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Concepts Are More than Percepts: The Case of Action Verbs

Marina Bedny,'2 Alfonso Caramazza,** Emily Grossman,® Alvaro Pascual-Leone,' and Rebecca Saxe?

'Berenson-Allen Center for Noninvasive Brain Stimulation, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts 02215,
?Brain and Cognitive Sciences Department, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, *Department of Psychology, Harvard
University, Cambridge, Massachusetts 02138, *Center for Mind/Brain Sciences, University of Trento, 38068 Rovereto, Italy, and SDepartment of Cognitive
Sciences, University of California, Irvine, Irvine, California 92697

Several regions of the posterior-lateral-temporal cortex (PLTC) are reliably recruited when participants read or listen to action verbs,
relative to other word and nonword types. This PLTC activation is generally interpreted as reflecting the retrieval of visual-motion
features of actions. This interpretation supports the broader theory, that concepts are comprised of sensory-motor features. We inves-
tigated an alternative interpretation of the same activations: PLTC activity for action verbs reflects the retrieval of modality-independent
representations of event concepts, or the grammatical types associated with them, i.e., verbs. During a functional magnetic resonance
imaging scan, participants made semantic-relatedness judgments on word pairs varying in amount of visual-motion information.
Replicating previous results, several PLTC regions showed higher responses to words that describe actions versus objects. However, we
found that these PLTC regions did not overlap with visual-motion regions. Moreover, their response was higher for verbs than nouns,
regardless of visual-motion features. For example, the response of the PLTC is equally high to action verbs (e.g., to run) and mental verbs
(e.g., to think), and equally low to animal nouns (e.g., the cat) and inanimate natural kind nouns (e.g., the rock). Thus, PLTC activity for
action verbs might reflect the retrieval of event concepts, or the grammatical information associated with verbs. We conclude that

concepts are abstracted away from sensory-motor experience and organized according to conceptual properties.
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Introduction

Concepts are mental representations that form the meanings of
words and allow us to categorize events and entities in the world
(Medin and Smith, 1984). During development, and throughout
the course of our lives, perceptual and action experiences allow us
to form concepts. What role does perceptual experience play
during subsequent concept retrieval (e.g., during word
comprehension)?

According to one hypothesis, concept retrieval is the reactiva-
tion of experiences stored in the sensory—motor cortices (Allport,
1985; Martin et al., 1996; Pulvermiiller, 1999, 2001, 2002; Prinz,
2002; Gallese and Lakoff, 2005). For example, retrieving the con-
cept “kick” reactivates the representation of our experiences of
kicking, including seeing someone else kick or planning and ex-
ecuting kicking ourselves. Alternatively, concepts might be ab-
stracted away from sensory—motor experiences. According to this
proposal, concepts are represented outside of sensory—motor
cortices and organized by conceptual, rather than perceptual,
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properties (Caramazza et al., 1990; Rogers et al., 2004; Mahon
and Caramazza, 2008).

Support for the idea that sensory—motor experiences are re-
played during conceptual retrieval comes from neuroimaging
studies of action verbs. Comprehension of action verbs leads to
increased activity in the posterior-lateral-temporal cortices
(PLTC), when compared with comprehension of names of ob-
jects or nonwords (Martin et al., 1995; Damasio etal., 2001; Kable
etal., 2002, 2005; Davis et al., 2004; Bedny and Thompson-Schill,
2006). This PLTC activation is said to occur in, or near, brain
regions that process visual motion, specifically middle temporal
area (MT+), which subserves basic motion processing, and the
right superior temporal sulcus (rSTS), which is important for
biological motion perception (Watson et al., 1993; Grossman et
al., 2000, 2005; Giese and Poggio, 2003). Understanding action
verbs is therefore thought to activate visual-motion representa-
tions (Martin et al., 1995; Damasio et al., 2001).

Alternatively, PLTC activity for action verbs may lie outside of
motion perception areas and reflect the retrieval of nonsensory,
conceptual or grammatical information relevant to action verbs.
Consistent with this interpretation, regions within the PLTC re-
spond not only to action verbs, but also to abstract verbs (Gross-
man et al., 2002; Davis et al., 2004; Bedny and Thompson-Schill,
2006; Shapiro et al., 2006). However, to date the grammatical
class and visual-motion features of words have not been manip-
ulated within the same study. Nor has it been established whether
action-verb activation occurs within or outside of motion-
perception regions. It is therefore not known whether PLTC ac-
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tivity for action verbs is a function of visual-motion features,
grammatical category, or both.

In the present study, we tested the prediction that understand-
ing action verbs activates motion-perception regions. We then
determined whether the response of PLTC regions during word
comprehension is predicted by the presence or absence of visual-
motion features, or by a word’s grammatical class. PLTC activity
was measured during motion perception and while subjects
made semantic judgments about verbs and nouns that varied as
to whether their meanings contained visual-motion features.

Materials and Methods

Participants. Twelve healthy native-English speakers (six females) took
part in the word comprehension experiment. The average age of the
participants was 24 (SD, 3). Eleven of these participants took part in the
localizer experiments. Participants were all right-handed, native English
speakers. None suffered from psychiatric or neurological disorders, or
had ever sustained head injury, or were on any psychoactive medications.
All subjects gave informed consent and were paid $30 per hour for taking
part in the experiment.

Procedure. Participants took part in three experiments during a single
scan session: a word comprehension experiment and two “localizer”
experiments (biological motion and basic motion).

In the word comprehension experiment (five runs of 7.7 min) partic-
ipants heard pairs of words presented over headphones. Participants
indicated how related in meaning the two words were on a scale of one to
four by pressing buttons one through four on a respond pad. Word pairs
were presented in blocks of five and were blocked by condition. Blocks
were 18 s long and were separated by 14 s of fixation.

