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Abstract

Counter-empathy significantly affects people’s social lives. Previous evidence indicates that the degree of counter-empathy can be
either strong or weak. Strong counter-empathy easily occurs when empathizers are prejudiced against the targets of empathy (e.g.
prejudice against outgroup members) and activates brain regions that are opposite to those activated by empathy. Weak counter-
empathy may have different neural processing paths from strong ones, but its underlying neural mechanisms remain unclear. In
this work, we used an unfair distribution paradigm, which can reduce participants’ prejudice against persons empathized with, and
functional magnetic resonance imaging to explore the neural mechanisms underlying counter-empathy. Here, empathy and counter-
empathy shared a common neural mechanism, induced by unfair distribution, in the right middle temporal gyrus. Counter-empathy
activated distinct brain regions that differed from those of empathic responses in different situations. The functions of these brain
regions, which included themiddle frontal, middle temporal and left medial superior gyri, were similar andmostly related to emotional
regulation and cognitive processing. Here, we propose a process model of counter-empathy, involving two processing paths according
to whether or not prejudice exists. This study has theoretical significance and broadens our understanding of the cognitive neural
mechanisms underlying empathy and counter-empathy.
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Introduction
Empathy is an important contributor to successful social inter-
action and a key motivator for altruistic behavior. Therefore,
researchers are interested in empathy and its underlying cognitive
neural mechanisms. Counter-empathy, corresponding to empa-
thy, significantly affects human social lives, but its underlying
neural processing remains unclear. Counter-empathy refers to
emotional reactions that are incongruent, or even at odds, with
the emotional states of others (Yamada et al., 2011). Counter-
empathy, discovered by early researchers (Stotland et al., 1971;
Aderman and Unterberger, 1977; Englis et al., 1982), is a com-
mon everyday psychological phenomenon. Some examples of
counter-empathic phenomena are if one becomes jealous rather
than happy when a colleague one considers annoying receives
a promotion or if one is unhappy when a sports team one dis-
likes scores. Another example is when psychopathic killers do not
feel their victim’s pain and may even feel pleasure. With the rise

of cognitive neuroscience research, scholars have begun paying
attention to the conditions triggering counter-empathy and its
underlying cognitive neural mechanisms. And some valuable
findings are obtained. The results of these studies further sup-
port that counter-empathy is the opposite of empathy or that
counter-empathy is inconsistent with empathy.

Several functional magnetic resonance imaging (fMRI) studies
have shown that counter-empathy activates brain regions that
are opposite to those activated by empathy (Singer et al., 2006;
Takahashi et al., 2009; Dvash et al., 2010; Hein et al., 2010). Singer
et al. (2006) found thatmen exhibited counter-empathic responses
when they observed a person who had acted unfairly receiving
pain. This effect was accompanied by increased activation in
reward-related areas (e.g. the nucleus accumbens), which corre-
lated with an expressed desire for revenge. Takahashi et al. (2009)
found that when the target person’s possession was superior

and self-relevant, participants were more envious and showed
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stronger activation in the anterior cingulate cortex (a brain area
related to pain empathy). Their subsequent study revealed that
when misfortunes happened to envied persons, participants felt
stronger schadenfreude and showed stronger activation in the
striatum, a reward-related brain area. Hein et al. (2010) found that
the activation of the anterior insula (a brain area related to pain
empathy) and associated self-reports of empathic concern best
predicted whether participants helped an ingroup member when
seeing them suffer. Conversely, the activation of the nucleus
accumbens (a reward-related brain area) and the degree of nega-
tive evaluation of another best predicted whether participants did
not help an outgroup member.

Other studies have shown that counter-empathy manifests as
the weakening of empathy; that is, one’s emotional responses
are inconsistent with another’s emotional responses (Itagaki and
Katayama, 2008; Chiao and Mathur, 2010; Decety et al., 2010;
Yamada et al., 2011; Feng et al., 2016; Luo et al., 2018a). An event-
related potential (ERP) technology study found that counter-
empathy occurred in the late stages of empathic responses to
others’ economic payoffs. The authors of that study argued that
counter-empathy induced by unfair distribution was not a com-
plete disregard for others’ interests but an emotional reaction
accounting for others’ interests while focusing on one’s own inter-
ests. Their study showed that the relationship between counter-
empathy and empathy may be a transformation relationship and
not the opposite (Jie et al., 2019b). Fan et al. (2021) found that social
exclusion downregulates empathic responses in the late stages
of empathic responses and that this modulation is attenuated
gradually.

We drew two conclusions from these studies. First, the degree
of counter-empathy can be either strong or weak. Strong counter-
empathy and weak counter-empathy may have different process-
ing paths. Second, to our knowledge, strong counter-empathy
easily occurs when empathizers are prejudiced against the tar-
gets of empathy. Prejudice is an irrational, negative or hostile
attitude toward a person or members of another group. Examples
include prejudice against outgroupmembers (e.g. fans of different
soccer teams; Hein et al., 2010), people one does not like (Singer
et al., 2006) or people one envies (Takahashi et al., 2009). That is,
before experiencing counter-empathy, individuals either experi-
ence prejudice toward outgroup members (Hein et al., 2010; Han,
2018) or they dislike the targets of empathy for various reasons
(Singer et al., 2006; Takahashi et al., 2009). Because there are two
types of counter-empathy, many unanswered questions remain
about its neural mechanisms.

Thus, we further explored the potential neural mechanisms
of counter-empathy, and we propose two hypotheses. First, if
people reduce their preconceived prejudices against others, it
will weaken their counter-empathic responses, which manifests
inconsistently with the emotional reactions of others. Second,
counter-empathymay involvemore complex psychologicalmech-
anisms than those of empathy. According to previous ERP studies,
one reason for this is that counter-empathy induced by some con-
texts occurs at the late stages of empathic responses, exhibiting
a transformation from empathy to counter-empathy (Jie et al.,
2019b; Fan et al., 2021). Another reason is that counter-empathic
facial expressions aremore complex than empathic facial expres-
sions. An electromyography study indicated that stronger reac-
tions occurred under the ‘schadenfreude’ condition than under
the joy condition (Boecker et al., 2015). Another study found that
even if 6-year-old children had to pay money, they still wanted to
watch the punishment of an antisocial agent and showed signs
of schadenfreude (Mendes et al., 2018). However, they displayed

more frequent smiles coupledwith frowns during the punishment
of an antisocial agent than during the punishment of a prosocial
agent, thus showing a complex emotion (Mendes et al., 2018).

