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Understanding the emotional states of
others is thought to involve simulating the
same state in one’s own mind. Simula-
tionist models of embodied emotion ar-
gue that expression recognition cannot be
performed as a disembodied cognitive
process involving the amodal matching of
physical properties with abstract con-
cepts; rather, perception of this biologi-
cally significant stimulus class relies on
the activation of a distributed sensorimo-
tor network that facilitates emotion rec-
ognition. The somatosensory and percep-
tual elements that are encoded when we
experience an emotion are reactivated
when we see the facial expression associ-
ated with that emotion (Goldman and
Sripada, 2005; Niedenthal, 2007). Several
lines of research support these theories:
patients with deficits in the production of
fear, disgust, or anger tend to also be im-
paired in face-based recognition of the
same emotion; neuroimaging studies
have also shown that similar brain regions
are active when a participant observes an
emotional expression as when they imi-
tate that same expression; and behavioral
studies have shown that mimicking facial
expressions facilitates perception of the
related emotion, and that this mimicry re-

Received Oct. 28, 2008; revised Dec. 4, 2008; accepted Dec. 4, 2008.

We thank James C. Thompson for his valuable comments.

*EH. and A.S. contributed equally to this work.

Correspondence should be addressed to Ashley Safford, Krasnow Insti-
tute for Advanced Study, George Mason University, 4400 University Drive
MS 2A1, Fairfax, VA 22030. E-mail: ahamlin2@gmu.edu.

DOI:10.1523/JNEUR0SCI.5205-08.2009
Copyright © 2009 Society for Neuroscience  0270-6474/09/290301-02%15.00/0

flects the internal simulation of the per-
ceived emotion (for review, see Goldman
and Sripada, 2005). Missing from this
data has been direct evidence of the selec-
tive involvement of somatosensory corti-
cal regions in emotion recognition.

In a study recently published in The
Journal of Neuroscience involving repeti-
tive transcranial magnetic stimulation
(rTMS), Pitcher et al. (2008) aimed to test
the hypothesis that facial expression rec-
ognition depends on somatoviseral re-
sponses associated with the perceived ex-
pression. rTMS was delivered to the right
occipital face area (rOFA) and the face
area of the right somatosensory cortex
(rSC) during either a facial expression or
facial identity discrimination task. On
each trial, subjects were presented with
pairs of visual face stimuli (sample and
target pictures) separated by a 1000 ms
interval; rTMS was delivered at 10 Hz for
500 ms during the presentation of the tar-
get stimuli. rTMS was also delivered to the
vertex, to control for the effects of TMS,
and ano-TMS condition was included as a
behavioral baseline. To study the possible
dissociation of neural involvement be-
tween various emotions, facial stimuli ex-
pressed one of six possible emotions:
happy, sad, surprise, fear, disgust, and an-
ger. Pitcher et al. (2008) found that accu-
racy on the expression task was reduced
for stimulation of both rOFA and rSC, but
stimulation at these sites had no effect on
the identity task. To demonstrate that the
effects of TMS were specific to face regions
of rSC, a clever additional experiment

used r'TMS to stimulate both the face and
the finger region of rSC, indicating that
the expression impairment was not sim-
ply a general effect of rTMS on the so-
matosensory cortex.

The lack of an effect of rTMS to the
rOFA on identity recognition, in the pres-
ence of impaired expression recognition
after rTMS to the rOFA, was interpreted
as evidence for greater configural process-
ing of face identity and more part-based
processing of face expression. Previous
work by these authors has indicated that
although rTMS impairs part-based pro-
cessing of faces, it had no effect on config-
ural processing of faces (Pitcher et al.,
2007). Although part-based processing
plays an important role in the recognition
of certain emotions (Smith et al., 2005),
there is also evidence for configural pro-
cessing of emotional expressions (Calder
et al., 2000). An alternative explanation
could be that identity processing can draw
on bilateral neural mechanisms that com-
pensate for disruption to the rOFA.

The involvement of rSC in processing
expression (rather than identity) found in
the study by Pitcher et al. (2008) can be
explained by the emotional content that is
critical to the expression task but is not
relevant for the identity discrimination
task. It has been suggested that embodi-
ment only occurs when informational
processing relies on emotional associa-
tions. In contrast, when the decision can
be made on the basis of perceptual fea-
tures alone, simulation is unnecessary
(Niedenthal, 2007). This phenomenon is
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consistent with findings from other do-
mains, indicating that it is not specific to
perception of facial expressions. Instead,
it appears that simulation is involved
whenever the emotional aspect of infor-
mation processing is manipulated; for ex-
ample, in judgments of the emotional
content of language and in recall of emo-
tional memories (Niedenthal, 2007).