Word stimuli consisted of 50 words in each of the following categories:
high-motion verbs (action); intermediate-motion verbs (change-of-state
and bodily function); low-motion verbs (mental); high-motion nouns
(animals); intermediate-motion nouns (tools); and low-motion nouns
(inanimate natural kinds). We obtained motion ratings for all words in a
separate set of 14 participants who rated words on the extent to which
their meanings brought to mind visual movement (for instructions, sup-
plemental text, and for results of the motion rating experiment, see sup-
plemental Fig. 1, available at www.jneurosci.org as supplemental mate-
rial). Nouns and verbs, as well as the different motion categories, were
matched on familiarity (based on a prior rating study with a separate set
of subjects), and were also matched by length in syllables and phonemes,
as well as frequency (based on the MRC database) (familiarity: M,

noun

4.72, SD = 0.75, M,;, = 4.58, SD = 1.31; syllable Number: M, =

noun

1.31,SD = 0.77, Mo, = 1.27, SD = 0.48; all p values > 0.10) (Coltheart,
1981) (for further details, see supplemental Table 3, available at www.
jneurosci.org as supplemental material). A nonword condition was also
included, but not analyzed for the present study. Stimuli were digitally
recorded by a male native English speaker at a sampling rate of 44,100 to
produce 32-bit digital sound files. Audio files were normalized to each
other in volume with respect to root mean square (RMS) amplitude such
that all files, and consequently, all categories, had approximately equal
RMS (average RMS, —12.04 dBFS) (http://normalize.nongnu.org/
README.html). Words were presented in pairs, with 50 pairs per cate-
gory. Each word was repeated once during the experiment, but paired
with a different word the second time.

In the biological motion localizer experiment, participants performed
a one-back task with point-light animations of human hand, leg and
whole-body actions, such as kicking, running and jumping (animation
duration, 1 s). The depicted actions were similar to the meanings of
action verbs in the word comprehension experiment. The control con-
dition consisted of scrambled point-light animations, which are per-
ceived as meaningless dot movements rather than human actions (for
further details, see Grossman et al., 2000). The biological motion and
control conditions were blocked (block length, 18 s; between block in-
terval, 12 s). The experiment consisted of two runs, each 5.17 min long.

During the basic motion localizer experiment, participants saw four
types of blocks. Motion blocks consisted of contracting and expanding
concentric rings. In the motion control condition, the same concentric
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rings changed in luminance, but did not move (Tootell et al., 1995;
Ahlfors et al., 1999). Two other conditions were included: bodies (still
photographs of bodies and body parts) and objects (photographs of
manmade objects and object parts). These conditions allowed us to lo-
calize the extrastriate body area (EBA) and the lateral-occipital complex
(LOC). Throughout the experiment, participants were instructed to fix-
ate on the center of the screen (for details of procedure, see Saxe et al.,
2006).

Functional magnetic resonance imaging data acquisition and analysis.
Structural and functional data were collected on a 3 Tesla Siemens scan-
ner at the Athinoula A. Martinos Imaging Center at the McGovern Insti-
tute for Brain Research at the Massachusetts Institute of Technology.
T1-weighted structural images were collected in 128 axial slices with 1.33
mm isotropic voxels [repetition time (TR) = 2 ms; echo time (TE) = 3.39
ms]. Functional, blood oxygenation level-dependent (BOLD) data were
acquired in 3 X 3 X 4 mm voxels (TR = 2's; TE = 30 ms) in 30 near-axial
slices. The first four seconds of each run were excluded to allow for
steady-state magnetization.

Data analysis was performed using SPM2 (SPM2 http://www.fil.ion.
ucl.ac.uk/) and in-house software. The data were realigned, smoothed
with a 5 mm smoothing kernel, and normalized to a standard template in
Montreal Neurological Institute space. The modified-linear model was
used to analyze BOLD activity of each subject as a function of condition.
Covariates of interest were convolved with a standard hemodynamic
response function (HRF). Nuisance covariates included run effects, an
intercept term, and global signal. Time-series data were subjected to a
high-pass filter (128 Hz).

BOLD signal differences between conditions were evaluated through
second level, random-effects analysis. In whole-brain analyses, the false-
positive rate was controlled at o << 0.05 (corrected) by performing Monte
Carlo permutation tests on the data (using a cluster size threshold with a
primary threshold of 3) (Nichols and Holmes, 2002; Hayasaka and Ni-
chols, 2004). Whole-brain analyses included 12 subjects for the word
comprehension experiment, and 11 subjects for each of the two localizer
experiments. The whole-brain, overlap analysis thus included 11 sub-
jects. Region-of-interest (ROI) analyses were performed on the average
of percentage signal change (PSC) from TR 3 through 10 relative to a rest
baseline (the first two TRs were excluded to account for the hemody-
namic lag) (for examples of similar analyses, see Saxe et al., 2006; Baker et
al., 2007). Functional ROIs were identified in individual subjects based
on localizer experiments or orthogonal contrasts. The one participant
who did not take part in the localizer experiments did not have percep-
tual ROIs and was thus excluded from all analyses of those ROIs. For the
purposes of defining ROIs, contrasts were thresholded in individual sub-
jectsat p << 0.001, k = 10. If no voxels were observed at this threshold, the
threshold was lowered to p < 0.01. If no voxels were observed at
the lowered threshold, the subject was excluded from that analysis. The
number of subjects included in each analysis is indicated throughout the
results section. Analyses comparing high-motion to low-motion words,
as well as intermediate-motion to low-motion words included 200 items.
Comparisons of high- to low-motion categories for nouns and verbs
separately (as well as all other pairwise comparisons) included 100 word
pairs (50 in each category).

