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Objective: Empathy is negatively correlated with high levels of conflict behaviors, such as aggression. The purpose of this study was
to examine whether there were still differences in the performance of high and low empathy ability under the general level of conflict.
Methods: The Chinese version of the Interpersonal Reactivity Index (IRI-C) was distributed to 250 undergraduate students. The
subjects were classified as the high-empathy group (n = 38) and the low-empathy group (n = 37). An improved ultimatum paradigm
was used to create a relatively realistic general-intensity conflict situation. A total of 29 undergraduate students (15 in the low-empathy
group) were subjected to conflicting or non-conflicting proposals. Event-related potential technology was used to record the EEG of
the high- and low-empathy groups during the processing of different proposal types.

Results: The high-empathy group had longer response times and lower rejection rates under different proposal types compared to the
low-empathy group. The low-empathy group evoked more negative MFN amplitude under conflicting proposals than under non-
conflicting proposals, while the difference was not significant in the high-empathy group. The low-empathy group induced greater LPP
under non-conflicting proposals than under conflicting proposals, while the difference was not significant in the high-empathy group.
Conclusion: High-empathy individuals showed more altruistic behaviors, and fewer conflict tendencies compared to low-empathy
individuals. Low-empathy individuals had greater negative evaluations of conflicting offers, while high-empathy individuals weakened
their negative evaluations of conflicting proposals because of their relatively high empathy. Compared to high-empathy individuals,
low-empathy individuals showed stronger motivation to converge on non-conflicting proposals.

Keywords: empathy, conflict of interest, altruism, MFN, LPP

Introduction
Conflict is a common interactive behavior in a human social activity that arises from disagreements between the target
interests of both parties. Conflict behaviors exist at different levels of intensity,' ranging from minor disagreements to
physical violence. Empathy is the ability to put oneself in another person’s shoes, understand their thoughts and feelings,
and accurately infer what they are thinking and feeling.>* It is often considered to be the primary motivation for prosocial
behavior.* Previous research has suggested that deficits in empathic capacity are a central feature of violent behavior.>®
Empathic ability was significantly and negatively correlated with aggression, with higher levels of empathy associated
with less aggression.” > Empathy can somewhat inhibit aggression in healthy individuals after provocation.'®
Compared to high conflict levels of aggression, moderate or low levels of conflict of interest are more common in
everyday life. Therefore, it is necessary to explore the decision-making performance and neurophysiological mechanisms
of people with different empathic abilities under general conflict-of-interest conditions. When it comes to conflicts of
interest between themselves and others, it is often the case that people with higher empathic abilities are more likely to
exhibit altruistic behaviors that fulfill others at the expense of their interests.'''* Previous ERP studies have found that
conflict-of-interest processing is associated with medial frontal negative (MFN) waves, with MFN sources localized in
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the anterior cingulate gyrus,'> and that unfavorable outcomes evoke more negative MFN wave amplitudes than favorable
ones and reach a maximum within 200 to 300 ms after the onset of the feedback stimulus (Boksem & De Cremer, 2010;
Hauser et al, 2014; Paul & Pourtois, 2017).'®'® More negative MFN wave amplitudes respond to unfair cognitive

evaluations of social allocation and strong motivational influences of the current stimulus,'**

and MFN source analysis
identified a brain region associated with the theory of mind processing, the left superior temporal gyrus, suggesting that
gaming processes. ' The late positive potential (LPP), an important component of event-related potentials (ERPs),
appears approximately 300 ms after stimulus presentation and is a neurophysiological indicator for studying emotional
responses.”> The LPP reflects the arousal of the stimulus to the subject, and positive stimuli with higher motivational
intensity induce greater LPP amplitude.”® Similarly, stronger avoidance motivation for negative stimuli also induces
greater LPP amplitude.>* In the gaming process, speculation about others’ intentions instead weakens the differences in
LPP evoked by different stimulus types.*

In the dictator game subjects are asked to distribute a given amount of money with another player, with the subject
acting as the distributor and the other player only accepting unconditionally.”® In this task, it was found that subjects’
affective empathy predicted altruistic sharing.'®?” However, in the dictator game subjects act as monetary allocators and
hold absolute allocative power, and it is unclear whether the empathic ability of individuals as allocated subjects still
predicts altruistic behavior when dominance is not in their hands, especially when unfair allocation occurs.

