


subjective reports, provides evidence that the human brain is able to
understand others' feelings. Moreover, the brain activity elicited by
perceived pain of a target person is overlapped with the brain activity
underlying the � rst hand pain experience and is associated with an
observer's own distress at witnessing another person's suffering.
These suggest that an observer feels the same emotion that a target
person feels or shares others' feelings.
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Experiment 1 in the current study examined the time course of neural
responses to pain versus neutral expressions and whether differential
neural responses to pain versus neutral expressions were modulated
by racial group relationship between observers and perceived targets.
Participants in Experiment 1 were also asked to perform race judg-
ments on a set of inverted Asian and Caucasian faces in order to con-
trol for effects produced by perceptual feature differences between
Asian and Caucasian faces though the luminance level was matched
for the two sets of stimuli.

Most importantly, Experiments 2 and 3 investigated whether en-
hanced attention to another individual's feelings of pain or including
other-race individuals in one's own team during a competitive situa-
tion can eliminate RBE-related brain activity. Experiment 2 asked
participants to perform both race judgments and pain judgments on
racial in-group and out-group faces. If enhanced attention to an
individual's feelings increases empathy for others' pain, we would
expect that, relative to race judgments, pain judgments increase
empathy-related neural activity to racial out-group faces and lead to
reduction of the RBE. Experiment 3 manipulated intergroup relation-
ships between participants and perceived faces. Participants were
assigned to the blue or green team for a competitive game and both
the fellow-team and opponent-team consisted of half Asians and half
Caucasians. ERPs were recorded during race judgments on faces of
fellow-team and opponent-team members. If in-group relationships
increase empathy for other-race individuals of the fellow-team, we
would expect increased empathy-related neural activity to Caucasian
faces of the fellow-team and this may also lead to reduction of the
RBE for Caucasian faces of the fellow-team compared to Caucasian
faces of the opponent-team.
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response buttons and judgments was also counterbalanced across
different blocks of trials.

After the EEG session, participants were asked to rate the intensity
of the pain portrayed by each face and their own subjective feelings of
unpleasantness induced by each face on a 9 point Likert scale (1=not
at all painful or unpleasant, 9=extremely painful or unpleasant). To
assess explicit subjective attitudes towards Asian and Caucasian
faces, participants were asked to rate the likability of each face on a
9-point Likert scale (1=not at all, 9=extremely strong). Participants
also completed the Interpersonal Reactivity Index (IRI) as a measure
of empathy ability ( Davis, 1983). The IRI is a questionnaire measure
that contains four subscales including the Perspective Taking subscale
that assesses the •tendency to spontaneously adopt the psychological
point of view of others in everyday life Ž, the Fantasy subscale that
estimates the •tendency to imaginatively transpose oneself into
� ctional situations Ž, the Empathic Concern subscale that assesses the
•tendency to experience feelings of sympathy and compassion for unfor-
tunate other Ž, and the Personal Distress subscale that assesses•tendency
to experience distress and discomfort in response to extreme distress in
othersŽ (
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Fig. 7. ERP results in Experiment 3. (A) Grand-averaged ERPs to opponent team faces recorded at FCz. (B) Source estimation of the neural activity that differentiated between pain
and neutral expressions of Asian faces from the opponent team faces at 156 ms. (C) Grand-averaged ERPs to fellow team faces recorded at FCz. (D) Source estimation of the neural
activity that differentiated between pain and neutral expressions of fellow team faces at 148 ms. (E) The differential P2 amplitudes at 128 …188 ms to pain vs. neutral expressions at
FCz. Error bars are standard errors. (F) The correlation between differential RTs (mean RTs to fellow team faces minus mean RTs to opponent team faces) and the differential
empathic responses in the P2 time window at FCz ((pain-neutral) fellow team minus (pain-neutral) opponent team
2008). It is well known that pain perception is modulated by attention
such that focusing on pain enhances pain perception (see Villemure
and Bushnell, 2002 for a review). Attention-related modulations of no-
ciceptive responses have been observed in both sensory and limbic cor-
tical areas, including SI, SII, ACC and insular cortices (Bushnell et al.,
1999; Petrovic et al., 2000; Peyron et al., 1999 ). However, the effect of
attention on empathic neural responses to pain expression remains
unclear. Several fMRI studies similarly observed activation in the affect
nodes of the pain matrix (e.g., the ACC) regardless of task demand.
Attentively viewing video clips ( Botvinick et al., 2005; Lamm et al.,
2007) or photographs ( Saarela et al., 2007) that showed pain vs. neutral
expressions increased the activity in the ACC and bilateral insula. View-
ing video clips of pain expression similarly activated the ACC even
though participants' attention was distracted from pain expression by
being asked to perform gender discrimination of painful faces ( Simon
et al., 2006). Our ERP results suggest that, similar to � rst-person pain
perception, empathy for others' pain expression can be enhanced by
attention in a social context where racial in-group and out-group
members are present simultaneously and such effect occurs mainly to
the racial out-group members.

Experiment 3 showed that changing the intergroup relationships
between observers and targets by enclosing other-race models into
one's own team eliminated RBE-related brain activity due to increases
of empathic neural responses to other-race faces. By assigning partic-
ipants to novel groups and providing equal exposure to fellow and
opponent team faces, Experiment 3 minimized the roles of familiarity
and novelty as causal variables in the modulation of RBE-related
neural activity. Moreover, decreasing RBE-related brain activity via
manipulations of intergroup relationships did not require explicit
attention to team membership since race judgments rather than
team membership judgments were conducted in Experiment 3.

Together, our � ndings support the proposal that manipulations of
cognitive strategies and intergroup relationships may increase refer-
ences to an individual's personal situation when perceiving painful
expressions in other-race faces and, consequently, lead to increased
empathic neural responses to other-race individuals. Our � ndings
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demonstrate that the RBE is not inevitable and that manipulations of
cognitive strategies and intergroup relationships can reduce RBE-
related brain activity effectively.

The results of Experiment 3 indicate that, while the novel in-group
favoritism increased empathic neural responses to other-race faces,
the novel out-group derogation did not reduce empathic responses
to same-race faces as the P2 effect to same-race faces was comparable
for the fellow and opponent teams. Prior fMRI research also showed
that fusiform and amygdala activity increased when observing neu-
tral faces of one's own mixed-race (black and white) team compared
to observing neutral faces of a mixed-race opponent team in white
participants ( Van Bavel et al., 2008), suggesting enhanced processing
of in-group members due to greater individuation ( Rhodes et al.,
2004) of in-group relative to out-group members. It appears that
the temporary group relationships built through team assignment
can overcome the effect of racial-group relationships on the fusiform
and amygdala activity to other-race faces ( Golby et al., 2001;
Lieberman et al., 2005 ). Our ERP results suggest that the temporary
group manipulation did not in � uence empathic neural responses to
same-race faces. Thus the affective processing of same-race faces,
which may occur early and automatically during face processing
(



Appendix A. Supplementary data

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.neuroimage.2012.04.028 .
.
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