In the current study, we adopted a similar paradigm to that
of Jie et al. (2019b) because this paradigm can reduce partici-
pants’ prejudice against persons empathized with. The partici-
pants had never met their partners, of the same race (ingroup),
before participating in the experiment, and the flag-matching task
(Materials and Methods section) made the participants and their
partners more like collaborators, thus alleviating participants’
preconceived biases toward the targets of empathy. Second, in
this experimental paradigm, participants saw their partners’
emotional facial expressions, which helped induce empathic
responses. According to the perception-action model of empathy,
a perceived emotional state automatically activates the respec-
tive emotional state in the observer, along with the associated
autonomic and somatic responses (Preston and de Waal, 2002).
People can often determine the emotional states of others by
reading their facial expressions (Balconi and Pozzoli, 2007, 2009).
Several neuroimaging studies have provided empirical evidence
for this model, showing overlapping neural responses during
the direct experiences and the passive observation of emotions
and sensations (Wicker et al., 2003). Previous studies have also
used facial emotional expressions to induce empathic responses
(Lamm et al., 2007; Schulte-Rüther et al., 2008; de Greck et al.,
2012a,b). Third, the current paradigm asked participants to eval-
uate the degree of unpleasantness they experienced for their
partner’s outcome. Participants perceived their partner’s facial
expressions and provided emotional feedback representing that
perceived emotion. This helped improve the participants’ atten-
tion to the other’s emotions and easily induced empathy. Fourth,
the current paradigm asked participants to imagine their part-
ner’s feelings as much as possible. Previous studies have found
that when people imagine others’ feelings, they can easily expe-
rience similar feelings, which enables them to empathize with
others (Decety and Grezes, 2006). Similarly, if participants failed
to produce consistent emotions when perceiving others’ facial
expressions, it indicated that they produced counter-empathy.
Some researchers have adopted a similar paradigm to induce
counter-empathy (Yamada et al., 2011; Jie et al., 2019a,b).

In conclusion, the current study used fMRI to explore the cog-
nitive neural mechanism of counter-empathy induced by unfair
distribution and its relationship with cognitive neural processing
of empathy when no preconceived prejudice exists against oth-
ers. Exploring the neural mechanisms behind counter-empathy
induced by unfair distribution and understanding how this state
of inner imbalance is generated and regulated can broaden the
research on the cognitive neural mechanisms of empathy and
counter-empathy. It can also provide scientific guidance for clini-
cal intervention treatment and behavior correction methods and
help regulate individual negative emotional reactions, enhance
individual happiness and maintain social stability.

Material and methods
Participants
We performed power and sample size estimations using Super-
power (Lakens and Caldwell, 2021) in the online Shiny apps (see
https://arcstats.io/shiny/anova-power/). Based on the simulation
results, 20 participants were enough to detect a significant effect.
For a detailed overview of these simulations, please see our sup-
plementary file. Then we recruited 38 participants (19 women, 19
men; mean age, 20.58±1.90 years) for payment. All participants

https://arcstats.io/shiny/anova-power/
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were right-handed and had normal or corrected-to-normal vision
and no history of neurological or psychological disorders. The
Research Ethics Review Board of South China Normal University
approved the study protocol (approval number 148). All partici-
pants provided written informed consent according to the Decla-
ration of Helsinki before the experiment. The study was divided
into two experiments: an empathy-induced experiment and a
counter-empathy-induced experiment. All participants met the
criteria for MR scanning. In the two experiments, three and two
participants, respectively, were excluded for excessive motion
during the scan (>3mm in any ordinal direction or a 3◦ pitch,
roll or yawn). The empathy and counter-empathy experiments
included 35 and 36 valid participants, respectively, in the one-
sample t-test and 33 valid participants in the paired-sample t-test
in the final fMRI data analyses.

Materials
Flag-matching task
Images used in the experiment were downloaded from the online
Flag Picture Gallery: 192 images of flags were selected and
divided into 96 pairs. In a pilot study, we asked 20 individuals
to choose one image from each image pair that they thought
most people would prefer. To ensure that the payoff distri-
bution task in the formal experiment had credibility, if one
image was selected by more than 80% of the participants, it
meant that the participants and their partners had a high prob-
ability of choosing the same flag; therefore, this outcome was
designated as a ‘correct choice’ in the computer program in
the subsequent formal experiment. If both flags were selected
with equal probability (in the 40–60% range), it indicated that
the probability of the participants and their partners choos-
ing the same national flag would be relatively low, and both
flags were designated as ‘incorrect choices’ in the subsequent
formal experiment. Forty-eight image pairs were used in this
study.

Expression feedback
We engaged a male volunteer and a female volunteer as part-
ners (confederates) in the experiment. Three still photos of amale
partner and a female partner, clearly expressing a discernible
frown, neutral expression or smile, in response to a disadvan-
tageous inequality (DI) distribution, a fair (FA) distribution or an
advantageous inequality (AI) distribution for their partner were
shot against a white wall background and evaluated in advance
by 28 healthy adults. The valence and arousal of these expressions
were rated on a 9-point scale, with higher scores indicating higher
levels of valence or arousal. The Greenhouse–Geisser correction
was applied for the violation of the sphericity assumption in anal-
ysis of variance (ANOVA) where appropriate, and the Bonferroni
correction was used formultiple comparisons. The valence scores
differed significantly between expression types (smile: 6.46±0.14;
neutral: 3.70±0.21; frown: 1.88±0.15). Therewere significant dif-
ferences between each of the three expressions (Ps < 0.001). The
arousal degree also significantly differed between the expression
types (smile: 5.59±0.23; neutral: 3.20±0.17; frown: 5.07±0.29).
The results of multiple comparisons showed that the arousal
degrees for smile and frown were significantly higher than that
of the neutral expression (P<0.001), but the difference between
smile and frown was not significant. This suggested that pic-
tures of these three facial expressions can induce negative, neu-
tral and positive emotions. The brightness, size, contrast and

color settings of the pictures were unified with photo editing
software.

Procedure
The experiment used a within-subjects design of 2 (conditions:
empathy/counter-empathy) × 2 (feedback: correct/incorrect) × 3
(level of fairness to others: DI, FA or AI).

Before the scanning session, participants were introduced to
their partner. Participants were asked to stand against the wall
and have their pictures taken with the three expressions (frown,
neutral and smile) using a digital camera. Similarly, three pictures
of the partners’ three expressions were taken in the presence of
the participant. Then, both the participant and confederate were
given a comprehensive description of the tasks they would per-
form. The participants signed the research consent form at the
MRI lab and completed the Screening Form of the Brain Imaging
Center of South China Normal University. To ensure that the par-
ticipants understood the experimental process, they were tested
on the content of the experimental process and could participate
in the formal experiment only if they correctly answered 100% of
the questions. The entire experiment consisted of two parts: the
empathy experiment and the counter-empathy experiment.

Empathy experiment
Participants watched their partner playing a flag-matching game
with a computer (Figure 1). The reason why the partners did not
complete the task with the third-party persons is that it could
refrain the participants from empathy for the third-party persons,
which would affect their empathic responses to their partner.

