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Embodied neural responses to others’ suffering
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To investigate whether and how facial mimicry in observers affects their empathic neural responses to others’ pain
expressions, we recorded event-related potentials (ERPs) from Chinese adults while viewing pain and neutral
expressions of Asian and Caucasian faces. Facial mimicry was manipulated by allowing participants to freely
move their facial muscles (the relaxed condition) or asking them to hold a pen horizontally using both teeth and
lips to prevent facial muscle movement and facial mimicry (the blocked condition). We found that the frontal N1
at 100–120 ms was enlarged by pain vs. neutral expressions. The N1 modulation by facial expressions was
significantly reduced in the blocked compared to relaxed conditions and this effect was observed for Asian but not
Caucasian faces. The findings suggest that facial mimicry plays a causal role in the early empathic neural
response and the embodied empathic neural responses are constrained by the racial intergroup relationship.
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Empathy is the ability to understand and share others’
emotions. Because of the key role of empathy in
altruistic motivation (Batson, 2011) and prosocial
behaviors (Preston & De Waal, 2002; de Waal,
2008), the underlying neural mechanisms have been
studied extensively using neuroimaging during the
last decade. One line of research focused on the
neural correlates of empathy for others’ painful
feelings. Functional magnetic resonance imaging
(fMRI) studies have shown that, relative to viewing
non-painful stimuli applied to others or neutral
expression, perceived painful stimuli applied to
others or pain expression elicited prominent
activations in the typical pain matrix consisting of
the anterior insula (AI), anterior cingulate cortex
(ACC) and supplementary motor area (SMA), and
somatosensory cortex (Botvinick et al., 2005; Gu &
Han, 2007; Gu, Liu, Dam, Hof, & Fan, 2013; Gu
et al., 2010; Han et al., 2009; Jackson, Meltzoff, &

Decety, 2005; Saarela et al., 2007; Singer et al., 2004;
see Fan, Duncan, Greck, & Northoff, 2011; Lamm,
Decety, & Singer, 2011; for meta-analysis). Event-
related potential (ERP) studies have shown that the
perception of painful compared with non-painful
stimuli applied to others modulates the amplitudes
of early frontocentral (the frontal N1 and P2), mid-
latency frontocentral (N2 and N3), and late
centroparietal (P3) ERP components (Contreras-
Huerta, Hielscher, Sherwell, Rens, & Cunnington,
2014; Decety, Yang, & Cheng, 2010; Fan & Han,
2008; Han, Fan, & Mao, 2008; Li & Han, 2010).
Perception of pain versus neutral expression also
enlarged the amplitude of the frontocentral P2
component (Huang & Han, 2014; Sheng & Han,
2012; Sheng, Liu, Zhou, Zhou, & Han, 2013).

Interestingly, increasing evidence suggests that
empathic neural responses to others’ suffering are
strongly modulated by multiple factors, such as
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attentional demand (Fan & Han, 2008; Gu & Han,
2007; Sheng & Han, 2012), affective link (Singer
et al., 2006), personal experiences (Cheng et al.,
2007), and intergroup relationships (Hein, Silani,
Preuschoff, Batson, & Singer,



(Sonnby-Borgström, 2002), it is possible that facial
mimicry produces greater effects on the early
automatic than the late empathic neural responses.
Third, as people showed enhanced empathic neural
activity to perceived pain in ingroup compared to
outgroup members (Azevedo et al., 2013; Huang &
Han, 2014; Mathur et al., 2010; Sheng & Han, 2012;
Sheng et al., 2014; Xu et al., 2009), it would be
interesting to investigate whether the effect of facial
mimicry on empathic neural responses depends on the
intergroup relationship between observers and targets.
As EMG recordings revealed that participants showed
increased frowns in reaction to ingroup compared to
outgroup members’ angry faces (Bourgeois & Hess,
2008), facial mimicry may produce stronger effects
on empathic neural responses to pain expressions of
ingroup compared to outgroup members.