Results

Motion-rating experiment

For verbs, actions had the highest motion ratings, followed by
change of state/bodily function verbs and then by mental verbs.
(Change of state and bodily function verbs were grouped into the
intermediate motion category for verbs because they had similar
motion ratings.) For the nouns, animals had the highest motion
ratings, followed by tools, and then by natural kinds. Within
grammatical classes, the main effect of motion category was reli-
able (Fier > 25, p < 0.0001; Fypjee > 4, p < 0.05) (supplemental
Fig. 1A, available at www.jneurosci.org as supplemental mate-
rial). Based on these ratings, we defined two contrasts of high-
motion and low-motion words for the functional magnetic reso-
nance imaging analyses, collapsing across grammatical class. For
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Figure 1. Motion ratings and neural responses to high-and-low-motion verbs and nouns. 4, Motion ratings for high-motion

and low-motion verbs and nouns: high-motion verbs (actions), high-motion nouns (animals), low-motion verbs (mental pro-
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average pairwise similarity from low-
motion words (mental verbs + inanimate
natural kinds) (r <1, p < 0.3).

Participants responded faster to noun
pairs than verb pairs (M,,,, = 1702 = 118
ms, M., = 1823 = 87 ms; t5) = 5.06,p =
0.001). Participants responded to all se-
mantic categories of verbs equally fast, and
the same was true of nouns (F,,un216) =
2.07,p > 0.15; Fy ey 2.16) = 0.64, p > 0.5 all
paired comparisons, ¢ < 1.9, p = 0.10).
High-motion words did not differ in reac-
tion time from low-motion words (¢ < 1,
p < 0.3) (for relatedness ratings and reac-
tion time of each category, see supplemen-
tal Table 3, available at www.jneurosci.org
as supplemental material)

cesses), low-motion nouns (inanimate natural kinds). B, Percentage signal change in regions of interest during word comprehen-

sion. The IMT+, rMT+, ISTS, and rSTS ROIs were defined based on the localizer experiments (see Materials and Methods for
details). The ITPJ, ant ISTS, and ant rSTS were defined based on the action verbs > animal nouns contrast. For the action-verb

Response of motion perception regions
during word comprehension

regions, we display data for high and low-motion words defined orthogonally to the action verbs > animal nouns contrast (see

Materials and Methods for details). IMT+ and rMT+, Left and right middle temporal complex, respectively; ISTS and rSTS, left
and right superior temporal suldi, respectively; ITPJ, left temporoparietal junction; ant ISTS and rSTS, left and right anterior
superior temporal sulcui, respectively. Error bars represent a within-subject standard error of the difference between verbs and

nouns.

the primary contrast, high-motion words included action verbs
and animal nouns, whereas the low-motion words included
mental verbs and inanimate natural kind nouns. The high-
motion words were reliably higher in motion ratings than low-
motion words (fiem(ios) = 13-84, p < 0.0001; tiypiececis) = 7-73,
p < 0.0001) (Fig. 1 A). We also defined a secondary motion
contrast, comparing the intermediate and low-motion catego-
ries, which differed reliably in motion ratings (bodily function
and change of state verbs + tool nouns > mental verbs + inan-
imate natural-kind nouns; #; e (108) = 6.48, p < 0.00015 £ psec(13)
=3.59,p < 0.01). This secondary set was orthogonal to the action
verbs — animal nouns contrast and was used to test hypotheses in
brain regions defined by the action verbs — animal nouns
contrast.

Localizer experiments

Based on the biological motion localizer experiment, we defined
right and left STS (ISTS) ROIs in individual subjects, with average
peak voxels [58 —49 13] and [—57 —55 12]. Based on the basic
motion localizer experiment, we defined the following ROIs in
individual subjects: right and left MT+ ([48 —66 2], [—46, —72,
3]), right and left EBA ([54 —62 5], [—53 —70 6]), and right and
left LOC ([43 —78 —6], [—45 —74 —6]) (supplemental Table 1,
available at www.jneurosci.org as supplemental material).
Visual-motion regions identified in the whole-brain random ef-
fects analyses are shown in Figure 1 (supplemental Table 2, avail-
able at www.jneurosci.org as supplemental material).

Word comprehension experiment

Participants judged the semantic similarity of pairs of words. The
average similarity was not different for nouns versus verbs (M,
= 1.86 + 0.38, Mo, = 1.85 + 0.34; t4) = 0.28, p = 0.78).
Furthermore, there was no difference in average similarity among
categories of nouns (F, ;5 = 0.60, p = 0.56) or verbs (F(, ;) =
0.54, p = 0.60; all paired comparisons t < 1, p > 0.3). High-
motion words (action verbs + animal nouns) did not differ in

Do motion perception regions distinguish
between motion words and

nonmotion words?

Do the brain regions involved in visually
perceiving motion also support under-
standing words that have visual-motion
features? To answer this question, we ex-
amined activity during word comprehension in bilateral MT +
and STS. From each of the ROIs, we extracted the PSC relative to
resting baseline for each word category. We then tested whether
the response differentiated between the highest and lowest
motion-word categories. We also assessed whether any of these
regions differentiated between verbs and nouns.