An important issue in the study of
emotion is whether specific emotions are
processed by distinct mechanisms. In a
study using single-pulse TMS, Pourtois et
al. (2004) found that TMS to right so-
matosensory cortex selectively interfered
with perception of fearful expressions but
not happy faces. However, when compar-
ing six different emotions, Pitcher et al.
(2008) found no preferential impairment
of individual expressions. The authors at-
tributed this result to lack of statistical
power because of the restricted number of
trials per expression. However, an alterna-
tive explanation for this is that different
emotions could vary in the level of inter-
nal somatic representation required for
recognition. The rSC excitation threshold
may be emotion-dependent, and thus dif-
ferent levels of interference by TMS stim-
ulation would be required to influence
performance for various emotions. Be-
cause fear is a biologically relevant and sa-
lient emotion, it is logical that it involves
stronger somatoviseral representation
that is more easily interfered with. Pitcher
et al. (2008) used higher intensity repeti-
tive TMS than Pourtois et al. (2004),
which could be sufficient to interfere with
the representation of a wider range of ex-
pressions, including happiness. It is also
possible that happy faces are less depen-
dent on somatosensory representation
than fearful faces.

Distinct processing of individual emo-
tions is also supported by the findings of
Oberman et al. (2007). These authors
found that blocking facial mimicry by
holding a pen between the teeth interfered
with perception of faces expressing happi-
ness, but did not have a similar influence
on more inwardly expressed and facially
neutral emotions of disgust, fear, or sad-
ness. The manipulation engaged the facial
musculature involved in emotional ex-
pressions, but was most similar to that in-
volved in expression of happiness com-
pared with the other three emotions.
Importantly, in this study, performance

on a facial expression discrimination task
was influenced by manipulating the mo-
tor representation of the associated emo-
tion, whereas in the study by Pitcher et al.
(2008), TMS interfered with somatosen-
sory representation of emotion. There-
fore, the seemingly inconsistent results
can be resolved by attributing them to dif-
ferent stages of the same action-
perception network as modeled by simu-
lationist theories (Goldman and Sripada,
2005).

The study by Pitcher et al. (2008) pro-
vides strong evidence for simulationist
models of emotion recognition and is also
relevant to perception of emotional
meaning, which is particularly significant
for facilitating successful social interac-
tion. Empathy, the ability to understand
and resonate with another’s emotional
state, shows significant interindividual
differences. This emotional reactivity ap-
pears to predict the degree to which an
individual simulates another’s emotions
neurally. Evidence suggests that highly
empathic individuals experience noncon-
scious imitation of others’ facial expres-
sions and body language (the chameleon
effect), to a greater degree than less em-
pathic people (Chartrand and Bargh,
1999). There appears to be a positive cor-
relation between the ability to empathize
and the ability to visually recognize emo-
tions conveyed by another: a recent neu-
roimaging study (Jabbi et al., 2007)
showed that activity in the insula and
frontal operculum correlated with indi-
vidual ratings of empathy for both nega-
tive and positive emotions.

Furthermore, a recent functional mag-
netic resonance imaging study suggests
different brain regions are associated with
the empathic response to different emo-
tions (Chakrabarti et al., 2006). Ventral
striatal activation to happy faces corre-
lated positively with empathy measures,
whereas activation in this region to sad
faces showed a negative correlation. Con-
sistent with embodied simulation, activity
in the premotor cortex was positively cor-
related with empathy across all four tested
emotions. These results suggest that there
are both common and divergent neural
mechanisms underpinning expression
production and observation. Whereas
premotor mirror neuron activity under-
lies the action representation associated
with emotional expression in general (and
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thus, not surprisingly, predicts an individ-
ual’s ability to “feel” or empathize with
another regardless of the specific action or
expression), the specificity of empathic
response pathways suggests that neural
subsystems exist, particularly for visceros-
ensory aspects associated with the con-
comitant internal simulation of a viewed
emotion, thus unique to each expression.

The association between emotional
imitation and empathy leads to the idea
that a breakdown in the simulation net-
work could lead to significant social
deficits; evidence suggests that such
mechanisms may be involved in disorders
such as autism. However, future
neuroimaging- and TMS-related studies
will help determine whether emotional
analysis through facial expression percep-
tion is organized modularly, with a dis-
crete neural pathway underlying a given
affective state.
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