primarily associated 
with one body area—hands/arms, mouth/face, or feet/
legs. In half of the trials, the verb was a good description 
of the image (the “matching” condition). The other half 
of the trials, in which the verb was not a good description 
of the image, was split into the two conditions of interest 
(Figure 1). In one of these nonmatching conditions, the 
same-effector condition, the different actions depicted by 
the image and described by the verb made use of the same 
major body area, or effector. In the other half of the non-
matching trials, the different-effector condition, the image 
and verb depicted actions performed predominantly using 
different effectors. We hypothesized that there would be 
greater interference between the neurocognitive structures 
responsible for perceiving and understanding language 
about actions using the same effector than between those 
responsible for actions using different effectors. We there-
fore predicted slower responses in the same-effector con-
dition than in the different-effector condition.

The reasoning behind this prediction of interference 
goes as follows. The brain imaging and behavioral studies 
cited above suggest that understanding action verbs makes 
use of the same neurocognitive resources used for per-
forming and recognizing motor actions. If this is the case, 
having participants match an action verb with an action 
image should activate the circuits responsible for perceiv-
ing and performing the actions associated with both the 
word and the image. When the image and verb depict the 
same motor action (in the matching condition), only the 
one matching perceptuomotor circuit becomes active. But 
when a verb and image do not match, the neural structures 
responsible for both should become active.

Critically, this simultaneous activation of two distinct 
motor circuits ought to have different effects, depending 
on the relation between the circuits. Motor and perceptual 
systems display lateral inhibition among structures respon-
sible for related but incompatible functions (Windhorst, 
1996); that is, neural structures representing similar ac-
tions must inhibit each other more strongly than those rep-
resenting less closely related actions. The consequences of 

Bub, & Warren, 2008; Tseng & Bergen, 2005; Zwaan & 
Taylor, 2006).

The finding that motor systems are engaged during the 
processing of language about action is not surprising, since 
motor systems are in fact used for multifarious purposes. 
Motor control is supported by a network of brain struc-
tures that includes primary motor cortex, premotor area, 
and supplementary motor area, as well as the cerebellum 
and basal ganglia (Winter, 1990). Recently, it has been 
shown that some of these motor areas fire not only when 
individuals execute actions, but also when they perceive 
the same actions (Rizzolatti & Craighero, 2004). Neurons 
that display the property of firing during both execution 
and perception of action, mirror neurons, have been ex-
tensively documented in single-cell recording studies in 
monkeys (Gallese, Fadiga, Fogassi, & Rizzolatti, 1996; 
Rizzolatti, Fadiga, Gallese, & Fogassi, 1996). Although 
there are no equivalent single-unit studies in humans, com-
parable mirror activity patterns have been demonstrated 
through brain imaging studies. These human studies show 
that the mototopic organization of motor cortex—with the 
various effectors arrayed so that the legs and feet are in su-
perior motor cortex, below which are the hands, arms, and 
mouth—extends to the perception of actions as well (Buc-
cino et al., 2001). The execution or observation of actions 
produced by the mouth, leg, and hand activate distinct parts 
of premotor cortex, found in ventral sites, dorsal sites, and 
intermediate foci, respectively. When appropriate target 
objects are present, there is also activation in a somato-
topic activity map in parietal cortex (Buccino et al., 2001). 
Similar findings have shown activation in motor areas dur-
ing motor imagery (Kosslyn, Ganis, & Thompson, 2001) 
and during recall of previously performed actions (Nyberg 
et al., 2001). In sum, performing, perceiving, and imagin-
ing actions all make use of common systems dedicated to 
specific effectors.

Existing work thus shows that motor areas dedicated 
to particular effectors become active when participants 
perform a variety of higher cognitive functions, includ-
ing processing linguistic input. But the spatial resolution 
of current brain imaging techniques does not allow for 
inspection of individual neurons. Consequently, the pres-
ence of neural activation in the same region for both action 
and language understanding, as determined by fMRI, does 
not necessarily imply that the very same neural circuits are 
used for the two functions; different circuits in close prox-
imity to each other could perform different functions. So 
this question remains open: Are the same systems used for 
performing, perceiving, and processing language about 
actions?

What’s more, even if the very same neural circuits are 
active during both motor control and language understand-
ing, this does not imply that such activation constitutes a 
functional component of language understanding. It could 
be the case, for example, that the activation found by Hauk 
et al. (2004), Pulvermüller et al. (2001), and Tettamanti 
et al. (2005) is simply a downstream, collateral pattern of 
activation that plays no functional role in language under-
standing. Thus, although imaging studies suggest a role 
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in more detail in the Discussion section following Experi-
ment 1, as well as in the General Discussion section.

ExpErimEnt 1 
image–Verb matching

method
participants. Participants were 39 students at the University of 

California (UC) at Berkeley, all native English speakers with normal 
hearing and language competence and with normal or corrected-to-
normal vision. They received course credit in exchange for partici-
pation in the experiment.

procedure. Each trial consisted of a visual stimulus, like the im-
ages shown in Figure 1, presented for 1,000 msec, followed by a 500-
msec interstimulus interval (ISI). During the first 450 msec of this 
interval, participants saw a visual mask covering the whole screen. 
This was meant to reduce potential priming effects resulting from vi-
sual perception. In order to avoid forward masking, a blank screen was 
shown for the final 50 msec of this ISI. An English verb in written form 
was then presented until the participant pressed a button indicating that 
the verb was or was not a good description for the action depicted in the 
image. The verb fell into one of the three conditions described above: 
(1) matching, (2) same effector, and (3) different effector.

materials. A total of 48 black-and-white stick figure images 
were hand-created by one of the experimenters, using a graphics 
editor. One third of these images were intended to specifically depict 
particular motor actions performed primarily by each of the three 
effectors: mouth/face, hand/arm, and foot/leg. In order to evoke 
specific actions like trip and scream, we manipulated posture, occa-
sional movement lines, and head and eye positions, as well as overall 
body shape. Many of the actions depicted by these images thus also 
included characteristic positions or movements of body parts other 
than the effector centrally involved in the action.