In summary, the present study applied ERP techniques to explore the decision processing of high and low empathic
ability individuals under conflicting and non-conflicting offers created by the ultimatum paradigm,?® during which EEG
signals were recorded from both groups of subjects. Based on the evidence provided in the available literature, the
present study proposed the following hypotheses for the experimental results: (1) the low empathic group evoked greater
MFN wave amplitude under conflicting offers than under non-conflicting offers, while the difference was not significant
in the high empathic group; (2) the low empathic group evoked greater LPP wave amplitude under non-conflicting offers
than under conflicting offers, while the difference was not significant in the high empathic group.

Methods
Participants

The Chinese version of the Interpersonal Reactivity Index (IRI-C) was created by a Taiwanese scholar, based on the
original English version of the Interpersonal Reactivity Index.*’ IRI-C questionnaires were distributed to 250 under-
graduate students from non-psychology and non-economics majors, and 238 valid answers to the questionnaires were
collected.

The empathy scores of the valid questionnaires were ranked from low to high, and the mean empathy score of the
subjects was 52.87 with a standard deviation of 14.45. The subjects who scored one standard deviation above the mean
score (>68) were classified as the high-empathy group (n=38), and those who scored one standard deviation below the
mean score (<38) were classified as the low-empathy group (n=37). A total of 29 subjects volunteered to participate in
the ERP experiment, 15 in the low-empathy group (female=6, M,,=20.13, SD,4,=1.30) and 14 in the high-empathy
group (female=9, M, =20.21, SD,,.=1.12). All subjects signed the informed consent, and this study was approved by the
Ethics Committee of Tianjin Normal University.

Experimental Materials

Referring to a previous study,?' a variation of the ultimatum paradigm was used, two individuals participating in an
experimental task were asked to divideY100. Numerous studies have shown that when respondents receive only about
20% of the total amount of money, they perceive it as a relatively unfair proposal and act in a rejection manner.*”
Therefore, this study created 20 relatively unfair proposals as conflicting proposals varying fromY 1-20 and 20 relatively
fair proposals as non-conflicting proposals varying fromY31-50. In order to create contextual realism, this study also
included 10 relatively intermediate proposals (Y21-30). Since previous research has shown that different individuals have
different perceptions of the fairness of the distribution between¥21-30,*! the 10 relatively intermediate proposals were
not included in the subsequent data analysis. In this experiment, seven doctoral and master students in psychology were
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asked to rate the experimental material by answering a self-administered conflict intensity questionnaire after completing
the ultimatum experimental task to ensure the validity of the conflict situation creation, which included the question
“When the other person makes an offer to give you less money and leave you more money, how much conflict do you
feel with the other person? ” The Likert 5 scale was used, ranging from “not at all” to “very strong” on a scale of 1 to 5.
Analysis of the scores of the seven psychology professionals on the questionnaire showed that M=3.43>3, SD=0.53,
indicating that the experimental material was effective as a conflict-creating material.

Experimental Design

A mixed design of 2 (empathy: high-empathy vs Low-empathy) x 2 (proposal type: conflicting vs non-conflicting) was
used in this study, with empathy as a between-subject variable and proposal type as a within-subject variable. Subjects’
reaction time, rejection rate and subjects’ EEG components during the response phase were used as dependent variables.

Experimental Procedure
In order to make the subjects think that this is a real interactive situation, the subjects were informed upon entering the
laboratory that they would be working with another partner to complete an interactive game of money distribution, and
that there would be a real money reward at the end of the game. In fact, the proposer of the money distribution was the
experimental assistant, and to eliminate gender differences, the experimental assistants were matched according to the
subject’s gender. During the experiment, the subjects only acted as respondents to the money allocation proposal and
were informed that they and the proposer would play the game in two separate labs via networked computers. Then,
a “+” sign appeared on the computer screen (500 ms), and a 500 ms blank screen was followed by a money proposal
(1500 ms), with the top amount representing the amount of money to be distributed to the subject and the bottom amount
representing the amount of money left by the opponent, and the subject’s task was to choose to accept or reject the offer
and to make keystroke response. If accepted, the subject receives the amount of money on the proposal, and if rejected,
both parties have no gain in this round, and the subject’s choice will affect the final bonus amount (see Figure 1).
Before the formal experiment, subjects were told to sit in a comfortable position, keep their head, face, and body
posture as still as possible, focus their attention on the task and lightly place the index fingers of each hand on the keys.
The whole task was divided into 2 blocks, each block containing 100 trials, ie 50 different penny proposals each repeated
2 times. After completing each block, there was an appropriate rest period, which was controlled by the subjects. The
SCAN software automatically recorded the EEG of the subjects during the formal experiment, and the main subjects
observed and recorded the subjects during the experiment. The whole experiment lasted about 15 minutes. At the end of
the EEG experiment, a self-administered conflict intensity questionnaire was given to the subjects to rate the intensity of
the conflict triggered by this experimental paradigm.