Participants were told that if the computer and their part-
ner chose the same image, a ‘

√
’ would appear on the screen,

and then the computer and their partner would share a 10 yuan
bonus. There were three bonus distribution types for the partners.
If the partner’s frown was presented, it meant a DI distribution
(the partner got 0 yuan; the computer got 10 yuan). The part-
ner’s neutral expression meant an FA distribution (the partner
and the computer each got 5 yuan). The partner’s smile meant
an AI distribution (the partner got 10 yuan; the computer got 0
yuan). If the computer and the partner chose different images,
an ‘×’ appeared on the screen, and the computer and the partner
incurred a 10 yuan fine together. There were three fine distri-
butions for the partners. The partner’s frown represented a DI
distribution (the partner paid 10 yuan; the computer paid 0 yuan).
The partner’s neutral expression meant an FA distribution (the
partner and computer each paid 5 yuan). The partner’s smile
meant an AI distribution (the partner paid 0 yuan; the com-
puter paid 10 yuan). Participants were required to try their best
to imagine their partner’s situation and experience their part-
ner’s feelings during the experiment. At the end of each trial,
the participants completed a rating scale to measure the degree
of unpleasantness they experienced for their partner’s outcome,
which was divided into two ratings. Participants’ subjective feel-
ings were assessed via valence ratings of their affective state.
The feeling was unpleasant, neutral or pleasant, correspond-
ing to keys 1, 2 and 3, respectively. They were also asked the
degree of formal feelings they experienced, which was rated on
a 4-point scale. Larger numbers meant stronger feelings, corre-
sponding to keys 1, 2, 3 and 4. If participants chose ‘neutral’
in the previous interface, then the second interface would not
appear. The combination of these two interfaces was similar to
a 9-point subjective rating, ranging from very unpleasant to very
pleasant.
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Fig. 1. Example of the experimental design. At the beginning of each trial, a fixation point was displayed at the center of the screen for 500–1500ms.
After the fixation point, a 3000ms flag-matching game was presented. The task result was then presented for 2000ms, followed by a 4000ms partner’s
facial expression feedback. The participants then completed a 6000ms rating scale of the subjective pleasantness. The red box represents the
stimulation interface for the brain data analysis.

Counter-empathy experiment
The counter-empathy experiment involved a similar manipu-
lation to that of the empathy experiment (Figure 1). The dif-
ference was that the participants and their partners played a
flag-matching game together. The participants were asked to
choose one flag from the pair by pressing keys 1 or 2 within 3 s.
They were then shown three still shots, clearly expressing a dis-
cernible frown, neutral expression or smile, in response to DI, FA
or AI distributions to the partner, respectively.

After explaining the experimental procedure, participants
were told that their partner would participate in the same exper-
iment in another room, and the partner would see the photos of
the participants’ three facial expressions (frown, neutral, or smile,
in response to DI, FA or AI distributions, respectively). The bonus
in the participant fee was derived from the average bonus earned
by the participant in the correctly matched trials.

The task was equally divided into four blocks (two empathy
blocks and two counter-empathy blocks) with 36 trials each. All
experiment conditions within a block were randomized across
participants. Half of the participants completed the empathy task
and then the counter-empathy task, while the other half did the
opposite. The entire experiment consisted of 144 trials, with 12
trials per condition.

fMRI data acquisition
All fMRI data were acquired on a 3.0 T MR scanner (Trio
Tim, Siemens Medical Systems, Erlangen, Germany) with a
12-channel head coil at the Brain Imaging Center of South
China Normal University. The fMRI data were acquired using
an echo-planar imaging (EPI) sequence with the following
parameters: repetition time=2000ms, echo time=30ms, flip
angle=90◦, matrix=64×64, field of view=204×204mm2, thick-
ness/gap=3.5/0.8mm, voxel size=3.5 × 3.5 × 3.5mm3 and 32
axial slices covering the whole brain. During the scan, partici-
pants were instructed to remain still in the scanner throughout
the entire experiment and avoid anymovement. Participants with

excessive headmotions were excluded from the data analysis (see
Section of fMRI data analysis).

fMRI data analysis
Neuroimaging data were preprocessed and analyzed using Dpabi
(Yan et al., 2016). Slice timing and head motion correction
were performed first. Data for three and two participants were
excluded because of excessive motion during the scan (>3mm
in any ordinal direction or a 3◦ pitch, roll or yawn) in the
empathy and counter-empathy experiments, respectively. The
preprocessed data were normalized to the standard Montreal
Neurological Institute space by EPI template and resampled to
3mm isotropic voxels. Smoothing was conducted with a 6mm
full-width-half-maximum Gaussian kernel to suppress noise
and effects due to residual differences in functional and gyral
anatomy during intersubject averaging.

Preprocessing statistical analysis was performed using the
general linear model (Friston et al., 1994) in SPM12 (Statisti-
cal Parametric Mapping, www.fil.ion.ucl.ac.uk/spm/) and Mat-
lab_R2013b to establish participants’ voxel-wise activation during
expression feedback epochs (see the red box in Figure 1).
These regressors were convolved with a canonical hemody-
namic response function. Activated voxels in each experimen-
tal context were identified using an event-related statistical
model. First-level model estimation of the empathy and counter-
empathy experiment included six conditions: 2 (feedback: cor-
rect/incorrect) × 3 (level of fairness to others: frown, neutral or
smile in response to DI, FA or AI distributions, respectively). On
the second level, simple t-tests were performed for ‘empathy con-
trast’ and ‘counter-empathy contrast’. Specifics for empathy and
counter-empathy were analyzed by entering the respective first-
level contrast images into a factorial design. Excluding the par-
ticipants with excessive head motion, the single-sample t-tests
of the empathy and counter-empathy experiment analyzed 36
and 35 participants’ data, respectively. The specific contrasts
‘empathy> counter-empathy’ and ‘counter-empathy>empathy’

https://www.fil.ion.ucl.ac.uk/spm/
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Table 1. Mean scores and standard deviations of the subjective
pleasure ratings in each context (mean± s.d.)

Empathy Counter-empathy

Correct DI 3.50±1.47 7.20±1.39
FA 5.30±0.64 5.78±0.92
AI 6.49±1.55 4.22±1.53

Incorrect DI 3.13±1.61 5.33±1.30
FA 4.81±0.85 4.07±0.86
AI 5.56±1.43 2.97±1.49

were then inclusively masked for significant voxels of the respec-
tive simple contrast. Excluding the participants with excessive
head motion, the paired-sample t-test included 33 participants’
data. All contrasts were thresholded at a cluster level of P<0.05
for the familywise error (FWE) corrected level and P<0.001 for
the voxel level. Anatomical labeling was performed automati-
cally using XjView (http://www.alivelearn.net/xjview). We used
BrainNet Viewer (Xia et al., 2013) to view the significant fMRI
results. The Automatic Anatomic Labeling Atlas was used to par-
cellate the cerebral cortex into 90 predefined cortical regions
(Tzourio-Mazoyer et al., 2002).