Verbs that appropriately described these images were selected 
through a norming study in which 13 native speakers of American 
English were presented with each image and were asked to provide 
the verb they thought best described the action depicted by the image. 
The most frequent response to each image (always provided by more 
than half of the participants in the norming) was taken as the matching 
verb. To produce the nonmatching verb–image pairs, each image was 
randomly assigned one of the verbs that matched another verb with 
the same effector and one of the verbs with another effector; these 
were the same-effector and different-effector verbs for that image. 
The same verbs and images were thus used in the same-effector and 
different-effector conditions. We verified that, by contrast with the 
matching pairs, none of the same-effector or different-effector verbs 

trying to walk and chew gum simultaneously are less dire 
than those of trying to walk and waltz simultaneously.

As a result, when two distinct active circuits encode 
motor actions using the same effector, they will be in di-
rect competition with each other, which will produce in-
terference and longer response times (RTs). By contrast, 
when the two distinct active circuits encode actions using 
different effectors, which are thus not laterally inhibitory, 
they should compete less with each other, leading to faster 
responses. The logic is thus that if language and visual im-
ages activate perceptuomotor circuits of the same type, 
then participants should display greater interference in 
identifying a mismatched verb and image when they use 
the same effector (the same-effector condition) than when 
an image and verb using different effectors are compared.

There are accounts in the literature (see, e.g., Bergen, 
2008; Kaschak et al., 2005) of when to expect facilitation 
(as in Glenberg & Kaschak, 2002, and Stanfield & Zwaan, 
2001, among many others) and when to expect inhibition 
effects (as in Bergen, Lindsay, Matlock, & Narayanan, 2007; 
Estes, Verges, & Barsalou, 2008; and Richardson, Spivey, 
Barsalou, & McRae, 2003, among others) in behavioral re-
search like this. Interference has the potential to be a more 
compelling finding than facilitation, simply because it can 
allow for stronger inferences about the causal role of the 
systems involved. Imagine, for instance, that we observe 
that processing a sentence about action (say, “You punched 
the wall”) using a particular effector facilitates subsequent 
actions using that same effector (such as pushing a button 
in front of you). Although this facilitation would suggest 
that the motor system is engaged during language process-
ing, it would not tell us whether that motor system activity 
plays a functional role in language processing. However, if 
performing a task that engages the motor system, like per-
ceiving motor actions, selectively interferes with subsequent 
processing of language describing similar but incompatible 
actions, as we expect to find in the work described here, 
this suggests that activating the motor system is a functional 
part of accessing an action word’s meaning. The reasoning 
behind our expectation of interference, as well as other po-
tential explanations for the observed effect, are fleshed out 

Image 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Matching verb  Run  Scratch
Same effector Kick Hold
Different effector  Drink  Stumble

Figure 1. Verbs in the three conditions for the images run and scratch.
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by both. An alternative explanation for this behavior is that 
it is semantic similarity in general, rather than the sharing of 
an effector in particular, that gives rise to this effect. Actions 
that share an effector might, in general, be similar to each 
other in dimensions other than the identity of the effector; 
if so, participants might simply have taken longer to reject 
verbs that described actions that were, in some way, more 
similar to the actions depicted by the images they followed.

We addressed this concern by investigating whether simi-
larity between the two presented actions was a good predic-
tor of RT. The metric we used was a similarity rating pro-
duced by latent semantic analysis (LSA; Landauer, Foltz, 
& Laham, 1998). LSA, among other things, is a statistical 
method for extracting and representing the similarity be-
tween words or texts on the basis of the contexts they ap-
pear or do not appear in. Two words or texts will be rated 
as more similar the more alike their distributions are in a 
given corpus. Of relevance to the present discussion is the 
pairwise comparison function, which produces a similar-
ity rating from 21 to 1 for any pair of texts. Identical texts 
would have a rating of 1, whereas completely dissimilar 
ones would have a rating of 21. Because LSA similarity 
scores rely exclusively on distributional similarity of the 
words in a corpus, there has been extensive criticism of their 
use as a representation of actual meaning (e.g., Glenberg 
& Robertson, 2000). However, LSA does provide a stable 
measure of semantic similarity that aligns relatively well 
with human judgments of similarity. LSA has been shown to 
perform quite like humans in a range of behaviors, including 
synonym (Landauer & Dumais, 1997) and multiple-choice 
(Landauer et al., 1998) tasks. We are using LSA only as a 
measure of similarity, not as a theory of meaning.

LSA’s pairwise comparison function requires input in 
the form of pairs of words. We constructed these pairs by 
taking the matching verb for each image to represent that 
image and pairing it with each of the verbs presented for 
that image in the three conditions. For instance, for the 
run image (Figure 1), we determined a semantic similarity 
score between run and run (matching), between run and 
kick (nonmatching, same effector), and between run and 
drink (nonmatching, different effector). This is an indirect 
way of evaluating the similarity between an image and a 
verb, since it is mediated by a verb describing the image 
but provides a rough estimate of semantic proximity.

To determine the degree to which semantic similarity 
accounted for the results reported above, we regressed 
the average RT per item (i.e., per image–verb pair) on the 
LSA rating for that item. This regression included only the 
nonmatching conditions, because the distribution of LSA 

had been produced in the norming for the images they were paired 
with. Participants were given the following instructions:

This experiment tests how people relate words and images. You 
will first see an image of a person performing an action. Then 
you will see a verb that is either a good description of the action 
or not. Your job is to decide as quickly as possible whether or 
not the word is a good description of the action. If the word is 
a good description of the action, press the “Yes” button. If it is 
not, press the “No” button.