The current results
Yy 0
Yy 0

1000ms

Figure | Flowchart of a single round of the experiment.
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ERP Recording

An EEG acquisition and analysis system with SynAmps2 amplifiers from Compumedics NeuroScan (Melbourne, VA,
Australia) was used to record EEG signals with Quik-Cap electrode caps, which have a 64-lead Ag/AgCl electrode
expanded by the international 10-20 system. The left mastoid (M1) was used as the reference electrode during the
experiment, whereas for offline analysis, the average of the bilateral mastoid was used as a reference. With the forehead
grounded, left and right lateral orbital horizontal electrooculogram and left-eye vertical electrooculogram were recorded
simultaneously. The AC sampling rate was 1000 Hz, the filtered bandpass was 0.05—-100 Hz, and the scalp resistance and
interelectrode impedance were below 5 kQ.

Scan4.5 software was used to analyze the data offline, and EEG data from —100 to 800 ms were selected, with the first
100 ms of stimulus appearance as the baseline. Artifacts caused by blinking, large eye movements, and body shaking
were excluded, and the filtered bandpass was 0.05-30Hz to exclude other artifact signals with wave amplitudes greater

than £100 pV. Ocular artifacts were corrected using a regression procedure implemented in the Neuroscan software.*

Concerning previous studies®® > and observations of the data, 220-350 ms and 500-800 ms were selected as the time
windows for analysis, and F3, Fz, F4, FC3, FCz, FC4, C3, Cz, C4, CP3, CPz, CP4 as the analysis electrodes, with the
wave amplitude within each time window as the dependent variable, and a 2 (empathy: high-empathy/low-empathy) x 2
(proposal types: conflicting/non-conflicting) x 12 (electrodes) repeated measures ANOVA, using the Greenhouse-
Geisser to correct the results of ANOVA. Behavioral data such as subject response time and rejection rate were collected
using E-prime 2.0. During the experiment, four subjects who showed substantial body or head shaking resulting in
prolonged artifacts were excluded; two subjects were excluded because the effective trial number after artifact removal

did not reach 70%. Finally, data from 23 subjects (13 in the low-empathy group) were entered into statistical analysis.

Results

Results of Questionnaires
Statistical analysis of the IRI-C questionnaire revealed that the high-empathy group scored significantly higher (75.87
+3.30) than the low-empathy group (27.84+5.91) in terms of total empathy score, t=43.59, p<0.01. Specifically, the high-
empathy group (18.42+0.95) scored significantly higher than the low-empathy group (6.65+2.06) in terms of perspective
taking (PT) score, =31.96, p<0.001, indicating that the high-empathy group was higher than the low-empathy group in
their propensity or ability to adopt the views of others. Fantasy Scale(FS) scores were greater in the high-empathy group
(21.11+1.43) than in the low-empathy group (9.46+3.15), r=20.71, p<0.001, indicating that the high-empathy group had
a greater tendency to transform or identify with fictitious roles. On the Empathic Concern (EC) score, the high-empathy
group scored higher (22.24+1.40) than the low-empathy group (7.05+2.82), =29.65, p<0.001, indicating that the high-
empathy group had a stronger tendency to feel the warmth and concern of others under negative experiences. The
difference between the two groups in the dimension of Personal Distress (PD) was not significant (See Table 1).
Statistical analysis of the scores of the 23 subjects on the self-administered conflict intensity questionnaire (5-point
scale) showed that the subjects in the low-empathy group had M=3.23 > 3, SD=0.73, and the subjects in the high-empathy
group had M=3.20>3, SD=0.63, and the difference between the two groups was not significant, #21)= 0.11, p > 0.05,
indicating that the experimental material caused the subjects to effectively perceive a certain intensity of the conflict.

