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METHODS

Participants

Forty Chinese adults participated in this study as paid
volunteers. Twenty participants were self-identified
atheists (10 males, 22.6 ± 2.1 (mean age ± SD)
years) and 20 self-identified Christians (10 males,
22.1 ± 2.3 years). Christians were members of local
faith communities and had been attached to the



Before the electroencephalography (EEG) record-
ing, participants completed two learning tasks in order
to remember Christian and atheist models. In the first
task, participants were presented with neutral faces of
all models wearing a necklace with a cross or a round
pendant. Participants were informed that the models
with a cross were Christians and the models with a
round pendant were atheists. Participants were asked
to remember the social category of each model. Each
face was presented on a screen until participants
pressed a button. This encoding procedure lasted for
about 5 minutes. In the second task, each face without
a necklace (with pain or neutral expression) was pre-
sented on a screen until participants pressed a button
to categorize the face as a Christian or an atheist. Each
response was followed by a feedback on correctness.
Each participant completed 6 blocks of 40 trials. After
the learning task, participants were given a memory
test (2 blocks of 40 trials) that used a procedure
similar to that in the second learning task. The same
memory test was conducted again after the EEG
recording.

During the EEG recording, each photograph
marked with a cross or a round pendant was presented
in the centre of a 21-inch colour monitor, subtending a
visual angle of 3.8° × 4.7° at a viewing distance of
120 cm. Each trial consisted of a face stimulus with a
duration of 200 ms, which was followed by a fixation
cross with a duration that varied randomly between
800 and 1400 ms. Participants performed judgements
on pain versus neutral expressions of each face by a
button press using the left or right index finger. In
each block, 20 faces wearing a cross or a pendant
were presented once in a random order. Ten faces
showed pain expressions and 10 showed neutral
expressions. There were 12 blocks of trials with
faces wearing a cross and 12 blocks of trials with
faces wearing a pendant.

After the EEG session, participants were asked to
rate pain intensity 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 each face, participants were asked to rate
the likability of each face on a 9-point Likert scale
(1 = not at all, 9 = extremely strong). Participants
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”, the Fantasy subscale that estimates the

“tendency to imaginatively transpose oneself into fic-
tional situations”, the Empathic Concern subscale that
assesses the “tendency to experience feelings of sym-
pathy and compassion for unfortunate other” and the
Personal Distress subscale that assesses “tendency to
experience distress and discomfort in response to
extreme distress in others” (Davis, 1996, p. 57).
Each subscale consists of seven items. Participants
rated each item on a 5-point scale.

Participants were also asked to complete a religion
version of the Implicit Association Test (IAT;
Greenwald, McGhee, & Schwartz, 1998), where they
categorized Christian faces/positive words with one
key and atheist faces/negative words with another
key in two blocks. A reverse arrangement was used
in another two blocks. Latency differences between
the blocks with different response association between
faces and words reflected the relative ease to make
associations between Christian versus atheist faces
and concepts of good and bad. According to the
established algorithm of the latencies (Greenwald,
Nosek, & Banaji, 2003), a positive IAT D score indi-
cates that compared to out-group faces, in-group faces
are associated with positive rather than negative
attitude.

ERP data recording and analysis

The EEG was continuously recorded from 62 scalp
electrodes that were mounted on an elastic cap in
accordance with the extended 10–20 system and
were referenced to the average of the left and right
mastoid electrodes. The electrode impedance was kept
less than 5 kΩ. Eye blinks and vertical eye move-
ments were monitored with electrodes located above
and below the left eye. The horizontal electro-oculo-
gram was recorded from electrodes placed 1.5 cm
lateral to the left and right external canthi. The EEG
was amplified (band pass 0.1–100 Hz) and digitized at
a sampling rate of 250 Hz. The ERPs in each condi-
tion were averaged separately offline with an epoch
beginning 200 ms before stimulus onset and continu-
ing for 1200 ms. Trials contaminated by eye blinks,
eye movements or muscle potentials exceeding
±50 μV at any electrode were excluded from the





(mean ± SD = 0.05 ± 0.94, t(19) = 0.26, p = 0.80) and
atheist participants (0.12 ± 0.72, t(19) = 0.72,
p = 0.48), suggesting comparable implicit attitudes
towards the models who shared or did not share
religious/irreligious beliefs with participants.