Design. Each participant was randomly placed in one of two 
groups. After a practice session with 14 image–word trials, each 
group was presented with each of the 48 images twice, once in each 
half of the experiment, in a pseudorandom order. Overall, each 
participant saw (1) each image followed by a matching verb once, 
(2) half of the images followed by a (nonmatching) different-effector 
verb, and (3) the other half of the images followed by a (nonmatch-
ing) same-effector verb. The verbs were distributed such that each 
image that was shown to one group in the same-effector condition 
was in the different-effector condition for the other group.

results
There were fewer than 2% incorrect responses, overall, 

and no significant differences in error frequency among 
the conditions. In order to ensure that any significant dif-
ferences in RT across conditions did not result from a 
small set of outliers, we removed all trials that deviated 
more than two standard deviations from the mean for that 
item. This resulted in the removal of less than 4% of the 
remaining data. In addition, six items were responded to 
correctly by fewer than 80% of participants; in order to 
avoid any potentially ambiguous images, we removed 
these items in all their conditions from analysis. In what 
follows, we consider only correct “no” responses to trials 
in the same-effector and different-effector conditions.

Of those data that remained, the means were different 
in the same-effector and different-effector conditions, as 
shown in Table 1. We can see that the mean RT to non-
matching verbs is, on average, 48 msec longer when the 
verb and image use the same effector than when they use 
different effectors. This critical difference was significant 
in one-way repeated measures ANOVAs by both partici-
pants [F1(1,38) 5 11.47, p , .01, η2

p 5 .24] and items 
(where images are taken as items) [F2(1,41) 5 4.37, p , 
.05, η2

p 5 .15].

Analysis of Global Semantic Similarity
The direction of the significant difference between the 

two nonmatching conditions conforms to the hypothesis that 
rejecting a verb as the description of an image takes longer 
when the same effector is involved in the actions depicted 

table 1 
mean response times and Standard Deviations (in milliseconds) in  

Same-Effector and Different-Effector Conditions in Experiments 1, 2, and 3

Experiment 2

Experiment 1 English Cantonese Experiment 3
Image–Verb Verb–Image Verb–Image Verb–Verb

  M  SD  M  SD  M  SD  M  SD

Same effector 798 251 783 115 847 184 1,030 300
Different effector  750  204  732  104  801  156  930  240
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planation based on similarity alone does not transparently 
account for the interference behavior we found.

Discussion
Participants took significantly longer to decide that an 

image and verb did not match when the depicted and de-
scribed actions shared an effector than when they did not. 
This result provides evidence that, when understanding 
motor action verbs, language users recruit some resources 
normally used for perceiving or performing those same 
actions. Given findings that motor actions are perceived 
in part through activating some brain circuits involved in 
motor control, this finding is also compatible with the idea 
that understanding action verbs depends on the active sim-
ulation or imagination of motor control (Bergen & Chang, 
2005; Bergen & Wheeler, 2005; Feldman & Narayanan, 
2004; Gallese & Lakoff, 2005; Glenberg & Kaschak, 2002; 
Tseng & Bergen, 2005; Zwaan & Taylor, 2006; etc.).

We have loosely suggested above that the observed in-
terference caused by processing images and same-effector 
verbs could arise from lateral inhibition. A more detailed 

ratings across items is abnormal if it includes the match-
ing condition, as can be seen in Figure 2.

Considering only the two nonmatching conditions, 
there was a very weak correlation between LSA rating and 
RT (R 5 .094, p 5 .38). As can be seen from the regres-
sion graph in Figure 3 (and from the positive value of the 
regression coefficient R), the relation is in the predicted 
direction; the trend is for participants to take longer to 
reject more similar pairs of words and pictures than less 
similar ones. However, whereas the similarity between a 
nonmatching verb and image as measured by LSA quali-
tatively might account for a small amount of the variance 
in RT, it does not do so significantly. Of course, this does 
not prove that sharing an effector (and not other sorts of 
similarity) is responsible for the RT effects we observed. 
The LSA rating might be a flawed measure of similarity 
in general or with respect to verb–image similarity. For 
this reason, further studies like the ones described below 
are needed to test the source of the effect. The absence of 
a significant relation between LSA rating and RT shown 
by the regression above does, however, suggest that an ex-
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perception. Moreover, these results demonstrate that this 
activation of perceptuomotor systems plays a functional 
role in language processing. If it did not, then the nor-
mal mechanisms of verb processing should be able to go 
through without interference, whether or not the actions 
described and depicted used the same effector.

There is one other alternative explanation for the ob-
served effect that is worth addressing here. It might have 
been that seeing the images led participants to activate 
representations not only for the depicted action, but also 
for other actions using the same effector. Although these 
would eventually be rejected as nonmatching, it could 
be that a same-effector verb that was among this list of 
candidates, and thus previously activated, took longer to 
reject than an unrelated, and thus previously unactivated, 
different-effector verb.

Experiment 2, below, addressed this concern by revers-
ing the order of presentation of the verb and image. The 
results provide further confirmation of the robustness and 
reliability of the same-effector interference effect. We also 
replicated the study in Cantonese, showing that the effect 
is not specific to English or, by extension, to alphabetic 
writing systems.

ExpErimEnt 2 
Verb–image matching in English and Cantonese

This experiment replicated Experiment 1 with two 
modifications. First, the order of stimuli presentation was 
reversed, so that participants saw first the verb, then the 
image. We predicted that if the previous results were due 
to the activation of action-specific neural structures, it 
should not matter what order the verb and image were pre-
sented in; we should still find the same slower responses 
to same-effector mismatches. Experiment 2 thus tested 
whether a delay in matching is a generalized, rather than a 
directional, interference effect.

The second modification was a change in the language 
of presentation and the native language of participants. 
Experiment 1, like other studies reported above, pro-
vided evidence that motor systems are activated during 
language understanding. But these studies use mostly 
English and exclusively Indo-European languages as 
the native language of participants and the language of 
experimental materials. Experiment 2 included both a 
group of English speakers performing the task in English 
and a group of native Cantonese speakers presented with 
Cantonese stimuli. We chose to investigate Cantonese, 
in particular, because of potential differences caused by 
moving from the alphabetic writing system used for En-
glish to the logographic writing system that Cantonese 
employs. Some Cantonese action verbs include compo-
nents—radicals—that indicate the effector used to per-
form the described action. The presence of an explicit 
marker of effector on a verb might augment the size of 
the observed effect.