Table | Comparison of Empathy Scores of High- and Low-Empathy Groups (M+SD)

High-Empathy (n=38) | Low-Empathy (n=37) t
Total score 75.87 £ 3.30 27.84 £ 591 43.59%+*
PT 18.42 + 0.95 6.65 = 2.06 31.96%+*
FS 2011 £ 1.43 9.46 * 3.15 20.7 |
EC 2224 £ 1.40 7.05 282 29.65%F*
PD 14.11 231 4.83 +2.02 18.50

Note: **p < 0.0, **p < 0.001.
Abbreviations: PT, perspective taking; FS, fantasy; EC, empathy concern; PD, personal distress.
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Behavioral Outcomes

A 2 (empathy: high-empathy/low-empathy) x 2 (proposal types: conflicting/non-conflicting) repeated measures ANOVA
was used to compare the reaction times and rejection rates of subjects in the high- and low-empathy groups in different
conflict situations, and the results are shown in Table 2.

From the statistical analysis, it can be seen that there was a significant difference in response time between individuals with
different empathy abilities for different types of conflicting offers, F(1,21) =5.76, p <0.05, with the response time of the high-
empathy group being longer than that of the low-empathy group; the main effect of offer type was borderline significant, F(1,
21) = 3.93, p= 0.06, response time under non-conflicting proposals is slightly longer than that under conflicting offers; the
interaction between the group and proposal types was not significant, F(1, 21) = 0.001, p > 0.05. The rejection rate differed
significantly between individuals with different empathy abilities, (1, 21)=18.19, p<0.001, with the low-empathy group
having a greater rejection rate than the high-empathy group; the main effect of proposal types was significant, F(1, 21)
=165.07, p<0.001, and the rejection rate of conflicting proposal was higher than that of non-conflicting proposal; the
interaction between the group and proposal type was not significant, (1, 21)=1.27, p > 0.05.

EEG Results

The time window of 220-350 ms was chosen for the analysis with the intention of analyzing MFN evoked by different
proposal types in the ultimatum task. There was a significant negative deflection in wave amplitude between 220-350ms
for both the high- and low-empathy groups. A three-factor (empathy, proposal types, electrode points) repeated measures
ANOVA on MFN revealed a significant main effect of offer type on MFN wave amplitude, F (1, 21) = 4.83, p < 0.05,
and MFN wave amplitude under conflicting proposal (M=1.30uV, SD=4.06) than under non-conflicting proposal
(M=2.34uV, SD=3.84) was more negative, with a significant main effect of electrodes, F (11, 231) = 2.83, p = 0.06,
and a more negative MFN amplitude in the frontal area than in the central area; the interaction between other variables
and variables was not significant (p > 0.05). A further repeated measures ANOVA of 2 (proposal types) x 12 (electrodes)
was conducted separately for the mean wave amplitude at 220-350 ms for individuals with different empathy abilities,
and the results revealed a borderline significant main effect of proposal types for the low-empathy group, F(1, 12)=3.24,
p=0.09, with conflicting proposals inducing more negative MFN than non-conflicting proposals; the main effect of
proposal type for the high-empathy group was not significant, F (1, 9) =1.79, p>0.05 (See Figure 2).

A repeated measures ANOVA was conducted on the LPP components evoked by the subjects during the task response
phase by selecting 500—800 ms as the time window for analysis. The results showed a significant main effect of proposal
types, F (1, 21) =9.54, p < 0.01, greater LPP was induced under non-conflicting proposals (M=5.75 uV, SD=4.67) than
under conflicting proposals (M=4.25 pV, SD=4.44), a significant main effect of electrode, F(11, 231)=8.12, p<0.001, and
central LPP amplitude of electrodes increased sequentially from the frontal to the central region; significant interaction of
proposal type with electrodes, F (11, 231) =4.19, p<0.01, and significant differences in wave amplitude between proposal
types in the frontal and central regions within this window (F3, Fz, F4, FC4, Cz, C4, CP3, CPz) (ps < 0.05), the main
effect of empathy groups was not significant, F(1, 21)=0.03, p > 0.05; the interaction of groups, proposal types and
electrode was significant, F(11, 231)=3.23, p < 0.5. Further analysis revealed that, in low-empathy group, the difference
between different proposal types was widely distributed in frontal and central regions (Fz, F4, FCz, FC4, C3, Cz, C4,
CP3, CPz) (ps < 0.05), and in the high-empathy group, the differences between proposal types were mainly distributed in
F3, Fz, F4 (ps < 0.05) (see Figure 3).