The present study tested these hypotheses
by recording ERPs from healthy Chinese adults during
perception of pain versus neutral expressions of racial
ingroup (i.e., Asian) and outgroup (i.e., Caucasian)
faces. The stimuli and paradigm were similar to those
in our previous work (Sheng & Han, 2012; Sheng et al.,
2013). However, during the electroencephalography
(EEG) recordings, facial mimicry was manipulated by
allowing participants to freely move their facial muscles
or to hold a pen horizontally using both teeth and lips.
This manipulation prevents facial muscle movement
and facial mimicry (Niedenthal et al., 2001;
Niedenthal, Winkielman, Mondillon, & Vermeulen,
2009; Oberman et al., 2007). Empathic neural
responses were denoted as differential ERPs to pain
versus neutral expressions. We were particularly
interested in whether facial mimicry manipulations
differentially modulate empathic neural responses to
pain expression of racial ingroup and outgroup
members. Given that people are more familiar with
emotional expression of racial ingroup than outgroup
members (Elfenbein & Ambady, 2002), facial mimicry
may play a more important role in empathic neural
responses to pain expression of racial ingroup
members. Thus, we would expect a greater effect of
facial mimicry manipulations on empathic neural
responses to pain expression of racial ingroup than
outgroup members.

There has been ample evidence that imitation and
mimicry are automatic and facilitate empathy
(Iacoboni, 2009; Keysers, Kaas, & Gazzola, 2010)
and that imitation and mimicry are underlain by the
mirror neuron system consisting of the inferior
parietal lobule, the posterior inferior frontal gyrus,
and adjacent ventral premotor cortex in humans
(Iacoboni & Dapretto, 2006). Thus, one may expect
that the effect of facial mimicry manipulations on

empathy for others’ suffering occurs in the early
state of neural responses to pain expression because
early empathic neural responses are automatic and
less affected by top-down attention compared to late
empathic neural responses (Fan & Han, 2008). In
addition, as both fMRI (e.g., Gu & Han, 2007;
Saarela et al., 2007) and ERP (Sessa et al., 2014)
studies have revealed, neural responses to others’
pain in the inferior frontal and inferior parietal
cortices—brain regions overlapping with the mirror
neuron system—suggest that the effect of facial
mimicry manipulations on empathic neural responses
would be observed in these brain regions. High time
resolution of ERPs and related source estimation
allowed us to test these predictions.

METHODS

Participants

Twenty-four Chinese college students were enrolled
in the present study as paid volunteers
(Mean ± SD = 21.3 ± 2.1 years, 11 males). All were
right-handed, had normal or corrected-to-normal
vision, and reported no neurological history.
Informed consent was obtained prior to experiment.
This study was approved by the ethics committee at
the Psychology Department, Peking University.

Mimicry manipulations

Similar to the previous research (Niedenthal et al.,
2009), we blocked participants’ facial mimicry by
asking them to hold a clean pen sideways lightly by
teeth and close the lips (the Blocked condition). In a
control condition, participants performed the same
task with the same stimuli and nothing in their
mouth (the Relaxed condition).

Stimuli and procedure

Stimuli consisted of photographs of faces from 16
Caucasian and 16 Asian models (half males in each
racial group) adopted from Sheng and Han (2012), as
illustrated in Figure 1. Each model contributed a
picture of neutral expression and a picture of pain
expression, resulting in 64 photographs. Asian and
Caucasian faces were matched in perceptual features
(e.g., luminance), emotional intensity, and social
features (e.g., attractiveness) (Sheng & Han, 2012).
Luminance levels of the face stimuli, shown in
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(F(1, 23) = 31.50–52.60, ps < .001) and Expression
(F(1, 23) = 15.58–42.89, ps < .005), being larger to
Asian than Caucasian faces and smaller to pain than
neural expressions. Similarly, ANOVAs of the P3
amplitudes at 400–680 ms showed significant main
effect of Racial Group (F(1, 23) = 28.60–



P2, N2, P3, and N170 amplitude was significant
(ps > .05).