Results
Behavioral data
Each person conducted 12 subjective pleasure ratings under
each condition. The Greenhouse–Geisser correction was applied
for the violation of the sphericity assumption in ANOVA where
appropriate, and the Bonferroni correction was used for multi-
ple comparisons. Table 1 shows the mean scores and standard
deviations of the subjective pleasure ratings in each context.
Repeated-measures ANOVA was conducted for the behavioral
data, with condition (empathy/counter-empathy), feedback (cor-
rect/incorrect) and fairness (DI/FA/AI) as the three independent
factors. The interaction effect of the three variables was signifi-
cant: F(2,74) =12.67, P<0.001, η2

p =0.26.
Further simple effect analysis revealed that for the counter-

empathy condition, themean subjective pleasure score for DI was
significantly higher than that for the empathy condition, regard-
less of whether the feedback was correct (F(1,37) =158.01, P<0.001,

η2
p =0.81) or incorrect (F(1,37) =50.32, P<0.001, η2

p =0.58). In
the counter-empathy condition, the mean subjective pleasure
score for AI was significantly lower than that for the empa-
thy condition, regardless of whether the feedback was correct
(F(1,37) =40.03, P<0.001, η2

p =0.52) or incorrect (F(1,37) =77.74,
P<0.001, η2

p =0.68). This showed that compared with the empa-
thy conditions, when the participants were under counter-
empathy conditions, they were happier about their partner’s DI
distribution and less happy about their partner’s AI distribu-
tion. For correct feedback, participants’ subjective pleasure to
their partner’s FA distribution in the counter-empathy condition
was significantly higher than that for the empathy condition
(F(1,37) =7.30, P<0.05, η2

p =0.17). For incorrect feedback, par-
ticipants’ subjective pleasure to their partner’s FA distribution
in the counter-empathy condition was significantly lower than
that for the empathy condition (F(1,37) =27.18, P<0.001, η2

p =0.42;
Figure 2).

Under the empathy condition, regardless of whether the
feedback was correct, the main effect of fairness was signifi-
cant (Fcorrect(2,36) =31.58, P<0.001, η2

p =0.64; Fincorrect(2,36) =24.01,
P<0.001, η2

p =0.57). Participants rated themselves as feeling hap-
pier with the AI distribution than with the FA (tcorrect(37) =4.94,
P<0.001; tincorrect(37) =3.20, P<0.01) or DI (tcorrect(37) =6.70, P<0.001;
tincorrect(37) =5.59, P<0.001) distributions, regardless of the feed-
back. They also felt happier with the FA than with the DI distribu-
tion (tcorrect(37) =7.80, P<0.001; tincorrect(37) =6.86, P<0.001). For the
counter-empathy condition, regardless of the feedback, the main
effect of fairness was significant (Fcorrect(2,36) =27.61, P<0.001,
η2

p =0.61; Fincorrect(2,36) =17.94, P<0.001, η2
p =0.50). Participants

rated themselves as feeling less happy with the AI distribution
than with the FA (tcorrect(37) =−6.04, P<0.001; tincorrect(37) =−5.51,
P<0.01) and DI (tcorrect(37) =−7.41, P<0.001; tincorrect(37) =−5.98,
P<0.01) distributions, regardless of the feedback. They also
felt less happy with the FA than with the DI distribution:
tcorrect(37) =−6.90, P<0.001; tincorrect(37) =−4.88, P<0.001; Figure 3.

fMRI results
Common brain areas involved in empathy and counter-
empathy
Compared with baseline (the normal time), most conditions in
the empathy and counter-empathy experiments (for details, see

Fig. 2. Comparison of subjective feeling ratings between the empathy and counter-empathy conditions (*P<0.05; **P<0.01; ***P<0.001).

http://www.alivelearn.net/xjview
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Fig. 3. Comparison of subjective feeling ratings for different distributions to participants’ partners (*P<0.05; **P<0.01; ***P<0.001).

Table 2. Brain regions activated in the empathy experiment

MNI peak coordinates

Condition Brain regions Voxel size x y z Peak T

C_AI
Superior occipital gyrus (R) 93 21 −99 9 6.78
Middle temporal gyrus (R) 113 54 −52 9 5.22

I_DI
Middle temporal gyrus (R) 812 54 −42 12 7.22
Middle occipital gyrus (L) 119 −12 −102 6 10.11
Superior occipital gyrus (R) 146 15 −102 6 7.64
Middle temporal gyrus(L) 159 −51 −45 9 5.35
Inferior frontal gyrus, triangular part (R) 180 48 27 18 6.58
Precuneus (R) 148 9 −54 33 5.37

I _FA
Superior occipital gyrus (R) 83 15 −102 6 5.93
Middle temporal gyrus (R) 227 48 −51 12 5.36
Angular gyrus (L) 99 −51 −69 42 5.57
Precuneus (R) 97 3 −60 33 6.10

I _AI
Middle temporal gyrus (R) 206 51 −42 12 4.61
Angular gyrus (L) 166 −51 −66 42 5.43

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Tables 2 and 3 and Figures 4 and 5) significantly activated par-
ticipants’ right middle temporal gyrus (rMTG). Additionally, all
conditions in the counter-empathy experiments significantly acti-
vated participants’ left middle temporal gyrus and right medial
superior frontal gyrus (rMESFG; P<0.001, uncorrected at the voxel
level, P<0.05 FWE-corrected at the cluster level). Tables 2 and 3
and Figures 4 and 5 show the activation results for the brain areas
under each condition.

In the empathy experiment, the right superior occipital gyrus
(rSOG) and the rMTG were significantly activated under correct
feedback with the AI distribution (C_AI) to the partner. The bilat-
eral middle temporal gyrus (MTG), left middle occipital gyrus,
rSOG, right inferior frontal gyrus, triangular part and right pre-
cuneus were significantly activated when the feedback was incor-
rect with a DI distribution (I_DI) to the partner. The rSOG, rMTG,

left angular gyrus (lAG) and right precuneus were significantly
activated when the feedback was incorrect with an FA distribu-
tion (I_FA) to the partner. The rMTG and lAG were significantly
activated when the feedback was incorrect with an AI distribution
(I_AI) to the partner.