PSC did not differ among word types within the right or left
MT+ ROIs: high-motion words did not differ from low-motion
words, nor did verbs differ from nouns. No verb or noun types
differed from each other (F < 2, p > 0.2). In fact, the BOLD
response in bilateral MT+ was reliably lower, during all word
conditions, than during the rest condition (M;gn pr = —0.35
0.24, t10) = —4.92, p < 0.0001; Myg pp = —0.36 * 0.24, £, =
—4.96, p < 0.0001). This result is consistent with previous find-
ings showing that perceiving stimuli in one modality (auditory,
in this case) results in suppression of regions that are important
for perception with a different modality (visual, in this case)
(Haxby et al., 1994; Sadato et al., 1996) (Fig. 1 B)

In the right STS, high-motion words (action verbs and animal
nouns) did not differ from low-motion words (mental verbs and
inanimate natural kind nouns), nor did verbs differ from nouns
(t < 1, p > 0.3). The high-motion nouns did not differ from
low-motion nouns, nor did the high-motion verbs differ from
low-motion verbs. None of the verb and noun categories differed
among themselves (F < 1, p > 0.3). In the left STS, high-motion
words did not differ from low-motion words (t < —1, p > 0.25).
However, verbs produced greater activity than nouns (M, ., =
0.18 * 0.44, M, = 0.03 * 0.24, 1,0, = 3.53, p < 0.001). This
effect remained reliable when reaction time was included as a
covariate in each subject’s model (t;, = 2.79, p < 0.05). None of
the verb categories differed among themselves (F < 1, p > 0.3).
Among the nouns, natural objects produced greater activity than
animals (F(,,,, = 6.4, p <0.01, Tukey’s honest significant differ-
ence, Q = 2.53, p < 0.05) (Fig. 1B).
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Results of the whole-brain analyses for verbs > nouns (pink), biological motion (biological > scrambled motion green), basic motion (motion > luminance, purple), and overlap of

biological > scrambled motion and verbs > nouns (yellow). Results are thresholded at p << 0.05 (corrected for multiple comparisons) and displayed on a canonical brain.

Do other perceptual regions, EBA, and LOC, differentiate among
words based on their sensory features?

Although the primary goal of this study was to examine the rela-
tionship between motion perception and word comprehension,
we also examined word-related activity in other higher visual
regions: the EBA and the LOC. During perception, the LOC re-
sponds preferentially to pictures of objects, so we assessed
whether LOC responded more to names of objects (i.e., nouns)
than names of actions and events (i.e., verbs). The EBA re-
sponded to pictures of animal bodies more than to other objects
(Downing et al., 2001). Therefore, we examined whether the EBA
responded more to names of animals than names of other cate-
gories of objects. None of these effects approached significance
(p>0.3). Bilateral EBA and LOC were reliably deactivated com-
pared with rest during word comprehension (+ < —3.1, p <
0.05), and did not differentiate word categories. (All ROI analyses
included 11 subjects, with the exception of the ISTS biological
motion region, which was identified in 10 of 11 subjects).

Does the PLTC distinguish between high and low-motion
words or verbs and nouns?

Whole-brain analyses

We conducted a whole-brain analysis to examine whether any
region responded more to high-motion than to low-motion
words (action verbs + animal nouns) > (mental verbs + inani-
mate natural-kind nouns)]. We did not find any region that was
more active for high-motion than low-motion words at the cor-
rected threshold (through permutation analysis). Nor did any
region respond more to high- than low-motion verbs or nouns
when these were compared separately. To rule out the possibility
of a subthreshold effect, we used an extremely lenient threshold
(p <0.01 uncorrected, k = 10) and looked for the conjunction of
action verbs > Thoughts verbs, and animals nouns > inanimate
natural-kind nouns (the maximum contrasts of motion associa-
tions within each grammatical class) (Price and Friston, 1997;
Friston et al., 2005). This conjunction analysis yielded no voxels
in the PLTC.

Critically, the results of a whole-brain, random effects analy-
ses replicated the previous finding of greater activity for action
verbs than names of animals in the PLTC (supplemental Fig. 3,
Table 2, available at www.jneurosci.org as supplemental mate-
rial). Similarly, the verbs > nouns contrast replicated previous
studies, revealing regions in PLTC, in addition to prefrontal and
parietal regions (Fig. 2; supplemental Table 2, available at www.
jneurosci.org as supplemental material). Both of the PLTC effects
remained reliable when RT was included as a covariate in the
model.

ROI analyses: do regions that respond to action concept in the
PLTC respond preferentially to words with high-motion
associations or to verbs more than nouns?

To examine whether the action verb > animal noun effect was
attributable to the greater motion content of action verbs, action
verb > animal noun regions were defined in individual subjects
within bilateral PLTC. In the left PLTC, we identified an ROI
close to the left temporoparietal junction (ITPJ) (10 of 12 sub-
jects; average peak, —58 —48 22) and an ROI on the STS (12 of 12
subjects; —57 —41 —1). In the right hemisphere we identified
one ROI on the STS (10 of 12 subjects; 57 —46 11).

We investigated whether these regions respond more to
intermediate- than low-motion words [(tool nouns + bodily
function and change-of-state verbs) > (inanimate natural-kind
nouns + mental verbs)]. (As noted in the methods section, the
intermediate-motion words were reliably higher in motion rat-
ings than the low-motion words.) Alternatively, these regions
might differentiate between action verbs and animals nouns
based on grammatical class (bodily function and change-of-state
verbs + mental verbs > inanimate natural-kind nouns + tool
nouns). The grammatical class groupings did not differ in average
motion ratings in the behavioral experiment (f,5) < 1, p > 0.3).

None of the left or right PLTC action-verb regions showed a
motion effect either for verbs and nouns together, or separately
(Fig. 1B) (t <1, p > 0.5) (for an HRF graph, see supplemental
Fig. 2, available at www.jneurosci.org as supplemental material)
In contrast, both of the left PLTC regions showed greater activity
for verbs than nouns (¢ > 5, p < 0.0001). The difference between
verbs and nouns in the left PLTC regions remained reliable after
RT was included as a covariate in the model (left STS, ¢.,, = 3.60,
p < 0.01; left TPJ, t;y = 7.28, p < 0.0001). The right STS region
showed a trend for greater activity for verbs (¢ = 1.78, p < 0.1).