We hypothesized that we would replicate the image–
verb interference effect with a verb–image interference 
effect for both English and Cantonese speakers. This rep-

account is possible, however. We know that that the mirror 
circuits involved in the recognition of verbs and images 
are specific to particular types of action; this specificity 
has been seen in monkeys (Gallese et al., 1996), where a 
given mirror neuron may code a specific type of gesture, 
such as a precision grasp. We have already argued that 
when two actions use the same effector, it is necessary 
for mirror circuits that encode those actions to mutually 
inhibit each other. This lateral inhibition may give rise to 
the sort of delay in response evidenced in the experiment 
described above in the following way.

Processing words pertaining to motor actions yields ac-
tivation of the motor structures responsible for performing 
those specific actions (Hauk et al., 2004; Pulvermüller et al., 
2001; Tettamanti et al., 2005). There are convincing argu-
ments that mirror circuits are among the motor structures 
activated by motor action language (Feldman & Narayanan, 
2004; Gallese & Lakoff, 2005). In terms of the task at hand, 
then, neural representations for actions are activated by both 
the image and the verb. Participants take these two inputs 
and determine whether they match. A crucial part of this 
process must, on any account, be the determination by the 
participant of having perceived one action or two. At the 
neural level, this can be translated into the strong activation 
of one (in the matching condition) versus two (in the two 
nonmatching conditions) motor action circuits. In the same-
effector condition, the two motor structures are responsi-
ble for actions sharing an effector, and as such, they will 
strongly inhibit each other. It will thus take longer, in such 
a trial, for the two distinct motor circuits to become fully 
active and longer for a participant to arrive at two distinct 
action perceptions and a “no” response. By comparison, 
when the actions do not make use of the same effector—
for example, jog and laugh—less mutual inhibition of the 
motor circuits leads to a faster time course to coactivation 
of the two separate circuits and a “no” response.

Another possible account of the observed interference 
effect, suggested by an anonymous reviewer, is not lateral 
inhibition but, instead, lateral priming. Helbig et al. (2006) 
have shown that motor affordances for objects that are dif-
ferent but use the same effector prime each other. It could 
be that recognizing the initial image in each trial activated 
not only the motor representation of the depicted action, but 
also representations of other actions using the same effector. 
In this case, a subsequent word describing a nonmatching 
action using the same effector might take longer to reject, 
since its motor representation is already somewhat active.

Regardless of the ultimate neural explanation, the find-
ings above show that word processing depends on per-
ceptuomotor processes akin to those used in action per-
ception. Neural imaging studies show that understanding 
motor action language yields activation of motor areas but 
leave open the possibility that different circuits located in 
close physical proximity are responsible for the different 
behaviors—actions versus language understanding. How-
ever, slower responses to language as a result of activat-
ing perceptuomotor systems, as shown in this experiment, 
confirm that the perceptuomotor structures activated by 
language are of the same type as those activated by action 
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effector and same-effector responses was significant in 
participant analyses across both English and Cantonese 
language groups, as shown by planned repeated measures 
ANOVAs for each language group. For English speakers, 
there was a significant difference between same and dif-
ferent responses by participants [F1(1,20) 5 12.68, p , 
.01, η2

p 5 .28], as was the case for Cantonese [F1(1,26) 5 
10.64, p , .01, η2

p 5 .22]. However, item analyses showed 
no significant differences for either (both F2s , 1).

Discussion
As in Experiment 1, both groups in Experiment 2 took 

longer to respond when a verb and image encoded differ-
ent actions that shared an effector (kick and jump) than 
when they encoded different actions using different main 
effectors (kick and grab).

The results from Experiment 2 provide two new pieces 
of information about the activation of effector-specific 
motor knowledge during word processing. First, the effect 
is robust, even given different orders of image and verb 
presentation. This means that the results from Experi-
ment 2 could not be due to the proposed alternative expla-
nation for Experiment 1: that participants actively came 
up with verbs to describe the picture and were more likely 
to come up with a nonmatching same-effector one than a 
nonmatching different-effector one, and thus took longer 
to reject same-effector verbs. Instead, finding the same ef-
fect when the verb was presented first supports the initial 
explanation offered in the discussion for Experiment 1: 
that it is competition among motor representations acti-
vated by the verb and image that produces the interference 
in the same-effector condition. A second outcome of the 
findings reported here is that the effect is not language 
specific, since it is demonstrated here with both English 
and Cantonese speakers. This is an important point, since 
any psychologically plausible theory of language under-
standing gains validity if it is observed across languages.

A potential confound in both Experiment 1 and Ex-
periment 2 is that participants may have been responding 
to visual properties of the images, rather than to motor 
properties of the actions depicted. For instance, a picture 
of one action might, in some way, have resembled a par-
ticipant’s mental image of another action involving the 
same effector, whether or not the actions themselves were 
similar. It is plausible to believe that there is more visual 
similarity between actions that use the same effector than 
between those using different effectors. This would have 
yielded greater visual interference (and thus the longer 
RTs) when nonmatching items used the same effector than 
when they used different ones. Or there might have been 
a difference in the visual attention required for the two 
conditions. In the same-effector condition, participants 
might have needed to perform more detailed inspection 
of a particular part of the image, the part representing the 
effector used by both actions. However, in the different-
effector condition, the participant needed only to visually 
determine that a different part of the body was involved. 
Either of these alternate accounts could explain the ob-
served effect in Experiment 2.

lication thus provided a platform for evaluating the ro-
bustness of the effect observed in Experiment 1, across 
both variations in presentation order and languages with 
different writing systems.

method
participants. Participants were 21 native English speakers and 

27 native Cantonese speakers. Participants received a small gift in 
exchange for participation.

procedure. The procedure replicated that in Experiment 1, the 
only modification being reversal of presentation order so that the 
word was presented first and the image second. The ISI still con-
tained a visual mask in order to inhibit any influence of visual mem-
ory. Participants saw the instructions and experimental items in their 
native language: English or Cantonese.

materials. A total of 36 words (12 each of mouth, hand, and 
leg verbs) were paired with images. Most were a subset of those 
used in Experiment 1. Some of the original images were deemed by 
one of the authors (a native Cantonese speaker) to be impossible to 
represent with a single character in Cantonese, and, thus, were not 
included in either the English or the Cantonese version of this ex-
periment. Some of the deleted images were replaced and represented 
by only one word or character in each language. New images were 
created by an experimenter and were drawn as consistently as pos-
sible with the original stimuli.