In the counter-empathy experiment, the bilateral MTG,
rMESFG, lAG and left middle frontal gyrus (lMFG) were signifi-
cantly activated when the feedback was correct with a DI distri-
bution to the partner (C_DI). The bilateral MTG, bilateral middle
frontal gyrus (MFG), left inferior frontal gyrus, triangular part
(lIFGtriang), rMESFG, left inferior parietal lobule (lIPL), supra-
marginal and angular gyri and right precuneus were significantly
activated with correct feedback and an FA distribution to the
partner (C_FA). The bilateral MTG, bilateral MFG, right inferior
frontal gyrus, orbital part (rORBinf), lIFGtriang, rMESFG and



J. Jie et al. 279

Table 3. Brain regions activated in the counter-empathy task

MNI peak coordinates

Condition Brain region Voxel size x y z Peak T

C_DI
Middle temporal gyrus (R) 550 57 −39 6 7.38
Middle temporal gyrus (L) 132 −63 −33 −3 5.03
Medial superior frontal gyrus (R) 168 6 51 33 5.51
Angular gyrus (L) 442 −51 −57 33 6.81
Middle frontal gyrus (L) 170 −36 15 60 5.62

C_FA
Middle temporal gyrus (R) 1180 57 −57 39 8.54
Middle frontal gyrus (R) 335 54 30 6 6.61
Middle temporal gyrus (L) 155 −60 −36 −9 5.16
Inferior frontal gyrus, triangular part (L) 88 −54 24 24 5.65
Medial superior frontal gyrus (R) 652 21 42 54 7.10
Inferior parietal but supramarginal and angular gyri (L) 424 −48 −57 30 6.92
Precuneus (R) 133 6 −57 33 5.50
Middle frontal gyrus (L) 178 −45 9 57 6.00

C_AI
Middle temporal gyrus (R) 1237 57 −39 3 9.86
Inferior frontal gyrus, orbital part (R) 173 54 30 9 5.45
Middle temporal gyrus (L) 1102 −57 −57 33 9.38
Inferior frontal gyrus, triangular part (L) 268 −54 21 18 5.89
Medial superior frontal gyrus (R) 1043 6 51 45 7.26
Precuneus (R) 186 6 −63 33 5.49
Middle frontal gyrus (L) 217 −36 18 57 6.46
Middle frontal gyrus (R) 78 48 15 54 5.62

I_DI
Middle temporal gyrus (R) 2504 54 −39 0 10.32
Medial superior frontal gyrus (R) 2211 12 60 27 8.52
Middle temporal gyrus (L) 1284 −48 −63 30 8.20
Middle occipital gyrus (R) 83 −12 −102 9 10.46
Precuneus (R) 367 3 −63 33 7.58

I_FA
Middle temporal gyrus (R) 383 57 −36 3 8.32
Middle temporal gyrus (L) 191 −60 −39 −6 6.32
Middle frontal gyrus (R) 364 39 30 54 5.15
Inferior frontal gyrus, triangular part (L) 112 −42 48 3 5.04
Middle frontal gyrus (L) 207 −42 12 54 6.53
Angular (R) 517 54 −60 39 7.32
Medial superior frontal gyrus (R) 399 12 36 48 5.85
Angular gyrus (L) 314 −45 −69 48 6.73
Precuneus (R) 126 6 −57 33 5.85
Superior frontal gyrus (L) 69 −21 18 57 4.93

I_AI
Middle temporal gyrus (R) 789 54 −33 −3 7.36
Middle temporal gyrus (L) 112 −54 −36 −9 4.51
Medial superior frontal gyrus (R) 223 6 54 30 6.08
Angular gyrus (L) 278 −51 −66 42 7.49
Precuneus (R) 109 6 −57 33 5.71
Middle frontal gyrus (L) 97 −42 21 54 5.10

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

right precuneus were significantly activated with correct feed-
back and an AI distribution to the partner (C_AI). The bilateral
MTG, rMESFG, right middle occipital gyrus and right precuneus
were significantly activated with incorrect feedback and a DI dis-
tribution to the partner (I_DI). The bilateral MTG, bilateral MFG,
lIFGtriang, lAG, right angular gyrus (rAG), rMESFG, right pre-
cuneus and left superior frontal gyrus were significantly activated
with incorrect feedback and an FA distribution to the partner
(I_FA). The bilateral MTG, rMESFG, lAG, right precuneus and lMFG
were significantly activated with incorrect feedback and an AI
distribution to the partner (I_AI).

Specific brain areas involved in empathy and counter-
empathy
C_DI distribution to partner. During the facial expression phase,
empathy minus counter-empathy activated the right precen-
tral gyrus (rPreCG). Counter-empathy minus empathy activated
the bilateral MFG, rAG and lIPL (P<0.001 uncorrected at the
voxel level, P<0.05 FWE-corrected at the cluster level; Table 4,
Figure 6A and B).

I_DI distribution to partner. During the facial expression
phase, empathy minus counter-empathy activated the rPreCG.
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Fig. 4. Brain activation in the empathy experiment (P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level).

Counter-empathy minus empathy activated the bilateral ORBinf,
rMTG, rMESFG, lIPL and rAG (P<0.001 uncorrected at the voxel
level, P<0.05 FWE-corrected at the cluster level; Table 5,
Figure 7A and B).

C_AI distribution to partner. During the facial expression phase,
empathy minus counter-empathy showed no significant differ-
ences. Counter-empathy minus empathy activated the left infe-
rior frontal gyrus, triangular, bilateral MTG, bilateral AG and left
medial superior frontal gyrus (P<0.001 uncorrected at the voxel
level, P<0.05 FWE-corrected at the cluster level; Table 6 and
Figure 8).

I_AI distribution to partner. During the facial expression phase,
empathyminus counter-empathy activated the rPreCG. No signif-
icant differences were found for counter-empathy minus empa-
thy (P<0.001 at the voxel level, P<0.05 FWE-corrected at the
cluster level; Table 7 and Figure 9).

Specific brain areas involved in counter-empathy for differ-
ent levels of fairness
Comparing the brain activation for counter-empathy under unfair
conditions (i.e. a confirmed money loss), DI minus AI activated
the left inferior frontal gyrus, orbital part (lORBinf), right fusiform
gyrus, bilateral inferior occipital gyrus, left thalamus and left
postcentral gyrus only after incorrect feedback during the facial
expression phase. No significant differences were found in AI
minus DI (P<0.001 at the voxel level, P<0.05 FWE-corrected at
the cluster level; Table 8 and Figure 10).

I_DI minus C_DI activated the bilateral MTG, rORBinf, right
parahippocampal gyrus, left inferior occipital gyrus (lIOG),
rMESFG, left middle cingulate gyrus, right precuneus and right
supplementary motor area. No significant differences were found
between I_AI and C_AI (P<0.001 uncorrected at the voxel level,
P<0.05 FWE-corrected at the cluster level; Table 9 and Figure 11).

Discussion
The results of the self-report measures showed that when self-
interest was involved, the unfair distribution led to
counter-empathy. The fMRI results indicated that empathy and
counter-empathy have both common (e.g. the rMTG) and distinct
brain regions activated under different conditions of unfairness
to others. Thus, empathy and counter-empathy are not com-
plete opposites. These results demonstrate that if participants
are not prejudiced against the targets of empathy, they will not
experience strong counter-empathy.

Empathy and counter-empathy may not be
completely opposed
The results confirmed that empathy and counter-empathy did not
completely oppose each other when no prejudice existed. Empa-
thy and counter-empathy had common activated brain regions
(e.g. the rMTG).