ROI analyses: do any regions that respond more to verbs than
nouns distinguish between high-motion and low-motion words?
We used the contrast verbs > nouns to identify regions of interest
in individual subjects, and tested whether any of these regions
differentiated between word categories based on motion associ-
ations. The verb > noun contrast revealed three function ROIs in
the left PLTC of each subject: a region in the left TPJ, one in the
posterior superior temporal gyrus (STG), and a third in the an-
terior STG (12 of 12 subjects for all ROIs). Two regions were
identified in the right PLTC: a region in the posterior STG, and
one in the posterior middle temporal gyrus (7 of 12 subjects both
ROIs). In addition to the PLTC, we also examined ROIs in the left
(11 of 12 subjects) and right (7 of 12 subjects) inferior frontal gyri
and left (9 of 12 subjects) and right (8 of 12 subjects) inferior
parietal lobule and left precentral gyrus (11 of 12 subjects). In
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these regions, we compared the highest motion categories to the
lowest motion categories [(action verbs + animal nouns) >
(mental verbs + inanimate natural-kind nouns)]. None of the
verb-selective regions examined showed a greater response to
high- than low-motion words, nor for high- than low-motion
nouns or verbs separately (¢ values < 1, p > 0.3).

We also examined whether any region in the PLTC defined by
verb > nouns also showed more activity for tools than animals
(as reported by Kable et al., 2005). We replicated the finding of
more activity for tools than animals in the posterior aspect of the
left superior temporal gyrus. However, this effect could not be
attributable to motion information associated with tool words
(even tool specific motion information) because this region did
not respond more to tools than inanimate natural kinds (¢,,, =
1.2, p = 0.29, 12 of 12 subjects).

Spatial relationship of verb and motion perception regions
We first used whole-brain analysis to examine whether any of the
regions that differentiate between verbs and nouns overlap, even
partly, with brain regions involved in the perception of motion or
biological motion (Fig. 2). There was no overlap between regions
involved in basic motion perception and regions that differenti-
ated between verbs and nouns. However, in the group average,
one region of overlap was observed for verb comprehension and
biological motion perception in the right PLTC (verb > nouns
and biological motion > scrambled motion). Because group av-
eraging leads to spatial blurring of nearby activations, we inves-
tigated the overlap between verb comprehension and biological
motion perception in individual subjects. We calculated the per-
centage of all voxels active for both verb comprehension and
biological motion perception (relative to the total number active
in both tasks) in each individual (for details, see supplemental
methods, available at www.jneurosci.org as supplemental mate-
rial). On average, in the right posterior temporal lobe 3.1 = 3.4%
(range 0 to 11%) of voxels overlapped between verb comprehen-
sion and biological motion perception. In the left PLTC we ob-
served 4.4 * 6.8% overlap (range 0 to 22%) (Kung et al., 2007).

Finally, we asked whether the neural response differentiated
high-motion and low-motion words specifically in those voxels
that overlapped between verb comprehension and biological mo-
tion perception in each subject. In the right STS overlap region,
high-motion and low-motion words did not differ (neither when
verbs and nouns were compared separately, nor when they were
combined) (g, < 1, p>0.3). In the left STS overlap region, there
was greater activity for low-motion than high-motion words (#,
= —4.54, p < 0.01). (Nine of the 12 subjects had some overlap
between the verb comprehension and biological motion percep-
tion, and were thus included in this analysis.)

Discussion

Separable perceptual and conceptual effects in the PLTC
Numerous studies have reported a greater neural response in the
PLTC to actions verbs than to animal nouns and nonword con-
trols (Martin et al., 1995; Kable et al., 2002, 2005; Tranel et al.,
2003; Tyler et al., 2003; Kemmerer et al., 2007). This response has
been interpreted as activation of visual-motion regions during
comprehension of action verbs, attributable to the high-motion
associations of action concepts. As such, these data have been
taken to support the more general claim that concepts retrieved
during word comprehension are represented in sensory—motor
cortices and are comprised of sensory—motor features. Contrary
to these claims, we found that the PLTC response was not related
to the visual-motion features of words. The PLTC regions that
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respond to action verbs respond more to all verbs than all nouns,
regardless of whether the words have high-motion associations.
For example, PLTC regions respond more to mental verbs than
animal nouns, despite the fact that animal nouns are rated as
having more visual-motion information. In fact, no PLTC region
showed greater activity for high-motion words than low-motion
words in any of the whole-brain or ROI analyses. Furthermore,
none of the higher order visual regions we examined (bilateral
MT+, STS, LOC, EBA) distinguished between conceptual cate-
gories based on their sensory associations. These data illustrate
that the presence or absence of motion information is not a di-
mension along which concepts are organized in the PLTC, and,
more generally, that sensory visual-motion features are not auto-
matically retrieved during word comprehension.

One concern might be that a visual-motion effect is present in
the PLTC, but we did not detect it because of a lack of power in
our study. We think this is unlikely. First, we did, in fact have
adequate power (0.99 and 0.92) to detect a motion effect similar
in size to the grammatical class effect, in action — animal PLTC
ROIs. At 0.80 power, we would be able to detect an effect that was
between 55% and 83% of the grammatical class effect size. A
power analysis based on the action > animal effect size reported
by Kable et al. (2002) showed that we had >0.99 power in all of
our ROI analyses to detect a motion effect. Perhaps even more
critically, rather than failing to find an effect, we replicate previ-
ous findings of greater activity for action verbs than animals both
in whole-brain and ROI analyses. We find, however, that this
effect is not attributable to the motion characteristics of action
verbs, but, rather, to their grammatical category.

Recently, it was reported that a temporal region shows a
higher response to visually presented tool motion than to other
kinds of motion (Beauchamp et al., 2002). Could this region
contain the visual-motion features associated with action con-
cepts? In our study, no area in the lateral temporal lobe re-
sponded more to names of tools than names of animals and in-
animate natural kinds, nor did any region respond more to
motion verbs than mental state verbs. However, a direct test of
this question requires functionally identifying the tool motion
area and examining whether it responds to motion words. Such a
study has yet to be performed.

