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Abstract: Recent research suggests that the inference of others’ intentions from their observed actions is sup-
ported by two neural systems that perform complementary roles. The human putative mirror neuron sys-
tem (pMNS) is thought to support automatic motor simulations of observed actions, with increased activity
for previously experienced actions, whereas the mentalizing system provides reflective, non-intuitive rea-
soning of others’ perspectives, particularly in the absence of prior experience. In the current fMRI study, we
show how motor familiarity with an action and perceptual familiarity with the race of an actor uniquely
modulate these two systems. Chinese participants were asked to infer the intentions of actors performing
symbolic gestures, an important form of non-verbal communication that has been shown to activate both
mentalizing and mirror neuron regions. Stimuli were manipulated along two dimensions: (1) actor’s race
(Caucasian vs. Chinese actors) and (2) participants’ level of experience with the gestures (familiar or unfami-
liar). We found that observing all gestures compared to observing still images was associated with increased
activity in key regions of both the pMNS and mentalizing systems. In addition, observations of one’s same
race generated greater activity in the posterior pMNS-related regions and the insula than observations of a
different race. Surprisingly, however, familiar gestures more strongly activated regions associated with men-
talizing, while unfamiliar gestures more strongly activated the posterior region of the pMNS, a finding that
is contrary to prior literature and demonstrates the powerful modulatory effects of both motor and percep-
tual familiarity on pMNS and mentalizing regions when asked to infer the intentions of intransitive gestures.
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Additional supporting information may be found in the online
version of this article.
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INTRODUCTION

How do we efficiently infer other’s intentions by observ-
ing their actions? Recent research indicates that intention
understanding engages two complementary systems: the
putative human mirror neuron system (pMNS) and the
mentalizing system [de Lange et al., 2008; Hesse et al.,
2009; Keysers and Gazzola, 2007; Uddin et al., 2007]. The
pMNS, composed of motor-related brain regions in the in-
ferior frontal gyrus (IFG) and inferior parietal lobule (IPL),
is activated both when an individual makes an action and
when he or she observes another person make the same
action [Aziz-Zadeh et al., 2006; Gallese et al., 1996; Rizzo-
latti and Craighero, 2004]. It has been proposed that map-





clips total. A control for action observation consisted of a
2-s presentation of a still photo made from the first frame
of the video clips (six stills per actor and 12 different stills
total).

Action execution

A cue for action execution trials consisted of a stimulus



derivative. Effects at each voxel were estimated and regionally
specific effects were compared using linear contrasts in indi-
vidual participants using a fixed effects analysis.

A group-level random effects analysis was then conducted,
taking into account between-subject variability [Penny et al.,
2004]. A priori regions of interest (ROIs) for the PMNS (left
IFG and IPL) and the mentalizing systems (dmPFC, PCC,
bilateral TPJ) were defined independently of the current data-
set to avoid circularity [Kriegeskorte et al., 2009]. Functional
definitions were taken from two relevant papers on the
pMNS [Buccino et al., 2004b] and mentalizing system [den
Ouden et al., 2005], with the criteria that each paper contained
activity from all ROIs within the given system and were well-

cited within the field. We used a small volume correction
with a mask defining the six regions with 10-mm radius
spheres with centers at the peak activations from these papers.
Results were reported at the P < 0. 05 level, FDR-corrected for
multiple comparisons over the six ROIs, and with a cluster
threshold of eight contiguous voxels (k � 8). Non-apriori
regions of significant activation were reported at the whole-
brain level using a threshold of P < 0.001 (uncorrected) and a
cluster threshold of eight contiguous voxels (k � 8).

ROI analyses were then performed by extracting beta-
values from group-level results within each of the previ-
ously defined 10 mm ROIs. A 2 � 2 repeated measures
ANOVA was performed on each ROI with the factors of



Figure 2.