Table 2 Reaction Time and Rejection Rate of Subjects in High- and
Low-Empathy Groups in Different Conditions (M£SD)

Groups Proposal Type | RT (ms) | Rejection Rate (%)
Low-empathy | Non-conflicting | 575+86.39 46.25+16.00
Conflicting 538+81.00 91.63+30.00
High-empathy | Non-conflicting | 636+75.66 14.75+13.69
Conflicting 598+60.76 68.88+19.06
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Figure 3 Total mean ERP waveforms of high- and low-empathy groups under different conditions.

Discussion
The current study used a high temporal resolution ERP technique to explore the differences in decision-making between

high and low empathic ability individuals under different conflict of interest conditions. It was found that individuals with
high empathic ability would show more altruistic behaviors of sacrificing themselves for others and exhibit fewer conflict
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tendencies than individuals with low empathic ability. The amplitude of MFN evoked under conflicting proposals was
greater than under non-conflicting proposals, in line with previous findings.'®*' MFN reflects motivational evaluations of
negative outcomes.'>'® In addition to reflecting on whether the outcome meets expectations, MFN also appears in the
cognitive process of evaluating contextual information that is contrary to social norms of morality (eg, an unfair money-
sharing proposal).'®?' Conflicting proposals can induce stronger negative emotions and decisional conflicts relative to
non-conflicting proposals.’® The present study found that the low-empathy group induced more negative MFN waves
with conflicting proposals than with non-conflicting proposals, whereas the difference was not significant in the high-
empathy group. Conflicting proposals indicate that the other person receives more than 80% of the benefit while he or she
receives less than 20%, this condition often triggered subjects to think that they were being treated unfairly, interpreting

others’ gains as their own losses,”’~®

and then expressed their dissatisfaction by refusing the proposal to punish them for
their selfish behavior. The low-empathy group induced greater MFN in response to conflicting proposals, suggesting that
low-empathy individuals treated divergent interests with greater negative evaluations, whereas high-empathy individuals
did not show similar differences under the two proposal types, potentially indicating a buffering function of empathy.
ERP studies have found that empathic ability is positively related to prosocial behavior.>® Thus, high-empathy indivi-
duals have relatively weaker negative evaluations of conflicting proposals. The behavioral data from the present study
found that subjects in both groups had higher rejection rates for conflicting proposals than for non-conflicting proposals,
suggesting that people were generally motivated to punish violations of cooperative behavior. Previous research found
that this motivation activated reward-related brain regions,* suggesting that people are able to derive satisfaction from
such altruistic punishment.

In addition, the present study found that non-conflicting proposals induced greater LPP than conflicting proposals; in
the low-empathy group, non-conflicting proposals induced greater LPP than conflicting proposals, whereas, in the high-
empathy group, the difference in proposal type was not significant. LPP was related to the arousal of the stimulus, and the
more the stimulus was able to stimulate the motivational nature of the subject, the greater the LPP it induced.*' During
social interactions, people usually show a tendency to avoid harm and a preference for fairness, and non-conflicting
proposals are consistent to maximize self-interest, whereas conflicting proposals are the opposite, so this result suggests
that the low-empathy group shows a stronger motivation to converge on non-conflicting proposals. In contrast, although
the LPP induced by individuals with high empathy was greater with non-conflicting proposals than with conflicting
proposals, it did not reach a significant level, suggesting that it is possible that high empathy weakened the motivation to
converge on non-conflicting proposals or increased the motivation to avoid conflicting proposals, which needs to be
further verified in future experiments.

This research used ERP techniques to focus on exploring the differences in performance and neural activity of
individuals with different empathic abilities in different conflict types of situations, further enriching the relevant research
and neurophysiological evidence in the field of empathy and conflict of interest.

But there also have several shortcomings: first, the number of subjects was small and previous studies have shown
differences in empathy between males and females.**** Therefore, future studies need to further expand the sample size
and include gender as one of the independent variables to explore more closely whether gender plays a moderating role.
Second, the present study did not directly manipulate empathy and thus could not obtain a causal relationship between
empathy and conflict-of-interest processing, based on the empathy-altruism hypothesis that people have strong empathy

for people in need and in distress,* so future studies can directly examine empathy by creating different situations>*> t

0
elicit different levels of empathy from subjects the causal relationship between empathy and conflict-of-interest proces-
sing. Third, in daily life, people usually face conflicts of interest in more complex social contexts, and their own
emotional state in the moment, the attitudes of others, and the degree of closeness of the other person to themselves all

38,46

influence the final decision, so these factors will be factors to be considered in future research.