English words paired with images were taken from Experiment 1, 
when possible. Cantonese words were chosen on the basis of a norm-
ing study with 20 native Hong Kong Cantonese speakers who did 
not subsequently participate in the main experiment. For the norm-
ing, participants were presented with an image along with 3 single-
character Cantonese words and were asked to choose the word that 
best described the image. From 104 words describing 36 images, the 
descriptor most frequently selected was then paired with its image as 
the matching verb for the main experiment.

Design. All 36 images were presented twice to each participant, 
once in the matching and once in one of the two nonmatching condi-
tions. Instructions, training, and all other protocols were the same 
as in Experiment 1.

results
Accuracy was relatively high in both language groups, 

with fewer than 4% incorrect responses among English 
speakers and fewer than 5% among Cantonese speakers. 
There were no significant differences in accuracy across 
conditions. Outlying responses were removed from analy-
sis if they fell more than two standard deviations from the 
mean for that item. This resulted in the removal of less 
than 4% of the data. No participants or items had outlying 
mean RTs or mean accuracy lower than 80%.

We investigated only the nonmatching conditions, be-
cause a comparison with the matching condition bore no 
theoretical interest. The results in Table 1 show the same 
effect as in the previous experiment: faster reactions to 
different-effector than to same-effector pairs, in both lan-
guages. We performed a single omnibus analysis with lan-
guage (English or Cantonese) as a between- participants 
factor and condition (same or different) as a within-
 participants factor. The effect of interest was the differ-
ence in RTs between the two nonmatching conditions. 
There was a large, significant main effect of condition in 
a repeated measures ANOVA by participants [F1(1,46) 5 
22.63, p , .001], but not by items (F2 , 1). There was no 
main effect of language or interaction between language 
and condition. The critical interaction between different-
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which they named a verb associated with each visual image. Choos-
ing true synonyms was difficult because, for the most part, there are 
no commonly occurring synonyms for simple action verbs. Some of 
the synonyms given were thus arguably mismatches (for instance, 
“wink” and “blink”). No trials in which participants disagreed with 
our classification were included in the analysis, however, because we 
omitted all “incorrect” answers from our analysis (e.g., trials where 
participants judged “wink” and “blink” to be nonmatching).

Design. Each of the 42 critical initial verbs was presented twice 
to each participant: once followed by a near-synonym, once by a 
mismatch. As in Experiments 1 and 2, each participant saw each 
verb with only one mismatch: either the same-effector case or the 
different- effector case. Mismatches were chosen out of the same 
pool of verbs as initial verbs. Each participant saw any given non-
matching verb in the second position only once, as either a same-
effector mismatch or a different-effector mismatch. Given these con-
straints, nonmatching verbs were assigned randomly to initial verbs. 
This divided participants into two groups, depending on which set 
of initial verbs they saw in the same-effector condition. The experi-
mental software alternated between groups.

results
One participant had an outlying mean RT (greater 

than three standard deviations from the global mean) and 
was removed from analysis. There was also 1 participant 
whose accuracy rate was lower than 80% overall and 
who was removed from analysis. Together, this resulted 
in the removal of 2 participants from the analysis. Items 
would have been removed if they had had outlying mean 
responses (greater than two standard deviations from the 
overall mean) or low overall accuracy (lower than 80%), 
but none met these criteria, and as a consequence, results 
from all items were analyzed.

By comparison with the first two experiments, there 
were far more errors in this study. Participants provided 
the correct answer for 99.1% of the different-effector mis-
matches, but only 93.5% of the same-effector mismatches 
and 87.8% of the near-synonyms. Performance on the 
different- effector mismatches was thus significantly more 
accurate than performance on either the near-synonyms 
( p , .001) or the same-effector mismatches ( p , .001), 
and performance on same-effector mismatches was sig-
nificantly more accurate than performance in the near-
synonym condition ( p , .001).

Including only correct responses, the mean RT was 
100 msec faster in the different-effector condition than 
in the same-effector condition (Table 1). This effect was 
significant in repeated measures ANOVAs, both by par-
ticipants [F1(1,54) 5 30.27, p , .001, η2

p 5 .29] and by 
items [F2(1,41) 5 10.80, p , .01, η2

p 5 .18].

Discussion
Participants took significantly longer to reject a verb pair 

as near-synonyms when the two verbs shared an effector 

ExpErimEnt 3 
Verb–Verb matching

In order to exclude the possibility that it was the visual 
properties of the presented images that yielded the effects 
observed in Experiments 1 and 2, and not the identity of 
the effector used, we conducted a third experiment in which 
all images were replaced by verbs. Participants in Experi-
ment 3 were thus shown a verb followed by a near-synonym 
or a mismatching verb. The mismatches again fell into two 
different categories; the actions being compared used either 
the same effector or different effectors. Participants were 
asked to decide whether the two verbs had approximately 
the same meaning. The absence of images in this design 
removed the visual confound. We hypothesized that as in 
the previous experiments, when presented with verb–verb 
pairs and asked to judge whether they matched, participants 
would respond more slowly to mismatches when the verbs 
shared an effector than when they did not.

method
participants. Fifty-seven undergraduate cognitive science stu-

dents at UC Berkeley participated in the study in exchange for either 
extra credit or $5. All were native English speakers. The classes for 
which students could receive extra credit by participating in this 
experiment had not, at the time of the experiment, covered material 
that would help them guess the purpose of the experiment.

procedure. Participants performed a task similar to those in Ex-
periments 1 and 2, with some necessary differences. Participants 
were informed that they would see two verbs in succession and then 
would be prompted to indicate as quickly as possible whether they 
considered the two to mean “approximately the same thing.” This 
phrasing was necessary because there are very few exact synonyms 
for common English action verbs, if any.