ERP results

The percentage of the accepted trials for ERP analyses
in each condition is shown in Table 5. The mean
percentage of accepted trials for ERP analyses was
high (81.6%). ANOVAs of the percentage of accepted
trials did not show any significant effect (ps > 0.1),
indicating comparable numbers of trials used for ERP
analysis in each condition. Figure 2 illustrates grand-
averaged ERPs to pain and neutral expressions
recorded from Christian and atheist participants. The
ERPs elicited by faces were characterized by a nega-
tive wave at 80–120 ms (N1) and a positive deflection
at 124–176 ms (P2) over the frontal–central area.
These were followed by a negative wave at 200–
320 ms (N2) over the frontal region and a long-
latency positivity at 400–700 ms (P3) over the cen-
tral/parietal area.

ANOVAs of the N1 amplitude did not show any
significant effect. ANOVAs of the P2 amplitude at
132–168 ms over the frontal/central electrodes
showed a significant main effect of expression
(F(1,38) = 49.28 to 88.65, ps < 0.001). This replicates
the previous findings of stronger neural responses to
pain than neutral expressions (Sheng & Han, 2012;
Sheng et al., 2013). Moreover, ANOVAs of the P2
amplitude showed a significant interaction of expres-
sion × intergroup relationship (F(1,38) = 4.16 to 5.68,

ps < 0.05), indicating stronger P2 empathic neural
responses to those with shared beliefs compared to
those without shared beliefs. The three-way
interaction of expression × intergroup relation-
ship × belief was not significant (ps > 0.1), suggesting
that the in-group bias in the P2 empathic neural
responses did not differ significantly between
Christian and atheist participants.

Similarly, there was a significant positive shift of the
N2 amplitude at 200–320 ms over the frontal/central
electrodes elicited by pain compared to neutral expres-
sions (F(1,38) = 6.22 to 87.49, ps < 0.05). ANOVAs of
the N2 amplitude also showed a significant interaction
of expression × intergroup relationship (F(1,38) = 4.67
to 6.53, ps < 0.05), due to stronger empathic neural
responses in the N2 time window to those with shared
beliefs compared to those without shared beliefs. The
in-group bias in the N2 empathic neural responses did
not differ significantly between Christian and atheist
participants because the triple interaction of expres-
sion × intergroup relationship × belief was not signifi-
cant (ps > 0.05).

The P3 was of larger amplitudes at 412–612 ms over
the central/parietal electrodes in response to pain than
neutral expressions (F(1,38) = 5.50 to 12.13, ps < 0.05).
Moreover, there was a significant three-way interaction
of Expression × Intergroup Relationship × Belief
(F(1,38) = 4.20 to 6.70, ps < 0.05). Separate analyses
confirmed stronger empathic neural responses in the P3
time window to those with shared beliefs compared to
those without shared beliefs in Christian participants (F
(1,38) = 3.79 to 13.43, ps < 0.05) but not in atheist
participants (ps > 0.1).

Finally, to explore whether the in-group bias in the
P2, N2 and P3 amplitudes was associated with

TABLE 5
Percentage of the accepted trials (%) in each condition

In-group face Out-group face

Neutral Pain Neutral Pain

Christian 82.67 ± 13.81 82.17 ± 14.76 82.52 ± 11.80 82.47 ± 13.41
Non-religious 81.22 ± 12.62 81.23 ± 13.45 79.82 ± 14.33 81.17 ± 13.64

TABLE 4
Rating scores of IRI subscales (mean ± SD)

Christians Atheists t (38) P

Perspective-taking 2.56 ± 0.49 2.36 ± 0.58 1.18 >.10
Fantasy 2.53 ± 0.51 2.45 ± 0.81 .37 >.10
Empathic concern 2.96 ± 0.58 2.64 ± 0.55 1.76 .087
Personal distress 2.43 ± 0.48 2.34 ± 0.84 .40 >.10
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empathy traits, explicit and implicit attitudes, we cal-
culated correlations between the ERP index of
in-group bias (i.e., differential ERP amplitudes to
pain versus neutral expressions of those with shared
beliefs minus differential ERP amplitudes to pain
versus neutral expressions of those without shared
beliefs) and IRT scores, likability rating scores and
IAT D score. However, these analyses did not show
any significant effect (ps > 0.05).