Conclusion

High-empathy individuals showed more altruistic behaviors and fewer conflict tendencies compared to low-empathy
individuals. Low-empathy individuals had greater negative evaluations of conflicting offers, while high-empathy
individuals weakened their negative evaluations of conflicting proposals because of their relatively high empathy.
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Compared to high-empathy individuals, low-empathy individuals showed stronger motivation to converge on non-
conflicting proposals.

Data Sharing Statement

The data will be available from the corresponding author upon reasonable request.

Ethical Approval
The study is in accordance with the Declaration of Helsinki, and this research was approved by the Ethics Committee of
Tianjin Normal University.

Funding
This research was supported by Tianjin Education Science Planning Project (EIE210301) and Tianjin Postgraduate
Research Innovation Project (grant number: 2021YJSB306).

Disclosure
The authors report no conflicts of interest in this study.

References

. Robbins SP. Essentials of Organizational Behavior. NJ: Prentice Hall; 2000.
2. Keum S, Shin H-S. Rodent models for studying empathy. Neurobiol Learn Mem. 2016;135:22-26. doi:10.1016/j.nlm.2016.07.022
3. Coll M-P, Viding E, Riitgen M, et al. Are we really measuring empathy? Proposal for a new measurement framework. Neurosci Biobehav Rev.
2017;83:132-139. doi:10.1016/j.neubiorev.2017.10.009
4. Decety J, Bartal IB-A, Uzefovsky F, Knafo-Noam A. Empathy as a driver of prosocial behaviour: highly conserved neurobehavioural mechanisms
across species. Philos Trans R Soc Lond B Biol Sci. 2016;371(1686):20150077. doi:10.1098/rstb.2015.0077
5. Mayer SV, Jusyte A, Klimecki-Lenz OM, Schénenberg M. Empathy and altruistic behavior in antisocial violent offenders with psychopathic traits.
Psychiatry Res. 2018;269:625—632. doi:10.1016/j.psychres.2018.08.035
6. Jolliffe D, Farrington DP. Examining the relationship between low empathy and self-reported offending. Legal Criminol Psych. 2007;12
(2):265-286. doi:10.1348/135532506X 147413
7. Miller PA, Eisenberg N. The relation of empathy to aggressive and externalizing/antisocial behavior. Psychol Bull. 1988;103(3):324-344.
doi:10.1037/0033-2909.103.3.324
. Shechtman Z. Cognitive and affective empathy in aggressive boys: implications for counseling. /nt J Adv Couns. 2002;24(4):211-222. doi:10.1023/
A:1023316712331
9. Jolliffe D, Farrington DP. Examining the relationship between low empathy and bullying. Aggressive Beha. 2006;32(6):540-550. doi:10.1002/
ab.20154
10. Klimecki OM, Mayer SV, Jusyte A, Scheeff J, Schonenberg M. Empathy promotes altruistic behavior in economic interactions. Sci Rep.
2016;6:31961. doi:10.1038/srep31961
11. Eisenberg N, Miller PA. The relation of empathy to prosocial and related behaviors. Psychol Bull. 1987;101(1):91-119. doi:10.1037/0033-
2909.101.1.91
12. Rilling JK, Sanfey AG. The neuroscience of social decision-making. Annu Rev Psychol. 2011;62:23-48. doi:10.1146/annurev.psych.121208.131647
13. Galang CM, Obhi SS. Automatic imitation does not predict levels of prosocial behaviour in a modified dictator game. Acta Psychol.
2020;204:103022. doi:10.1016/j.actpsy.2020.103022
14. Thielmann I, Spadaro G, Balliet D. Personality and prosocial behavior: a theoretical framework and meta-analysis. Psychol Bull. 2020;146
(1):30-90. doi:10.1037/bul0000217
15. Gehring WJ, Willoughby AR. The medial frontal cortex and the rapid processing of monetary gains and losses. Science. 2002;295
(5563):2279-2282. doi:10.1126/science.1066893
16. Boksem MA, De Cremer D. Fairness concerns predict medial frontal negativity amplitude in ultimatum bargaining. Soc Neurosci. 2010;5
(1):118-128. doi:10.1080/17470910903202666
17. Hauser TU, lannaccone R, Stdmpfli P, et al. The feedback-related negativity (FRN) revisited: new insights into the localization, meaning and
network organization. Neuroimage. 2014;84:159-168. doi:10.1016/j.neuroimage.2013.08.028
18. Paul K, Pourtois G. Mood congruent tuning of reward expectation in positive mood: evidence from FRN and theta modulations. Soc Cogn Affect
Neurosci. 2017;12(5):765-774. doi:10.1093/scan/nsx010
19. Masaki H, Takeuchi S, Gehring WJ, Takasawa N, Yamazaki K. Affective-motivational influences on feedback-related ERPs in a gambling task.
Brain Res. 2006;1105(1):110-121. doi:10.1016/j.brainres.2006.01.022
20. Luo Y, Feng C, Wu T, et al. Social comparison manifests in event-related potentials. Sci Rep. 2015;5:12127. doi:10.1038/srep12127
21. Polezzi D, Daum I, Rubaltelli E, et al. Mentalizing in economic decision-making. Behav Brain Res. 2008;190(2):218-223. doi:10.1016/].
bbr.2008.03.003
22.Ito TA, Larsen JT, Smith NK, Cacioppo JT. Negative information weighs more heavily on the brain: the negativity bias in evaluative
categorizations. J Pers Soc Psychol. 1988;75(4):887-900. doi:10.1037/0022-3514.75.4.887