Is it possible that people do normally access motion represen-
tations when they access action concepts, but they were prevented
from doing so by the experimental task? In the current experi-
ment, participants made semantic-relatedness judgments, com-
paring pairs of words within category. Such a detailed semantic
judgment required subjects to access concepts. Furthermore, a
wealth of behavioral evidence demonstrates that concepts are
retrieved automatically when we hear or read words, regardless of
the task (Stroop, 1935; Neely, 1991). The present results therefore
demonstrate that retrieving action concepts during word com-
prehension does not lead to activation of visual-motion features.
More generally, we suggest that retrieval of sensory—motor fea-
tures is not obligatory during word comprehension.

How do our findings relate to recent reports of behavioral
congruence effects between perception and language? For exam-
ple, in a recent study, Meteyard et al. (Kaschak et al., 2005; Mete-
yard et al., 2007) demonstrated that subjects were faster to indi-
cate whether a dot display contained coherent motion, when that
motion was in the same direction as a verb they heard. One in-
terpretation of these behavioral effects, in light of our findings, is
that they arise from neural loci that are distinct from perceptual
cortices. For example, information about the trajectory of a verb
might be represented in rich, but modality-independent, seman-
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tic representations within the PLTC. Alternatively, linguistic
stimuli might affect processing of sensory—motor representations
when the perceptual representations are concurrently activated
by a perceptual task. Thus, these previous behavioral findings are
not inconsistent with our finding that word comprehension does
not entail the reactivation of sensory experiences.

It seems probable however that sensory—motor representa-
tions can be accessed in response to word stimuli during some
cognitive tasks. For example, sensory—motor features might be
activated during imagery, and for making judgments about de-
tailed sensory properties of named objects (Tyler and Moss, 2001;
Caramazza and Mahon, 2003; Oliver and Thompson-Schill,
2003; Tyler et al., 2003; Rogers et al., 2004; Machery, 2006, 2007).
Previous studies have demonstrated right STS activity when sub-
jects were specifically instructed to imagine motion in response to
verbal cues (Grossman and Blake, 2001). Additionally, regions
near MT+ may be activated when subjects hear words from an
artificial lexicon whose semantic representations consist entirely
of associatively learned perceptual features (Revill et al., 2008).
Also, as described above, some studies have reported motor ac-
tivity during passive listening to action verbs (Hauk et al., 2004).
However, simply making visual-motion features of real words
pertinent to a semantic decision in a purely linguistic task is not
sufficient to activate area MT+ (Kable etal., 2005). An important
question for future research concerns the circumstances during
natural language comprehension that lead to the retrieval of sen-
sory—motor information and the role this information plays in
cognition and behavior (Mahon and Caramazza, 2008).

Verb selectivity in regions anterior to biological motion
perception regions

Previous studies have reported regions in PLTC that show greater
activity for verbs than nouns (Warburton et al., 1996; Perani et
al., 1999; Kable et al., 2002; Davis et al., 2004; Kable et al., 2005;
Bedny and Thompson-Schill, 2006; Shapiro et al., 2006;
Yokoyama et al., 2006; Bedny et al., 2007). The present study
demonstrates that these regions do not represent visual-motion
properties, but their precise role remains unclear. Nonetheless,
unlike some other category specific findings, verb effects in the
PLTC are robust, consistent from study to study, and from indi-
vidual to individual. Thus they provide a crucial datum that must
be accounted for by any model of conceptual organization.

One possibility is that one or more of the PLTC verb regions
represent the semantics of events (Wuetal., 2007). We found that
some of the PLTC verb-selective regions are just anterior to bio-
logical motion perception regions in the STS. This finding is
consistent with the Anterior Shift Hypothesis proposed by
Thompson-Schill et al. (Thompson-Schill, 2003; Kable et al.,
2005; Thompson-Schill et al., 2006). According to this hypothe-
sis, semantic regions lie anterior to perceptual regions that are
important for acquiring information about a particular category
of concepts, but information in the semantic regions is organized
along different dimensions from those used in the sensory re-
gions (Thompson-Schill, 2003; Thompson-Schill et al., 2006). It
is possible that during development biological motion is an im-
portant source of information for learning about actions. Boot-
strapping from these action representations, abstract events
(such as mental actions and changes of state) could come to be
represented in this PLTC region. Critically, these PTLC event
regions do not represent perceptual features. Rather, perceptual
representations serve as input during development to form dis-
tinct conceptual features. This interpretation is at present highly
speculative. The proximity of biological motion perception and
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verb regions may have evolutionary origins or may be coinciden-
tal. Future research is required to resolve this question.

One important observation is that multiple, anatomically dis-
tinct regions in bilateral PLTC showed preferential responses to
verbs. Each of these regions may serve a distinct functional role. It
is possible, therefore, that some of the inconsistency in the neu-
roimaging literature on verb processing stems from the confla-
tion of these regions. In future studies, it will be important to
distinguish these regions in individual subjects and measure their
responses to both semantic and grammatical properties of verbs
(morphological complexity, number of thematic and subcatego-
rization frames, argument structure, imageability, etc.) (for sim-
ilar research, see Grewe et al., 2007; Thompson et al., 2007).

Conclusions

Our data demonstrate that previously identified PLTC action
regions respond preferentially to verbs relative to nouns, even
when the nouns have higher visual-motion properties. We hy-
pothesize that these PLTC regions play a role in representing the
semantic category of events or the grammatical category of verbs.
Neither visual-motion perception regions, nor PLTC action verb
regions, respond preferentially to words that are high in visual-
motion features. Our findings suggest that sensory features do
not form the substrate of conceptual representation for word
comprehension.