Brain responses to observations of gestures versus still images

(all images displayed at P < 0.001 uncorrected for visualization

purposes; x ¼ �51). A: Observation of all gestures across famili-

arity and races versus still images evoked greater activity in com-

ponents of the pMNS [the left dorsal inferior frontal gyrus (IFG)

and dorsal premotor cortex and inferior parietal lobule (IPL)], as

well as the posterior superior temporal sulcus (pSTS) and poste-

rior cingulate cortex (PCC; not shown). B: Observation of the

same race versus still (red) evoked activity in the left IPL and

pSTS, while observation of a different race versus still (green)

evoked activity in the left dorsal premotor cortex and pSTS. C:

Observation of familiar gestures versus still images (red) evoked

greater activity in the left pSTS, while unfamiliar gestures versus

still images (green) evoked activity in dorsal IFG, IPL, and pSTS.

Figure 3.

Race-driven and experience-driven brain responses (all images

displayed at P < 0.001 uncorrected for visualization purposes).

A: Observations of another race versus one’s own race (Differ-

entRace > SameRace) evoked greater activity in the occipital

cortex bilaterally in the fusiform gyrus and middle temporal

gyrus (area V5/MT; not shown; z ¼ �11). B: Observations of

one’s own race versus another race (SameRace > Differen-

tRace) evoked greater activity in the left IPL and right posterior

insula (not shown; x ¼ �59). C: Observations of familiar ges-

tures versus unfamiliar gestures (Familiar > Unfamiliar) evoked

greater activity in the dorsal medial prefrontal cortex (dMPFC),

the posterior cingulate (PCC), the cuneus, and the bilateral tem-

poroparietal junctions (not shown), regions associated with

mentalizing and reasoning processes (x ¼ �4). D: Observations

of unfamiliar gestures versus familiar gestures (Unfamiliar > Fa-

miliar) evoked greater activity in the left IPL and postcentral

gyrus and the bilateral middle temporal gyri (area V5/MT) in the

putative extrastriate body area (EBA; x ¼ �53).
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familiarity and race using the R statistical package [Ihaka
and Gentleman, 1996], and results were subjected to a
Bonferroni correction for multiple comparisons.

RESULTS

Behavioral Results

Participants rated gestures from the category ‘‘familiar
gestures’’ as significantly more familiar than gestures from
the category ‘‘unfamiliar gestures’’ (familiar: 9.40 � 1.27;
unfamiliar: 3.17 � 1.96; P < 0.001). Participants also accu-
rately identified all familiar gestures and were unable to
accurately identify any of the unfamiliar gestures. Partici-
pants also rated half of the gestures as neutral (51.7%), fol-
lowed by positive (28.3%), and negative (20.0%).
Furthermore, there was no significant difference in sub-



(mPFC: F ¼ 15.35, P < 0.00058; L TPJ: F ¼ 9.89, P < 0.010; R
TPJ: F ¼ 12.79, P < 0.0022; PCC: F ¼ 5.67, P < 0.11). In addi-
tion, the IPL demonstrated a significant effect of race with
beta values for observations of the same-race actor greater



may be modulated by social factors such as perceptual fa-
miliarity and, in this case, race. This effect may be
strengthened by one’s daily life practice, particularly if
one has limited experience or perceptual familiarity with
another racial group, as found in our pool of participants.

By contrast, when observing actors that are perceptually



simulate the observed action using the IPL and other sen-
sorimotor regions to try to use our pre-existing motor rep-
resentations to generate a basic understanding of the
observed action.

Interestingly, the IPL, which is a multi-modal region
commonly associated with grasp affordances, motor atten-
tion, body awareness, and action planning [Oztop and
Arbib, 2002; Fogassi et al., 2005], showed increased activa-
tion both in response to unfamiliar gestures as well as to
one’s own race. Thus, the IPL may be involved in develop-
ing a sensorimotor representation of the observed action
that is sensitive to both physical similarity and prior expe-
riences with the movement. Activity in the IPL may be
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