The experiment began with a practice session consisting of eight 
randomly chosen filler trials, during which participants were given 
displayed feedback. This served to demonstrate that “approximately 
the same thing” meant very similar, although not necessarily identi-
cal, verbs. In each trial of the main experiment, participants were 
presented with a fixation cross in the center of the screen for 2 sec. 
A longer fixation cross time was used in this experiment because 
piloting showed that a shorter presentation made the study undesir-
ably stressful for participants. The fixation cross was followed by 
an English action verb presented for 1 sec, then a visual mask for 
450 msec and a blank screen for 50 msec. (The visual mask from 
the previous experiment was kept to maintain the parallel stricture of 
the experiments.) Then the second verb was displayed; it stayed on 
the screen until the participant pressed “yes” or “no.” All verbs were 
presented in capital letters in the center of the screen.

materials. Experimental materials were constructed from 42 
pairs of hand, foot, or mouth verbs and constituted 50% of the trials. 
The remaining trials were fillers included to obfuscate the aim of the 
experiment. For the fillers, we picked verb pairs that did not obvi-
ously involve hand, foot, or mouth actions. In critical trials, the verbs 
were related in one of three ways. Half were near- synonyms—the 
matching condition. The other half of the critical trials were non-
matching; verbs had clearly different meanings. Half of these pairs 
(same-effector cases) included two verbs denoting actions using the 
same primary effector (hand, foot, or mouth). Different-effector 
cases constituted the other half of the nonmatching trials; in them, 
the two verbs did not share a primary effector. Examples of the dif-
ferent conditions are shown in Table 2.

There are not many English bodily action verbs that are short, com-
monly used, and unambiguous in a neutral context. In order to ensure 
consistent stimulus sets across experiments, the list of verbs came 
from those produced by participants in the pretest to Experiment 1, in 

table 2 
Examples of Verbs in Each of the three Conditions

Same Different
 Initial Verb  Match  Effector  Effector  

scream shriek lick step
tie knot clap run

 dance  waltz  limp  yell  
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participants. Participants were 40 right-handed, nonnative 
speakers of English enrolled in mainstream classes (i.e., not spe-
cial classes dedicated to second-language learners of English) at the 
University of Hawai’i at Manoa. They participated in exchange for 
either course credit or $5.

Participants varied in two important ways: native language and 
English proficiency. Participants for this experiment were drawn 
from a variety of native language groups, predominantly Japanese 
and other Asian languages. We did not aim to study speakers of only 
a single native language, because we saw no clear way that native 
language would influence the presence or magnitude of a same- 
 versus different-effector effect.

The second dimension of variation across participants, English 
proficiency, is difficult to measure. All participants showed a high 
level of English proficiency; enrolling in mainstream classes at the 
University of Hawai’i Manoa requires a minimum TOEFL com-
posite score of 173 (computer), 61 (Internet), or 500 (paper). In 
order to test for a relation between proficiency and the size of the 
image–verb matching effect, we needed an independent measure 
of English proficiency for each participant. We therefore included 
a word meaning test at the end of the experiment as a measure of 
their test-specific lexical knowledge. We used this information as 
described below to investigate whether participants’ English pro-
ficiency correlated with the size of the interference effect they dis-
played. The idea that language acquisition in part involves learning 
to pair words with perceptuomotorically grounded representations 
of their meanings predicts such a correlation. The word meaning test 
was administered after the main experiment and was explained by 
the following instructions:

You will see an action verb. Please decide what body part the 
action uses:
- mouth
- hand/arm
- foot/leg
For example, “jump” uses the foot/leg.

Participants saw all 48 verbs used in the study in a random order 
and pressed buttons labeled mouth, hand, or foot. Response accuracy 
was measured, but latency was not.

procedure. For the main experiment, the protocol was identi-
cal to that in Experiment 1, with the exception of the instructions, 
which were presented in simpler terms more accessible to nonna-
tive speakers. Participants performed a forced choice task in which 
they decided whether images and written verbs depicted the same 
action or different actions. When the actions were different, the body 
part involved in the action (mouth, arm, or leg) was either “same” or 
“different.” We reasoned that if nonnative speakers activate motor 
structures during understanding, they should display the same effect 
described for the preceding experiments: RTs should be longer when 
the actions are different but the involved effectors are the “same,” as 
compared with the condition in which the effectors are “different.”

materials. The set of items used in the main experiment and 
the word meaning test included the same items as in Experiment 1, 
although we suspected that several would be unknown to even ad-
vanced nonnative English learners. In order to preserve the original 
design, these items were included with the intention of excluding 
outlying items prior to analysis.

results
As was expected, responses were less accurate for this 

population than for the native English speakers who par-
ticipated in the preceding experiments. Overall, 11% of re-
sponses were incorrect: 14% in the matching condition and 
12% in the nonmatching same-effector condition, but only 
3% in the nonmatching different-effector condition. Paired 
t tests showed that accuracy was significantly different be-

than when they did not. This replicates the finding from 
Experiments 1 and 2, where participants took longer to re-
ject a verb–image pair that did not match when the action 
referenced by the verb and the action depicted in the image 
shared an effector. These results provide evidence that the 
meanings of action verbs include in their representations 
information about bodily action—in particular, the body 
part used to perform the action. Moreover, the outcomes 
from these experiments cannot result from visual ambiguity 
of picture stimuli, because the present experiment showed 
the effect in a task where no images were presented.

ExpErimEnt 4 
image–Verb matching  

in Second-Language Learning

The preceding experiments showed that language 
understanders engage motor representations while pro-
cessing words and that this motor activation is effector-
specific. We observed this effect regardless of the order 
of presentation of the image and verb stimuli, and even 
with purely linguistic stimuli. It appears when native En-
glish speakers process words in English and when native 
Cantonese speakers process words in Cantonese. But we 
have not investigated the extent to which native speakers 
of one language access perceptuomotor knowledge when 
processing words from another language.