References

Ahlfors SP, Simpson GV, Dale AM, Belliveau JW, Liu AK, Korvenoja A,
Virtanen J, Huotilainen M, Tootell RB, Aronen HJ, Ilmoniemi R] (1999)
Spatiotemporal activity of a cortical network for processing visual motion
revealed by MEG and fMRI. ] Neurophysiol 82:2545-2555.

Allport (1985) Distributed memory, modular subsystems and dysphasia. In:
Current perspectives in dysphasia (Newman SK, Epstein R, eds), pp 207—
244. Edinburgh: Churchill Livingstone.

Baker CI, Liu J, Wald LL, Kwong KK, Benner T, Kanwisher N (2007) Visual
word processing and experiential origins of functional selectivity in hu-
man extrastriate cortex. Proc Natl Acad Sci U S A 104:9087-9092.

Beauchamp MS, Lee KE, Haxby JV, Martin A (2002) Parallel visual motion
processing streams for manipulable objects and human movements. Neu-
ron 34:149-159.

Bedny M, Thompson-Schill SL (2006) Neuroanatomically separable effects
of imageability and grammatical class during single-word comprehen-
sion. Brain Lang 98:127-139.

Bedny M, Aguirre GK, Thompson-Schill SL (2007) Item analysis in func-
tional magnetic resonance imaging. Neuroimage 35:1093—-1102.

Caramazza A, Mahon BZ (2003) The organization of conceptual knowl-
edge: the evidence from category-specific semantic deficits. Trends Cogn
Sci 7:354-361.

Caramazza A, Hillis A, Rapp B, Romani C (1990) The multiple semantics
hypothesis: multiple confusions? Cogn Neuropsychol 7:161-189.

Coltheart M (1981) The MRC psycholinguistic database. Q J Exp Psychol
33:497-505.

Damasio A, Grabowski TJ, Tranel D, Pronto LL, Hichwa RD, Damasio AR
(2001) Neural correlates of naming actions and of naming spatial rela-
tions. Neuroimage 13:1053—-1064.

Davis MH, Meunier F, Marslen-Wilson WD (2004) Neural responses to
morphological, syntactic, and semantic properties of single words: an
fMRI study. Brain Lang 89:439—449.

Downing PE, Jiang Y, Shuman M, Kanwisher N (2001) A cortical area selec-
tive for visual processing of the human body. Science 293:2470-2473.
Friston KJ, Penny WD, Glaser DE (2005) Conjunction revisited. Neuroim-

age 25:661-667.

Gallese V, Lakoff G (2005) The brain concepts: the role of the sensorymotor
system in conceptual structure. Cogn Neuropsychol 22:455-479.

Giese MA, Poggio T (2003) Neural mechanisms for the recognition of bio-
logical movements. Nat Rev Neurosci 4:179-192.

Grewe T, Bornkessel-Schlesewsky I, Zysset S, Wiese R, von Cramon DY,
Schlesewsky M (2007) The role of the posterior superior temporal sul-
cus in the processing of unmarked transitivity. Neuroimage 35:343-352.



Bedny et al. e Concepts Are more than percepts

Grossman E, Donnelly M, Price R, Pickens D, Morgan V, Neighbor G, Blake
R (2000) Brainareasinvolved in perception of biological motion. J Cogn
Neurosci 12:711-720.

Grossman ED, Blake R (2001) Brain activity evoked by inverted and imag-
ined biological motion. Vision Res 41:1475-1482.

Grossman ED, Battelli L, Pascual-Leone A (2005) Repetitive TMS over pos-
terior STS disrupts perception of biological motion. Vision Res
45:2847-2853.

Grossman M, Koenig P, DeVita C, Glosser G, Alsop D, Detre ], Gee ] (2002)
Neural representation of verb meaning: an fMRI study. Hum Brain Mapp
15:124-134.

Hauk O, Johnsrude I, Pulvermiiller F (2004) Somatotopic representation of
action words in human motor and premotor cortex. Neuron 41:301-307.

Haxby JV, Horwitz B, Ungerleider LG, Maisog JM, Pietrini P, Grady CL
(1994) The functional organization of human extrastriate cortex: a PET-
rCBF study of selective attention to faces and locations. ] Neurosci
14:6336—-6353.

Hayasaka S, Nichols TE (2004) Combining voxel intensity and cluster ex-
tent with permutation test framework. Neuroimage 23:54—63.

Kable JW, Lease-Spellmeyer J, Chatterjee A (2002) Neural substrates of ac-
tion event knowledge. ] Cogn Neurosci 14:795-805.

Kable JW, Kan IP, Wilson A, Thompson-Schill SL, Chatterjee A (2005)
Conceptual representations of action in the lateral temporal cortex. J
Cogn Neurosci 17:1855-1870.

Kaschak MP, Madden CJ, Therriault D], Yaxley RH, Aveyard M, Blanchard
AA, Zwaan RA (2005) Perception of motion affects language process-
ing. Cognition 94:B79-B89.

Kemmerer D, Castillo JG, Talavage T, Patterson S, Wiley C (2007) Neuro-
anatomical distribution of five semantic components of verbs: evidence
from fMRI. Brain Lang 107:16—43.

Kung CC, Peissig JJ, Tarr MJ (2007) Is region-of-interest overlap compari-
son a reliable measure of category specificity? J Cogn Neurosci
19:2019-2034.

Machery E (2006) Two dogmas of neo-empiricism. Philos Compass
1:398—-412.

Machery E (2007) Concept empiricism: a methodological critique. Cogni-
tion 104:19—-46.

Mahon BZ, Caramazza A (2008) A critical look at the embodied cognition
hypothesis and a new proposal for grounding conceptual content.
J Physiol Paris 102:59-70.