To examine whether empathic neural responses
were associated with subjective feelings of perceived
pain and participants’ empathy traits, we calculated
correlations between the differential ERP amplitudes
to pain versus neutral expressions and differential
rating scores of pain intensity and self-
unpleasantness. The empathic neural responses to
Asian faces in the N1 time window were negatively
correlated with subjective rating of pain intensity

(r = −.55~−.44, ps < .05, see Figure 5A) and self-
unpleasantness (r = −.57~−0.46, ps < .05, see
Figure 5B) in the Relaxed condition. The larger the
N1 amplitude increased by pain versus neutral
expressions of Asian faces in the Relaxed condition,
the stronger feelings of others’ pain and one’s own
unpleasantness. To further assess whether the
mimicry effect on empathic neural responses was
related to participants’ empathy traits, we calculated
the mimicry effect by subtracting empathic neural
responses of Asian faces (i.e., N1 amplitude to pain

Figure 3. Grand-averaged ERPs to Asian and Caucasian faces recorded at electrode P8.

Figure 4. Voltage topographies of the difference waves to pain (vs. neutral) expression in the time windows corresponding to each ERP
component.
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vs. neutral expressions) in the Blocked condition from
those in the Relaxed condition. We then calculated the
correlation between IRI scores and the mimicry effect
on the empathic neural response in the N1 time
window. This revealed a significantly negative
correlation between the N1 mimicry effect and the
subscale of personal distress in IRI (r = −.56~−.41,
ps < 0.05, see Figure 5C), the larger the personal
distress score, the greater mimicry effect on the N1
amplitude.

EMG results

ANOVAs of the EMG activity revealed a significant
main effect of Block (masseter: F(1, 19) = 30.28,
p < .001; risorius: F(1, 19) = 24.85, p < .001) and
Sequence (masseter: F(3, 57) = 8.78, p < .001;
risorius: F(3, 57) = 5.11, p < .005). The interaction
of Block and Sequence did not reach significance
(ps > .05). These results suggest that EMG activity
was stronger in the Blocked than Relaxed conditions
and tended to increase as EEG recording preceded
(Figure 6).

DISCUSSION

The current work examined the role of facial
mimicry in empathic neural responses to
perceived pain expressions. Our EMG results
confirmed stronger muscle tension when
participants held a pen using both teeth and lips
than when they were able to move their facial
muscles freely, suggesting that the mimicry
manipulation prevented facial mimicry during
perceiving pain expressions. Our ERP results first
showed that pain compared to neutral expressions
significantly augmented the amplitude of the
frontocentral N1 and P2 and of the parietal P3
components. Pain versus neutral expressions also
induced positive shift of N2 amplitudes over the
frontocentral region. These findings replicate the
previous ERP findings of empathy for pain
(Contreras-Huerta et al., 2014; Decety et al.,
2010; Fan & Han, 2008; Han et al., 2008; Huang
& Han, 2014; Li & Han, 2010; Sheng & Han,
2012; Sheng et al., 2013). Our ERP results also
showed that the increased P2 amplitude to pain
versus neutral expressions was more salient when

Figure 5. (A) Correlation between subjective ratings of pain intensity and differential N1 amplitudes to pain vs. neutral expressions
of Asian faces in the Relaxed condition. (B) Correlation between subjective ratings of self-unpleasantness and differential N1
amplitudes to pain vs. neutral expressions of Asian faces in the Relaxed condition. (C) Correlation between subjective ratings of
personal distress and the mimicry effect on the differential N1 amplitudes to pain vs. neutral expressions of Asian faces.

Figure 6. Illustrations of EMG activity recorded at the electrodes over the right masseter and risorius. The EMG activity was transformed
using 10×log10 and was display separately for the relaxed and blocked conditions.
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an observer and a target were of the same race
than when they were of different races, replicating
the racial ingroup bias in empathic neural
responses (Sheng & Han, 2012; Sheng et al.,
2013).

Most importantly, we showed evidence that facial
mimicry significantly modulated the empathic neural
responses. Specifically, we found that the N1
amplitude in the Relaxed condition was enlarged
by pain versus neutral expression of faces that were
of the same race as participants. Our previous
research using the same stimuli and task showed
similar N1 modulation by pain expression, though
this effect did not reach significance, possibly due to
a small sample size (Sheng & Han, 2012). Other
ERP studies also reported reliable modulations of
the N1 amplitude by perceived pain in others
(Contreras-Huerta et al., 2014). It has been
suggested that the increased N1 amplitude in
response to fearful facial expression may reflect
early coding of threatening messages (Bar-Haim,
Lamy, & Glickman, 2005; Luo, Feng, He, Wang, &
Luo, 2010). Pain expression may also convey
threatening messages and can be perceived as more
arousing and more unpleasant (Simon, Craig,
Gosselin, Belin, & Rainville, 2008) and thus led to
the increased N1 amplitude compared to neutral
expression. Consistent with the previous findings,
our source estimation of the neural activity in the
N1 time window suggested the engagement of the
ACC, the orbital frontal cortex, and the right parietal
cortex.