As the core region of emotion generation and processing, the
MTG (Critchley et al., 2000; Seehausen et al., 2014) participated in
processing emotional facial expressions (Vuilleumier et al., 2003),
cognitive empathy (Völlm et al., 2006; Carrington and Bailey, 2009)
and theory of mind (Hein and Singer, 2008; Kandylaki et al., 2015).
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Fig. 5. Brain activation in the counter-empathy task (P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level).
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Table 4. Activation peaks for DI distribution (no benefit) to the partner

MNI peak coordinates

Condition Brain regions Voxel size x y z Peak T

Empathy> counter-
empathy

Precentral gyrus (R) 256 36 −15 51 5.31
Counter-
empathy>empathy

Middle frontal gyrus (R) 1087 36 57 −12 6.19
Angular gyrus (R) 706 54 −60 45 5.98
Middle frontal gyrus (L) 222 −45 54 3 7.04
Inferior parietal but supramarginal and angular gyri (L) 578 −51 −48 45 7.00
Middle frontal gyrus (L) 301 −36 6 63 5.98

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Fig. 6. Main contrast results for the C_DI distribution (no benefit) to
others. (A) Brain activation for empathy> counter-empathy. (B) Brain
activation for counter-empathy>empathy (P<0.001 at the voxel level,
P<0.05 FWE-corrected at the cluster level).

One study found that compared with the control stimuli, pain-
related exclamations elicited increased activation in the superior
and middle temporal gyri, suggesting that the MTG is involved in

empathy (Lang et al., 2011). Additionally, greater neural activa-
tion occurred for ingroup than for outgroup members in a shared
emotional facial expression production and perception network
(including the MTG), indicating more neural resonance (mirror-
ing) for ingroup emotional facial expressions. Thus, empathic
responses toward ingroup members were stronger than those
toward outgroup members (Krautheim et al., 2019). Together with
these studies, the current results regarding the activation of the
MTG during empathy and counter-empathy indicated that empa-
thy and counter-empathy for unfair distributions to others had
similar stages of emotional processing, and these similar stages
are likely to occur in the early stages of empathy.

Some researchers have proposed two possible systems for
empathy: a basic emotional contagion system and a more
advanced cognitive perspective-taking system (de Waal, 2007;
Shamay-Tsoory et al., 2009). The basic emotional contagion sys-
tem is thought to support our ability to empathize emotionally
(‘I feel what you feel’), a process bywhich sensory emotional infor-
mation is automatically and unconsciously transmitted between
individuals (Shamay-Tsoory et al., 2009). In other words, emo-
tional facial expression processing is the basis of the emotional
contagion. Therefore, the activation of the MTG may be related
to facial expression processing and the emotional contagion,
which occurs in the early stages of empathy. These results sup-
ported previous ERP research results (Jie et al., 2019a,b) in which
the authors found that although participants were more con-
cerned for their own outcomes than for others’ benefits when
self-interest was involved, their empathic responses toward their
coplayers were reduced only in the late stages of empathic
responses.

Notably, the same brain regions may be activated because
both empathy and counter-empathy have similar facial expres-
sion processing. However, as mentioned above, the processing of
emotional facial expressions is closely related to the emotional
contagion, and the participants are required to experience their
partner’s feelings as much as possible. Therefore, simply process-
ing emotional facial expressions without experiencing emotions
is difficult.

Empathy and counter-empathy each had their own distinct
brain regions. Empathy generally and significantly activated the
right precentral gyrus. Previous studies revealed that the pre-
central gyrus was related to affective empathy (Hooker et al.,
2010), cognitive empathy (Seehausen et al., 2014) and emotional
recognition (Adolphs et al., 2000). Moreover, the precentral gyrus
was the key neural mechanism involved in the ‘mirror sys-
tem’ of emotional expressions (Carr et al., 2003; Pfeifer et al.,
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Table 5. Activation peaks for DI distribution (10 yuan deducted) to the partner

MNI peak coordinates

Condition Brain regions Voxel size x y z Peak T

Empathy> counter-
empathy

Precentral gyrus (R) 419 39 −24 69 5.53
Counter-
empathy>empathy

Inferior frontal gyrus, orbital part (L) 94 −48 24 −9 5.45
Inferior frontal gyrus, orbital part (R) 162 51 27 −9 5.10
Middle temporal gyrus (R) 131 54 −36 0 4.97
Medial superior frontal gyrus (R) 530 45 24 48 5.53
Inferior parietal, but supramarginal and angular gyri (L) 214 −54 −54 39 5.37
Angular gyrus (R) 247 60 −57 24 5.05

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Fig. 7. Main contrast results for I_DI distribution (10 yuan deducted) to
others. (A) Brain activation for empathy> counter-empathy. (B) Brain
activation for counter-empathy>empathy (P<0.001 at the voxel level,
P<0.05 FWE-corrected at the cluster level).

2008). According to the perception-action model of empathy (Pre-
ston and de Waal, 2002), perception of a target’s state (e.g.
facial expressions and emotional body language) automatically
activates the observer’s own representation of that state, which

then triggers autonomic and somatic responses. Observers who
mimic the experience of the target generate empathy. In the cur-

rent study, empathy activated the right precentral gyrus more
significantly than counter-empathy did. Thus, we hypothesized

that the neural response of counter-empathy may inhibit the
mirror nervous system’s automatic shared representation for oth-

ers’ facial expressions, thus weakening the empathic response.
Although both the right precentral and middle temporal gyri are

involved in automatic emotional arousal, they may play different
roles in this arousal. The precentral gyrus may be more closely
related to mirror-image imitation, while the MTG is more closely
related to facial expression processing.

Counter-empathy generally and significantly activated several

brain regions, including the rAG and the left inferior parietal in
addition to activating regions specific to different distributions.

The angular gyrus (AG) participated in a variety of complex cogni-
tive processes. Specifically, it emerged as a cross-modal hub that

combined and integrated converging multisensory information
to comprehend and make sense of events, manipulate mental
representations, solve familiar problems and reorient attention

to relevant information (Seghier, 2013). Current findings sug-

gested that the inferior parietal lobule (IPL) may be a relatively
critical brain region for counter-empathy under conditions of

disadvantageous inequality to others. The IPL has been impli-
cated in social cognition and emotional control andmay comprise

‘hubs’ or ‘switches’ in emotional-conflict processing. The IPL pri-
oritizes negative rather than positive cues (Rohr et al., 2016); thus,

we inferred that when personal interests are involved, because

the IPL prioritizes processing negative information, seeing oth-
ers’ frowns (disadvantageous inequality distribution to others)

would make it easier to activate the IPL. Subsequently, par-
ticipants would consider that this unfavorable result for their
partner may benefit themselves, consequently generating posi-

tive emotions. Based on current research and previous results, we
speculated that counter-empathy had a more complex cognitive

process than that of empathy. When self-interest conflicted with
others’ interests and the distribution results were unfavorable
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Table 6. Activation peaks for AI distribution (winning 10 yuan) to others

MNI peak coordinates

Condition Brain regions Voxel size x y z Peak T

Counter-
empathy>empathy

Inferior frontal gyrus, triangular part (L) 225 −51 27 0 5.82
Middle temporal gyrus (L) 209 −63 −30 −6 5.60
Middle temporal gyrus (R) 252 54 −33 −3 5.49
Angular gyrus (L) 327 −60 −54 30 4.97
Angular gyrus (R) 190 60 −51 33 4.63
Medial superior frontal gyrus (L) 360 −9 24 69 5.97

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Table 7. Activation peaks for AI distribution (no loss) to partner

MNI peak coordinates

Condition Brain region Voxel size x y z Peak T

Empathy> counter-
empathy

Precentral gyrus (R) 441 39 −21 57 5.87

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Fig. 8. Brain activation for counter-empathy>empathy in the C_AI
distribution (winning 10 yuan) to the partner (P<0.001 at the voxel level,
P<0.05 FWE-corrected at the cluster level).

to others, the participants had stronger inner conflicts, indicat-
ing that the participants were concerned about their partner’s
economic losses.