Martin A, Haxby JV, Lalonde FM, Wiggs CL, Ungerleider LG (1995) Dis-
crete cortical regions associated with knowledge of color and knowledge
of action. Science 270:102-105.

Martin A, Wiggs CL, Ungerleider LG, Haxby JV (1996) Neural correlates of
category-specific knowledge. Nature 379:649—652.

Medin DL, Smith EE (1984) Concepts and concept formation. Annu Rev
Psychol 35:113-138.

Meteyard L, Bahrami B, Vigliocco G (2007) Motion detection and motion
verbs: language affects low-level visual perception. Psychol Sci
18:1007-1013.

Neely JH (1991) Semantic priming effects in visual word recognition: a se-
lective review of current findings and theories. In: Basic processes in read-
ing: visual word recognition (Besner D, Humphreys GW, eds), pp 264—
336. Hillsdale, NJ: Lawrence Erlbaum.

Nichols TE, Holmes AP (2002) Nonparametric permutation tests for func-
tional neuroimaging: a primer with examples. Hum Brain Mapp 15:1-25.

Oliver RT, Thompson-Schill SL (2003) Dorsal stream activation during re-
trieval of object size and shape. Cogn Affect Behav Neurosci 3:309-322.

Perani D, Cappa SF, Schnur T, Tettamanti M, Collina S, Rosa MM, Faziol F

J. Neurosci., October 29, 2008 - 28(44):11347-11353 « 11353

(1999) The neural correlates of verb and noun processing: a PET study.
Brain 122:2337-2344.

Price CJ, Friston KJ (1997) Cognitive conjunction: a new approach to brain
activation experiments. Neuroimage 5:261-270.

Prinz J (2002) Furnishing the mind: Conepts and their perceptual bases.
Cambridge, MA: The MIT.

Pulvermiiller F (1999) Words in the brain’s language. Behav Brain Sci 22:
253-279; discussion 280—-336.

Pulvermiiller F (2001) Brain reflections of words and their meaning. Trends
Cogn Sci 5:517-524.

Pulvermiiller F (2002) A brain perspective on language mechanisms: from
discrete neuronal ensembles to serial order. Prog Neurobiol 67:85-111.

Revill KP, Aslin RN, Tanenhaus MK, Bavelier D (2008) Neural correlates of
partial lexical activation. Proc Natl Acad Sci U S A 105:13111-13115.

Rogers TT, Lambon Ralph MA, Garrard P, Bozeat S, McClelland JL, Hodges
JR, Patterson K (2004) Structure and deterioration of semantic mem-
ory: a neuropsychological and computational investigation. Psychol Rev
111:205-235.

Sadato N, Pascual-Leone A, Grafman J, Ibafiez V, Deiber MP, Dold G, Hallett
M (1996) Activation of the primary visual cortex by Braille reading in
blind subjects. Nature 380:526—528.

Saxe R, Jamal N, Powell L (2006) My body or yours? The effect of visual
perspective on cortical body representations. Cereb Cortex 16:178-182.

Shapiro KA, Moo LR, Caramazza A (2006) Cortical signatures of noun and
verb production. Proc Natl Acad Sci U S A 103:1644-1649.

Stroop JR (1935) Studies of interference in serial verbal reactions. ] Exp
Psychol 18:643—661.

Thompson CK, Bonakdarpour B, Fix SC, Blumenfeld HK, Parrish TB, Gitel-
man DR, Mesulam MM (2007) Neural correlates of verb argument
structure processing. ] Cogn Neurosci 19:1753-1767.

Thompson-Schill SL (2003) Neuroimaging studies of semantic memory: in-
ferring “how” from “where.” Neuropsychologia 41:280-292.

Thompson-Schill SL, Kan IP, Oliver RT (2006) Neuroimaging of semantic
memory. In: Handbook of functional neuroimaging, Ed 2 (Cabeza R,
Kingstone A, eds), pp 149-190. Cambridge, MA: MIT.

Tootell RB, Reppas JB, Dale AM, Look RB, Sereno MI, Malach R, Brady TJ,
Rosen BR (1995) Visual motion aftereffect in human cortical area MT
revealed by functional magnetic resonance imaging. Nature 375:139—-141.

Tranel D, Kemmerer D, Adolphs R, Damasio H, Damasio AR (2003) Neural
correlates of conceptual knowledge for actions. Cogn Neuropsychol
20:409-432.

Tyler LK, Moss HE (2001) Towards a distributed account of conceptual
knowledge. Trends Cogn Sci 5:244-252.

Tyler LK, Stamatakis EA, Dick E, Bright P, Fletcher P, Moss H (2003) Ob-
jects and their actions: evidence for a neurally distributed semantic sys-
tem. Neuroimage 18:542-557.

Warburton E, Wise RJ, Price CJ, Weiller C, Hadar U, Ramsay S, Frackowiak
RS (1996) Noun and verb retrieval by normal subjects. Studies with
PET. Brain 119:159-179.

Watson JD, Myers R, Frackowiak RS, Hajnal JV, Woods RP, Mazziotta JC,
Shipp S, Zeki S (1993) Area V5 of the human brain: evidence from a
combined study using positron emission tomography and magnetic res-
onance imaging. Cereb Cortex 3:79-94.

Wu DH, Waller S, Chatterjee A (2007) The functional neuroanatomy of
thematic role and locative relational knowledge. J Cogn Neurosci
19:1542-1555.

Yokoyama S, Miyamoto T, Riera J, Kim J, Akitsuki Y, Iwata K, Yoshimoto K,
Horie K, Sato S, Kawashima R (2006) Cortical mechanisms involved in
the processing of verbs: an fMRI study. ] Cogn Neurosci 18:1304-1313.