DISCUSSION

The present study tested the hypothesis that the inter-
group relationships based on religious/irreligious

beliefs modulate empathic neural responses to other’s
suffering. Christian and atheist participants shared reli-
gious or irreligious beliefs with perceived models with
pain or neutral expressions. As Chinese participants
were presented with only Chinese faces in the current
experiment, observers were equally familiar with facial
features of the models with or without share religious/
irreligious beliefs. In addition, as each model’s face was
marked as both a Christian and an atheist (counter-
balanced across participants), face stimuli in the
Christian and atheist categories were identical across
all participants. Therefore, it was shared beliefs rather
than perceptual features of faces that identified the
intergroup relationships between an observer and a
target in the current experiment.

Figure 2. (a) Illustration of ERP results at the electrode FCz in the present study. ERPs recorded from Christians and atheists are shown in the
upper and lower panel, respectively. (b) Illustration of the mean differential P2, N2 and P3 amplitudes to pain versus neutral expressions.
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Interestingly, subjective reports revealed in-group
favouritism in the current study. Both Christian and
atheist participants explicitly reported greater self-
unpleasantness and less likability linked to the models
with different versus same (religious/irreligious)
beliefs, even though IAT did not show significant
differences in implicit attitudes towards the models
with or without shared beliefs. Moreover, Christian
participants reported greater in-group favouritism in
likability compared to atheist participants. This is dis-
crepant from the results of our previous studies of
racial in-group bias in empathy where self-reports of
self-unpleasantness and likability did not differ
between racial in-group and out-group members
(Sheng & Han, 2012; Sheng et al., 2013; Xu et al.,
2009). It appears that the racial in-group bias is
strongly intolerable in the current Chinese society
and this may result in the absence of any racial in-
group bias in self-report in the previous research, even
though racial in-group favouritism in empathic neural
responses was observed in these studies. In contrast,
explicit attitudes towards those with same or different
religious/irreligious beliefs may be tolerated to a cer-
tain degree and this allowed participants in the current
study to uncover their less likability and stronger
unpleasant feelings linked to those who did not
share religious/irreligious beliefs.

Although behavioural performances during EEG
recording did not show any significant difference
between models with the same or different religious/



controlled and involved in enhanced evaluation and
appraisal of others’ pain (Fan & Han, 2008). Thus, the
current ERP results indicate that religious and irreli-
gious identifications similarly induced stronger neural
activity associated with early, automatic empathic pro-
cessing of the suffering of those with shared beliefs as
opposed to those without shared beliefs. It is well
known that religious beliefs produce significant
effects on human social cognition and behaviour. For
example, religious (Christian) identifications are asso-
ciated with weakened self-face recognition (Ma, Han,
& Botbol, 2012), enhanced tendency to avoid risk
behaviours (Sinha, Cnaan, & Gelles, 2007) and
reduced depressive symptomatology (Koteskey,
Little, & Matthews, 1991). However, it remains
unclear how irreligious beliefs influence human social
cognition and behaviour (Johnson, 2012; Ysseldyk
et al., 2010). Here, we showed neuroscience evidence
that religious and irreligious beliefs lead to similar in-
group favouritism in neural activity within a specific
time course in response to others’ suffering. Thus,
irreligious beliefs may be as efficient as religious
beliefs to generate social categories of others and to
modulate human brain activity to the suffering of
those with or without irreligious beliefs.

Unlike the empathic neural responses in the P2 and
N2 time windows, the P3 amplitudes showed in-group
bias in response to others’ suffering in Christian but
not in atheist participants. Thus, the late evaluation
and appraisal of the suffering of those who do not
believe Christianity were significantly reduced in
Christian participants. In contrast, the late evaluation
of others’ suffering was not significantly affected by
shared beliefs in atheist participants. Christians con-
stitute a minority group of members of the current
Chinese society.1 There has been evidence that people



in emotion understanding and sharing may play a
fundamental role in human behaviour such as coop-
eration that strongly distinguishes between in-group
and out-group members (Henrich & Henrich, 2007).
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