Functional commonalities of activated brain
regions during counter-empathy for different
unfair distributions
Compared with empathy, although counter-empathy has differ-
ent brain regions specific to different distributions to others, the
functions of these brain regions are similar and aremostly related
to emotional regulation and cognitive processing [e.g. the MFG,
MTG, medial superior frontal gyrus (MESFG), right inferior frontal
gyrus, orbital part, AG and inferior frontal gyrus, triangular part].

The MFG is related to emotional reappraisal (Kim et al., 2013)
and attention reorienting (Japee et al., 2015), both of which are

emotional regulation strategies (Gross, 1998). Previous studies
have found that emotional reappraisal (compared with main-
taining one’s emotional response) produced greater activation in
the bilateral inferior/middle/superior frontal gyri and temporal
gyrus (Kim et al., 2013). The inferior frontal gyrus (IFG), superior
frontal gyrus and temporal gyrus were all significantly activated
here, showing that counter-empathy has more emotional regu-
lation than empathy has. The MESFG belongs to the medial pre-
frontal cortex and is activatedwhen participants attributemental
states to others (i.e. mentalizing or theory of mind; Gallagher
et al., 2000). Increased neural activity in the MESFG (the rostral
part of the supplementary motor area) is also related to atten-
tion shift (Nagahama et al., 1999). The AG has been implicated
in attention (Chambers et al., 2004) and emotional regulation
(Kohn et al., 2014). The results of these studies also suggest
that counter-empathy requires more cognitive processing than
empathy does.

We also considered that in the empathy task, participants
were simply observers in the flag-matching task; however, in
the counter-empathy task, they were active participants. This
may cause some confusion in the experimental results in that
counter-empathy had a more complex cognitive process than
empathy did. However, based on the brain activation and our
experimental design, it is unlikely that counter-empathy acti-
vated more complex brain regions than the empathy tasks did
because of the complexity of the counter-empathy tasks. First, if
the difference in brain activation between counter-empathy and
empathy was only due to the complexity of the counter-empathy
tasks, then under all corresponding conditions, counter-empathy
should activate similar andmore complex brain areas than empa-
thy should, especially when partners have the same facial expres-
sions. However, this was not the case. For example, although
both had disadvantageous inequality distributions to others (see-
ing the partner’s frown), the brain regions significantly activated
by counter-empathy minus empathy differed between the condi-
tions of correct pairing (i.e. no bonus) and incorrect pairing (i.e. a
confirmed money loss).
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Table 8. Brain activation for the DI distribution>AI distribution to partner during incorrect flag-matching

MNI peak coordinates

Condition Brain regions Voxel size x y z Peak T

Incorrect DI >AI
Inferior frontal gyrus, orbital part (L) 174 −15 3 −18 5.41
Fusiform gyrus (R) 206 15 −30 −6 6.47
Inferior occipital gyrus (L) 135 −30 −93 −6 5.18
Inferior occipital gyrus (R) 166 36 −87 −9 5.84
Thalamus (L) 76 −15 −24 0 5.36
Postcentral gyrus (L) 668 −45 −18 57 6.13

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Table 9. I_DI distribution>C_DI distribution to partner activation contrasts

MNI peak coordinate

Condition Brain regions Voxel size x y z Peak T

I_DI >C_DI
Middle temporal gyrus (R) 251 48 −12 −15 5.87
Middle temporal gyrus (L) 1058 −48 −54 9 6.13
Inferior frontal gyrus, orbital part (R) 280 51 30 −3 5.82
Parahippocampal gyrus (R) 1827 6 −15 0 7.36
Inferior occipital gyrus (L) 100 −39 −78 −9 4.58
Middle temporal gyrus (R) 503 63 −51 3 5.50
Medial superior frontal gyrus (R) 100 12 63 24 4.38
Middle cingulate gyrus (L) 94 −3 −12 42 4.76
Precuneus (R) 96 −9 −51 51 4.26
Supplementary motor area (R) 96 12 15 69 5.14

P<0.001 at the voxel level, P<0.05 FWE-corrected at the cluster level. MNI, Montreal Neurological Institute.

Fig. 9. Brain activation for empathy> counter-empathy in I_AI
distribution (no loss) to partner (P<0.001 at the voxel level, P<0.05
FWE-corrected at the cluster level).

Second, throughout the experiment, participants were asked
to experience others’ emotions as much as possible. This exper-
imental design improved participants’ attention to others’ facial
expressions and enhanced their internal motivation for concern
for the other. Moreover, at the end of each trial, participants
were asked to complete the subjective pleasure evaluation, which
further increased their motivation to carefully observe their part-
ners’ facial expressions. Therefore, even in the empathy task, par-
ticipants paid attention to the feelings of others, thus reducing the
possibility of their being more involved in the counter-empathy

Fig. 10. Brain activation in the DI distribution>AI distribution to others
during incorrect flag-matching (P<0.001 at the voxel level, P<0.05
FWE-corrected at the cluster level).

task. Additionally, there was a 1500–2500ms blank screen before
the facial expression to reduce the influence of key selection on
the previous screen.

Third, and most importantly, previous studies using facial
expressions to trigger empathy (Lamm et al., 2007; Schulte-Rüther
et al., 2008; de Greck et al., 2012a,b) and counter-empathy (Yamada
et al., 2011; Jie et al., 2019a,b) have yielded significant results,
which demonstrated the validity and feasibility of this research
paradigm. Ideally, it would be better to create a situation in which
participants are equally active (or passive) in the flag-matching
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Fig. 11. I_DI distribution>C_DI distribution to partner activation
contrasts (P<0.001 at the voxel level, P<0.05 FWE-corrected at the
cluster level).

task and manipulate whether participants are motivated to

empathize or counter-empathize with their partners. We expect

subsequent research to further improve this research paradigm.