Our results further confirmed that the effect of pain
expression on the N1 amplitude was substantially
reduced when facial mimicry was blocked by asking
participants to hold a pen horizontally using both
teeth and lips. The differential N1 amplitude to pain
versus neutral expressions in the Relaxed condition
was significantly associated with subjective feelings
of others’ pain and one’s own unpleasantness and thus
related to empathy. The effect of the mimicry
manipulation on the N1 amplitude to pain
expression provides the first ERP evidence that
facial mimicry is engaged during the early empathic
neural response. The previous EMG studies reported
evidence for the association between facial mimicry
and emotion recognition (Dimberg & Thunberg,
1998; Niedenthal et al., 2001; Oberman et al., 2007)
but did not disclose whether and how the neural
correlates of emotion recognition vary as a
consequence of facial mimicry. Our ERP results
indicate that the early empathic neural activity to
pain expression—a neural correlate of subjective

feelings with a possible origin in the ACC, the
orbital frontal cortex, and the inferior parietal cortex
—depends on an onlooker’s bodily ability to express
the same expression. In addition, we found that
participants who reported greater personal distress
showed increased mimicry effects on the N1
amplitude to perceived pain expression. Such an
association did not demonstrate a causal relationship
between personal distress and the mimicry effects on
empathic neural responses. However, this result
allowed us to speculate that individuals with greater
personal feelings of anxiety and discomfort might
more strongly depend on mimicry for early sharing
of others’ painful emotional states. Once facial
muscles are blocked and mimicry is dampened, the
early empathic neural responses are decreased and
other cognitive/affective strategies may be used for
understanding others’ feelings.

Interestingly, ERP components in later time
windows such as the P2, N2, and P3 were not
modulated by the mimicry manipulation, though the
amplitudes of these components were also sensitive to
pain expressions. However, the empathic neural
responses in the P2/N2/P3 time windows undergo
perceptual and cognitive influences. For example,
the P2 empathic neural response was enhanced by a
task demand that required focused attention on others’
pain (Sheng & Han, 2012). The P3 empathic neural
response was significantly reduced when stimulus
reality was impaired (Fan & Han, 2008). Thus, it
appears that an onlooker’s bodily state does not
influence the early and late empathic neural
responses in the same vein. The empathic neural
responses may be dissociated into two stages in the
sense that an onlooker’s bodily state modulates early
empathic neural responses, whereas cognitive strategy
such as attention affects the engagement of the late
empathic neural activity.

Other ERP research demonstrates that the N1
amplitude is modulated by other facial expressions,
such as fear (Eimer & Holmes, 2002; Holmes,
Vuilleumier, & Eimer, 2003) and the late ERP
components respond to affective pictures with
different levels of arousal (see Olofsson, Nordin,
Sequeira, & Polich, 2008 for review). It has been
suggested that the earlier ERP components
(< 300 ms) are linked to attention orientation for
unpleasant pictures and the late ERP components are
associated with enhanced stimulus processing during
memory encoding for arousing pictures (Olofsson
et al., 2008). If, according to the theory of
embodying emotion, processing others’ emotional
states engages re-experiencing of one’s own relevant
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emotion (Niedenthal, 2007), we can assume a similar
relationship between bodily states of emotion and
encoding/representation of others’ emotional states
regardless of what emotion (e.g., pain, fear) is
processed. This may then allow us to predict that
blocking facial mimicry should also modulate the
neural activity underlying the processing other types
of emotion. This can be tested in future research.