Our final experiment investigated the development and 
use of motor knowledge by second-language learners. We 
ask whether nonnative English speakers display perceptuo-
motor activation effects parallel to those of native English 
speakers. We pursue two angles on this question below. First 
is the question of whether it is ever possible for nonnative 
speakers to activate perceptuomotor representations during 
language processing; it is quite plausible that they never do. 
For instance, fluent activation of embodied representations 
may be something that only native speakers do—that this is 
part of what distinguishes native from nonnative speakers 
of a language. On the other hand, highly proficient speakers 
of second languages often display great fluency in produc-
ing and understanding meaningful speech, and if activating 
perceptuomotor systems plays a part in these processes, 
highly proficient second-language users should show ef-
fects qualitatively similar to those of native speakers.

This leads to the second question under consideration. 
Gaining competence in a second language involves achiev-
ing increasingly native-like language processing capacities. 
But we currently do not know whether nonnative speakers 
with greater fluency in a second language come to more 
fluently access perceptuomotor representations. If so, more 
fluent nonnative language users should display larger (i.e., 
more native-like) effects when we test them using the para-
digm from the three experiments above. So, we ask whether 
proficiency in a second language correlates with the size of 
a participant’s image–verb matching effect.

method
This final experiment used the design from Experiment 1 with 

nonnative (second-language) English speakers as the participants.
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word meaning test, which we conducted after the end of 
the main experiment for each participant. Participants per-
formed well, overall: Accuracy rates varied between 75% 
and 100%, with a median score of 92%. This yielded suf-
ficient variation for a regression analysis correlating the 
word meaning test accuracy rate for each participant with 
the size of their interference effect in the main experiment. 
The interference effect size was calculated as the difference 
for each participant between the mean RTs in the same-
effector condition and the different- effector condition. 
Larger interaction effect sizes, reflecting greater degrees 
of interference, were expected to correlate positively with 
accuracy on the vocabulary test. The better the participant’s 
mastery of English, the more he or she should be activating 
effector-specific motor structures in performing the task. 
However, posttest accuracy did not correlate significantly 
with the size of the effect: β 5 .13, p 5 .46. Accuracy on 
the vocabulary test was not significantly correlated with the 
size of the effect in the main experiment. This lack of a cor-
relation does not appear to have been due to the vocabulary 
test being insufficiently reliable; it, in fact, showed moder-
ately high reliability (Cronbach’s α 5 .72).

We did, however, have a second available measure of 
proficiency: participants’ accuracy in the main experiment 
itself. Whereas the vocabulary test was untimed, allowing 
for slow, reflective responses, in the main experiment timed 
responses might have led to accuracy numbers that could 
have been a better measure of each participant’s proficiency 
in accessing word meanings online. Consistent with this 
reasoning, accuracy in the main experiment correlated sig-
nificantly with the size of the effect participants displayed 
in it (β 5 .482, p 5 .003), as shown in Figure 4, below.

tween the two nonmatching conditions (t 5 8.67, p , .0001) 
and between the matching and different- effector conditions 
(t 5 10.53, p , .0001), whereas the difference between the 
matching and same-effector conditions approached signifi-
cance (t 5 1.82, p 5 .07). Four participants were excluded 
for performing the experimental task with less than 80% ac-
curacy in any condition. One of the remaining participants 
had fewer than 10 correct items/responses in all conditions 
and was removed from further analysis. Results from the 
remaining 35 participants were analyzed.

As shown by the low accuracy rates reported above, 
some words were unfamiliar, and we excluded from analy-
sis 10 items (i.e., 10 images, in all three conditions) that 
had mean accuracy rates lower than 80%. Excluded verbs 
came relatively evenly from each of the effector groups: 
three for mouth, two for hand, and five for foot. We also 
removed all trials with RTs more than two standard de-
viations from the mean for that item. This resulted in the 
removal of less than 2.7% of the remaining data. For each 
participant, outlying RTs (those more than two standard 
deviations from the participant’s mean in a particular con-
dition) were also eliminated.

The critical measure was the difference between the 
nonmatching conditions. Same-effector responses were 
115 msec slower than different-effector responses (Table 3), 
a difference significant in a repeated measures ANOVA by 
participants [F1(1,34) 5 28.33, p , .0001, η2

p 5 .45]. The 
items analysis of this same difference was marginally sig-
nificant [F2(1,37) 5 3.89, p 5 .06 η2

p 5 .09].
Turning now to the correlation between language pro-

ficiency and the size of the same–different difference, we 
had two measures of proficiency at hand. The first was the 

table 3 
mean participant response times and Standard Deviations (in milliseconds) 

in nonmatching Conditions by Effector and Combined for All Effectors

Foot Hand Mouth All Effectors

Condition  M  SD  M  SD  M  SD  M  SD

Same effector 1,276 293 1,218 269 1,124 236 1,158 199
Different effector  1,039  210  1,113  212  1,056  257  1,043  205
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82% 84% 86% 88% 90% 92% 94% 96%

Figure 4. Linear regression correlating main experiment accuracy (on the x-axis) 
with same–different effect (on the y-axis).
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minority of unknown verbs. This explanation for the find-
ings would lead us to reason that second-language learn-
ers can perform in native-like ways on some tasks (like the 
image–verb matching task) without necessarily engaging 
in the same understanding processes that native speak-
ers rely upon—in this case, activating the perceptuomotor 
system. If this is indeed the case, the effect size gives us 
an indirect measure of whether nonnative speakers who 
are behaving like natives are using native-like response 
strategies or alternative ones. We leave open an explora-
tion of potentially useful applications of such measures to 
second-language proficiency testing.

To sum up the results from this last experiment, as was 
expected, nonnative English-speaking participants were 
slower to respond when the image action and verb action 
did not match but the effector (mouth, hand, foot) was 
the “same,” rather than when it was “different.” We have 
reasoned that in order to compare visual and linguistic 
input, understanders engage neural structures related to 
action execution. This is the same effect that was found in 
the preceding experiments. The first contribution of this 
experiment is thus to show that advanced nonnative learn-
ers display the same interference effect. The second is to 
show a positive correlation between language proficiency 
and the interference effect size. We identified two possible 
explanations for this relation. The first proposes that mas-
tering the vocabulary of a target language involves learn-
ing to directly access perceptuomotor systems during lan-
guage processing. The second argues that second- language 
users access modal systems just as native speakers do and 
that the correlation was an artifact of the number of words 
whose meaning participants had to guess. In either case, 
we have seen that the greater a second-language learner’s 
mastery of the target language, the more of a native-like 
interference effect that learner displays.