Interestingly, counter-empathy more significantly activated

the bilateral orbital IFG than empathy did only when others lost

money after incorrect matching. However, for correct match-

ing, when participants gained money but their partner did

not, although it was a disadvantageous inequality to the part-

ner, no significant activation difference occurred in the orbital

IFG. The orbitofrontal cortex is thought to be important for

processing rewards (Mainen and Kepecs, 2009) and encodes

the current reward representation values accessible to predic-

tive cues (Rolls, 2000; Gottfried et al., 2003). These results

showed that when participants’ partners lost money but the

participants did not, the participants felt happy, thus activating

the orbitofrontal cortex. Furthermore, it showed that partici-
pants were happier when they did not lose money than they
were when they gained money. This is consistent with the the-
ory of loss aversion (Tversky and Kahneman, 1991). We then
wondered whether people were dissatisfied only with personal
money losses or were they also dissatisfied with others’ money
losses. Do people only care about their own interests or do
they also care about the others’ interests? We further compared
the brain activation during counter-empathy to the partners
under disadvantageous inequality and advantageous inequality
distributions.

We further analyzed the brain regions that were significantly
activated for others’ money loss compared with those when oth-
ers lost no money (no penalty for an incorrect match or no bonus
for a correct match). These brain areas had three main functions.
The first involved facial expression recognition and empathy and
included the fusiform gyrus (Kanwisher et al., 1997), inferior
occipital gyrus (Haxby et al., 2002), postcentral gyrus (Borich et al.,
2015), middle cingulate gyrus (Singer et al., 2004; Goubert et al.,
2005; Feng et al., 2016), MTG (Vuilleumier et al., 2003; Völlm
et al., 2006; Carrington and Bailey, 2009), precuneus (Seehausen
et al., 2014; Kandylaki et al., 2015) and parahippocampal gyrus
(Borich et al., 2015). The secondwas the orbital IFG, which involved
the schadenfreude in counter-empathy (Rolls, 2000; Breiter et al.,
2001; Gottfried et al., 2003; Li et al., 2015). The third involved
cognitive processing and emotional regulation and included the
parahippocampal gyrus (Borich et al., 2015), medial prefrontal cor-
tex (Buckner et al., 2008; Perry et al., 2012; Gao et al., 2018), middle
cingulate gyrus, supplementary motor area (Kohn et al., 2014)
and thalamus (Der Werf et al., 2001). This reflected the complex-
ity of brain activity during counter-empathy for others’ money
losses.

When their partners lost money, participants’ empathy-
associated brain regions were activated more significantly than
during other conditions, suggesting that individuals were strongly
aware that the other person’s frown was painful and generated
unpleasant emotions. Participants then considered their own

Fig. 12. Process model of counter-empathy. (A) Process model of counter-empathy without prejudice. (B) Process model of counter-empathy with
prejudice.
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interests and knew that thismeant a favorable outcome for them-
selves. Thus, the orbitofrontal cortex, a brain area associatedwith
reward, was activated more significantly than it was for other
conditions. In this case, when the partner lost money, partici-
pants had stronger inner emotional conflicts, which manifested
as stronger initial induced empathic responses and stronger sub-
sequent counter-empathy, thus more significantly activating the
brain areas related to emotional regulation. That is, partici-
pants were concerned not only with their own interests but also
with others’ interests and felt bitter about others’ losses, even
if it meant a good outcome for themselves, showing a tendency
toward ‘loss aversion’.

Counter-empathy processing model
Based on current and previous research findings, we proposed
that counter-empathy may have two processing paths (Figure
12). First, a path without prejudice against others consists of
the following. (i) Affective arousal occurs when emotional cues
automatically induce people’s empathic responses. (ii) Cogni-
tive evaluation and emotional regulation rely on the awareness
of self and others and occur when people distinguish between
self and others’ interests, produce cognitive empathy, pay atten-
tion to self-interest and cognitively reappraise their emotions.
This is the key stage in inducing counter-empathy. (iii) Self-
emotion generation occurs when people produce self-emotion
after cognitive evaluation. (iv) Emotional conflict occurs when
self-generated emotions conflict with those induced by others,
representing the complexity of counter-empathy. (v) Emotional
regulation occurs when people adopt emotional regulation strate-
gies to help generate a flexible and appropriate response. The sec-
ond path occurs when people are prejudiced against others. This
regulates the perception of emotional cues through top-down pro-
cessing and induces self-emotion (automatic counter-empathy)
and empathic responses toward others. This self-emotional state
weakens empathic responses. Finally, people adopt emotional
regulation strategies to help generate flexible and appropriate
responses. This model can reasonably explain the mechanisms of
counter-empathy and provide theoretical support for discussing
this psychological phenomenon.

Limitations and future directions
This study expands the previous research on neural mechanisms
of empathy and suggests a processing model of counter-empathy,
thus providing new insight into the relationship between empa-
thy and counter-empathy. However, the study had some limi-
tations. First, we only recruited younger people with physical
and mental health, but previous studies have shown that peo-
ple with high anxiety have a slowed disengagement of attention
to threatening stimuli (Fox et al., 2001; Yiend and Mathews,
2001). Another study found that state anxiety inhibited empathic
responses from the early emotional-sharing stage to the late
cognitive-evaluation stage (Luo et al., 2018b). Thus, individu-
als with high anxiety are more likely to immerse themselves
in negative emotions and have difficulty producing appropriate
counter-empathic responses at the right time. Additionally, per-
sonality traits can also affect counter-empathic responses. For
example, individuals’ levels of neuroticism were positively cor-
related with negative mental health and negatively correlated
with positive mental health (Tian et al., 2019). Such individuals
may be more prone to perceive negative information for the same

conditions. Future studies should expand the scope of research
participants.

Second, the current study focused on the neural mechanism
of state counter-empathy. A previous study using the Interper-
sonal Reactivity Index scale found that a callous/unemotional
(C/U) dimension was related to deficits in empathy, and C/U
traits were associated with an increased focus on the positive
aspects of aggression and a decreased focus on the negative
aspects of hostile acts (Pardini et al., 2003). Therefore, are some
people more prone to counter-empathy? If so, they may also
be more likely to have a sense of competition with others and
be prone to aggressive behaviors. Using a measurement tool for
trait counter-empathy could enable identifying people prone to
counter-empathy toward others. This would have theoretical and
practical significance. Future studies should develop a scale to
specifically measure counter-empathy.

Third, although participants were only required to pay atten-
tion to the partner’s facial expression, understand the other
person’s situation and experience the other person’s feelings, it
is still possible that complicated emotional and cognitive pro-
cesses, such as the motivation to receive the reward, may be
involved in the counter-empathic responses toward the partner.
However, it is difficult to disentangle such amotivational process-
ing in counter-empathic responses as well as in empathic ones.
In real-life situations, empathic and counter-empathic responses
are both always accomplished with motivation. Thus, a situation
that involves no motivation is difficult to achieve. Nevertheless,
we expect that researchers can further improve our paradigm to
control extraneous variables.
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