Our ERP results also suggest a new mechanism
underlying the racial ingroup bias in empathy.
Previous ERP and fMRI studies unveiled multiple
factors that contribute to the racial ingroup bias in
empathic neural responses. For example, the lack of
individuated process and perspective-taking
characterizes the perception of perceived pain in
racial outgroup members (Drwecki, Moore, Ward, &
Prkachin, 2011; Sheng & Han, 2012; Sheng et al.,
2014). Perception of pain expressions of racial
ingroup and outgroup individuals recruits distinct
neuronal populations at a specific stage of the
processing stream (Sheng, Han, & Han, 2015).
Oxytocin, a neuropeptide that functions as both
hormone and neurotransmitter and plays a key role
in social attachment and affiliation, facilitates
empathic neural responses in the P2 time window to
racial ingroup but not outgroup members’ suffering
(De Dreu et al., 2010, 2011; Domes, Heinrichs,
Michel, Berger, & Herpertz, 2007; Sheng et al.,
2013). The racial ingroup bias in empathy for pain
is also associated with the oxytocin receptor gene
(OXTR) because G/G compared to A/A
homozygous of OXTR rs53576 showed stronger
ACC/SMA activity in response to racial ingroup
members’ pain (Luo et al., 2015). Life experiences
also influence racial ingroup bias in empathic neural
responses as Chinese adults who were brought up in
Western countries, where Caucasians consist of the
majority of population, did not show racial ingroup
favoritism in the ACC and insular activity in response
to perceived pain in others (Zuo & Han, 2013). The
current findings complement the previous work by
illustrating that, besides the distinct cognitive
strategy and biological function of hormone/
neurotransmitter associated with perceived pain in
racial ingroup and outgroup members, an observer’s
bodily state may also contribute to the racial ingroup
bias in empathy due to the greater sensitivity of facial
muscles to perceived pain expression in racial ingroup
than outgroup members. This may be attributed to
more social experiences and greater similarity in
physical appearance with racial ingroup versus
outgroup members, which may lead to a stronger
sense of familiarity with racial ingroup members.
Together with the finding of increased frowns in

response to ingroup member’s compared to the
outgroup member’s angry faces (Bourgeois & Hess,
2008), our ERP results support the proposition that
embodied emotion recognition and embodied
empathy are dependent on the intergroup
relationship between an onlooker and a target. The
automatic and unconscious facial mimicry may play a
causal role in understanding and sharing the
emotional states of ingroup members.

Early ERP findings have related the N170 to
structural encoding of faces in temporo-occipital
processing areas (Eimer, 2000; Itier, Latinus, &
Taylor, 2006; Itier & Taylor, 2002). Recent research
has shown evidence that the N170 amplitude is also
modulated by facial expression, being enhanced by
positive or negative emotional faces (e.g., Calvo &
Beltrán, 2013; Bublatzky, Gerdes, White, Riemer, &
Alpers, 2014; see Rellecke et al., 2013, for a recent
review of emotion effect on the N170). In addition, the
modulation of the N170 amplitude by facial expression
was influenced by the racial relationship between an
onlooker and perceived faces (Tortosa, Lupiáñez, &
Ruz, 2013). White participants showed an enlarged
N170 to angry/happy than neutral expressions of
black faces and to angry compared to happy
expressions of white faces. Our ERP results suggest
that pain expressions modulated the N170 amplitude in
a way different from those observed in the previous
research. Relative to neural expressions, pain
expressions decreased rather than increased the N170
amplitude, and this effect was greater for racial ingroup
compared to outgroup faces. These results suggest that
the racial relationship between an onlooker and
perceived faces also influences the structural
encoding of emotional faces, that is, relative to those
of racial outgroup faces, the structural encoding was
decreased whereas the emotional processing was
enhanced for racial ingroup faces. However, the
modulation of the N170 amplitude by pain versus
neutral expressions was not influenced by the
manipulation of facial mimicry. Thus, although pain
versus neutral expressions modulated the neural
activity in multiple time windows, the effect of facial
mimicry on empathic neural responses occurred only
in the early time window over the frontal region,
indicating the specificity of the effect of facial
mimicry on empathy in terms of both temporal and
spatial characters of the brain activity.

In conclusion, the current study provided the first
ERP evidence that blocking facial mimicry reduced
the early empathic neural responses to others’
suffering. Our results cast new light on the pivotal
role of facial mimicry in empathy for pain. In
addition, our results showed brain imaging evidence
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