—_

oo

2986 hetps: Psychology Research and Behavior Management 2022:15

Dove!


https://doi.org/10.1016/j.nlm.2016.07.022
https://doi.org/10.1016/j.neubiorev.2017.10.009
https://doi.org/10.1098/rstb.2015.0077
https://doi.org/10.1016/j.psychres.2018.08.035
https://doi.org/10.1348/135532506X147413
https://doi.org/10.1037/0033-2909.103.3.324
https://doi.org/10.1023/A:1023316712331
https://doi.org/10.1023/A:1023316712331
https://doi.org/10.1002/ab.20154
https://doi.org/10.1002/ab.20154
https://doi.org/10.1038/srep31961
https://doi.org/10.1037/0033-2909.101.1.91
https://doi.org/10.1037/0033-2909.101.1.91
https://doi.org/10.1146/annurev.psych.121208.131647
https://doi.org/10.1016/j.actpsy.2020.103022
https://doi.org/10.1037/bul0000217
https://doi.org/10.1126/science.1066893
https://doi.org/10.1080/17470910903202666
https://doi.org/10.1016/j.neuroimage.2013.08.028
https://doi.org/10.1093/scan/nsx010
https://doi.org/10.1016/j.brainres.2006.01.022
https://doi.org/10.1038/srep12127
https://doi.org/10.1016/j.bbr.2008.03.003
https://doi.org/10.1016/j.bbr.2008.03.003
https://doi.org/10.1037/0022-3514.75.4.887
https://www.dovepress.com
https://www.dovepress.com

Dove Zhang and Sun

23.

24.

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Gable PA, Harmon-Jones E. Does arousal per se account for the influence of appetitive stimuli on attentional scope and the late positive potential?
Psychophysiology. 2013;50(4):344-350. doi:10.1111/psyp.12023

Michalowski JM, Melzig CA, Weike Al, Stockburger J, Schupp HT, Hamm AO. Brain dynamics in spider-phobic individuals exposed to
phobia-relevant and other emotional stimuli. Emotion. 2009;9(3):306-315. do0i:10.1037/a0015550

Wu Y, Zhou X. The context-dependency of fairness processing: evidence from ERP study. Acta Psychol Sinic. 2012;44(6):797-806. doi:10.3724/
SP.J.1041.2012.00797

Kahneman D, Knetsch JL, Thaler RH. Fairness and the assumptions of economics. J Busin. 1986;59:285-300. doi:10.1086/296367

Edele A, Dziobek I, Keller M. Explaining altruistic sharing in the dictator game: the role of affective empathy, cognitive empathy, and justice
sensitivity. Learn Individ Diff. 2013;24:96-102. doi:10.1016/j.1indif.2012.12.020

Giith W, Schmittberger R, Schwarze B. An experimental analysis of ultimatum bargaining. J Econ Behav Organ. 1982;3(4):367-388. doi:10.1016/
0167-2681(82)90011-7

Davis MH. A multidimensional approach to individual differences in empathy. JSAS Cat Sel Doc Psychol. 1980;10:85-104.