GEnErAL DiSCuSSion

The present set of experiments has shown that, when pre-
sented with images and verbs depicting different actions, 
participants are slower to decide that they do not match 
when the two actions make primary use of the same effec-
tor. Several competing explanations for the observed effect 
were considered and rejected above: visual ambiguity of the 
images and global semantic similarity between the denoted 
actions. The most plausible explanation is that our findings 
result from interference between perceptuomotor circuits 
representing distinct actions that use the same effector. This 
mutual inhibition account argues that both images and verbs 
activate neural structures that laterally inhibit each other; as 
was mentioned above, mirror circuits primarily used to per-
form or perceive depicted actions are prime candidates for 
such structures. The work reported here provides evidence 
for activation of modality-specific neurocognitive struc-
tures while language users process the meanings of verbs. 
It does so using a completely novel method—distinct from 
priming (Glenberg & Kaschak, 2002; Zwaan, Stanfield, & 
Yaxley, 2002) or previously observed interference effects 
(Bergen et al., 2007; Kaschak et al., 2005; Richardson et al., 
2003)—and thus provides critical convergent evidence on 

Discussion
Although they unsurprisingly produced slower RTs 

than native speakers did in the previous experiments and 
were less accurate overall, nonnative English speakers 
performed like natives in that responses when the image 
and verb shared an effector were slower than when they 
did not share an effector. We have argued that this effect 
derives from inhibition between competing neural struc-
tures active when the participant must simultaneously 
process competing inputs. We can conclude that like na-
tive speakers, these nonnative speakers relied on motor 
structure activation to understand words.

The other result of this experiment is the finding that 
language proficiency (as measured by overall accuracy 
in the main experiment) correlated positively with effect 
size. The more successful participants were on the task 
(which most likely correlates with proficiency in the lan-
guage in general), the more native-like their perceptuomo-
tor interference effects were. One interpretation of this 
result is that learners progressively develop the ability to 
activate neural circuitry that supports grounded, modal 
representations when understanding language. It could be 
that early or less proficient learners of a language pro-
cess words using mechanisms that are not grounded in 
perception and action—for instance, through lexical as-
sociation or through shallow translation into their native 
language. As they become more fully proficient users of 
their nonnative language, the connections between words 
and the modal representations of their meanings become 
stronger and more easily activated, such that they perform 
more like native speakers in behavioral language tasks. In 
other words, the more deeply linguistic representations 
are grounded, the more language users understand, or, the 
more they understand, the deeper their linguistic repre-
sentations reach.

There is, however, an alternative explanation for why 
participants who were less accurate showed a smaller in-
terference effect. It could be that they were still accessing 
modal systems, just like native speakers, but that they were 
only able to do so for the words they knew, which were 
fewer in number. The fewer verbs they knew, the more fre-
quently they were guessing in the main experiment, and as 
a result, the smaller the effect size was. The power of this 
explanation is tempered somewhat because all incorrect 
responses in the main experiment were excluded prior to 
calculation of the effect; these could, therefore, not have 
influenced its size, but correctly guessed (but unknown) 
words could have. There would have been relatively few 
of these, since all participants included in the analysis per-
formed at more than 80% accuracy in the main experiment, 
which is much higher than chance (50%). If they were suc-
cessfully guessing the meanings of the words in the main 
experiment—assuming they were at chance accuracy on 
those verbs they did not know—they could not have been 
guessing on more than 40% of the items overall (half of 
which would be wrong, yielding the minimum 80% over-
all accuracy). This would mean that up to a quarter of the 
actually included responses might have been the results of 
correct guesses. This could, in principle, have resulted in 
a dilution of the effect in less proficient participants by a 
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threw the water balloon,” the understander can immedi-
ately answer questions about the hand shape used, the 
amount of pressure applied to the balloon, the trajectory 
of the arm, and so on, or can respond appropriately, with 
congratulations or empathy, among other things (Bergen 
& Chang, 2005).

There is substantial experimental evidence for this  view, 
suggesting that both motor simulation (Bergen & Wheeler, 
2005, 2010; Borreggine & Kaschak, 2006; Glenberg & 
Kaschak, 2002; Zwaan & Taylor, 2006) and perceptual 
simulation (Bergen et al., 2007; Kiefer, Sim, Herrnberger, 
Grothe, & Hoenig, 2008; Matlock, 2004; Richardson et al., 
2003; Stanfield & Zwaan, 2001; Zwaan et al., 2002) are 
unconsciously and automatically engaged during language 
understanding. As was noted at the beginning of this ar-
ticle, evidence from brain imaging studies also shows that 
processing language associated with particular perceptual 
or motor functions activates the neural areas responsible 
for those same functions (Pulvermüller et al., 2001; Tet-
tamanti et al., 2005). Modal brain areas in fact appear to 
serve a number of different uses, including recalling ac-
tions (Nyberg et al., 2001; Wheeler, Petersen, & Buck-
ner, 2000) and modal imagery (Decety, Sjöholm, Ryding, 
Stenberg, & Ingvar, 1990; Ehrsson, Geyer, & Naito, 2003; 
Lotze et al., 1999; Porro et al., 1996; Roland, Larsen, Las-
sen, & Skinhøj, 1980; Sirigu et al., 1996). It is therefore 
no surprise that perceptual and motor systems are also en-
gaged in the process of language understanding.

Together, the demonstrated use of low-level motor and 
perceptual structures for imagined action, recalled action, 
and, now, language processing lend credence to a view 
of meaning and thought tightly grounded in the experi-
ences individuals have interacting with the world around 
them. The findings reported here support an embodied 
view of the meanings of linguistic units and the utterances 
they appear in: one in which motor language has mean-
ing through reference to the modal experiences that the 
individual can evoke. It seems that the particularities of 
human neural circuitry are deeply explanatory of proper-
ties of the language understanding process.
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