Camerer C. Behavioral Game Theory: Experiments in Strategic Interaction. Princeton University Press; 2003:46—117.

Wang Y, Wang Y, Lin C, Chen X, Yuan B, Shen D. Modulation of conscientiousness on medial frontal negativity in negative emotions: an ERP
study on ultimatum game. Sci Sini Vitae. 2011;41(4):320-331. doi:10.1360/052010-647

Semlitsch HV, Anderer P, Schuster P, Presslich O. A solution for reliable and valid reduction of ocular artifacts, applied to the P300 ERP.
Psychophysiology. 1986;23(6):695-703. doi:10.1111/j.1469-8986.1986.tb00696.x

Bruin KJ, Wijers AA. Inhibition, response mode, and stimulus probability: a comparative event-related potential study. Clin Neurophysiol.
2002;113(7):1172-1182. doi:10.1016/S1388-2457(02)00141-4

Kramer UM, Biittner S, Roth G, Miinte TF. Trait aggressiveness modulates neurophysiological correlates of laboratory-induced reactive aggression
in humans. J Cogn Neurosci. 2008;20(8):1464—1477. doi:10.1162/jocn.2008.20103

Lotze M, Veit R, Anders S, Birbaumer N. Evidence for a different role of the ventral and dorsal medial prefrontal cortex for social reactive
aggression: an interactive fMRI study. Neuroimage. 2007;34(1):470-478. doi:10.1016/j.neuroimage.2006.09.028

Zhou X, Wu Y. Sharing losses and sharing gains: increased demand for fairness under adversity. J Exp Soc Psychol. 2011;47(3):582-588.
doi:10.1016/j.jesp.2010.12.017

Marco-Pallares J, Kraimer UM, Strehl S, Schroder A, Miinte TF. When decisions of others matter to me: an electrophysiological analysis. BMC
Neurosci. 2010;11:86. doi:10.1186/1471-2202-11-86

Liu X, Hu X, Shi K, Mai X. Empathy modulates the evaluation processing of altruistic outcomes. Front Psychol. 2018;9:407. doi:10.3389/
fpsyg.2018.00407

Balconi M, Canavesio Y. Prosocial attitudes and empathic behavior in emotional positive versus negative situations: brain response (ERPs) and
source localization (LORETA) analysis. Cogn Process. 2013;14(1):63-72. doi:10.1007/s10339-012-0525-1

de Quervain DJ-F, Fischbacher U, Treyer V, et al. The neural basis of altruistic punishment. Science. 2004;305(5688):1254—1258. doi:10.1126/
science.1100735

Schupp HT, Cuthbert BN, Bradley MM, Cacioppo JT, Ito T, Lang PJ. Affective picture processing: the late positive potential is modulated by
motivational relevance. Psychophysiology. 2000;37(2):257-261. doi:10.1111/1469-8986.3720257

Christov-Moore L, Simpson EA, Coudé G, Grigaityte K, Iacoboni M, Ferrari PF. Empathy: gender effects in brain and behavior. Neurosci Biobehav
Rev. 2014;46:604—627. doi:10.1016/j.neubiorev.2014.09.001

Gardner MR, Sorhus I, Edmonds CJ, Potts R. Sex differences in components of imagined perspective transformation. Acta Psychol. 2012;140
(1):1-6. doi:10.1016/j.actpsy.2012.02.002

Batson CD, Ahmad N. Empathy-induced altruism in a prisoner’s dilemma II: what if the target of empathy has defected? Eur J Soc Psychol.
2001;31:25-36. doi:10.1002/ejsp.26

Pfattheicher S, Nockur L, Bohm R, Sassenrath C, Petersen MB. The emotional path to action: empathy promotes physical distancing and wearing
of face masks during the COVID-19 pandemic. Psychol Sci. 2020;31(11):1363-1373. doi:10.1177/0956797620964422

Leong LEM, Cano A, Wurm LH, Lumley MA, Corley AM. A perspective-taking manipulation leads to greater empathy and less pain during the
cold pressor task. J Pain. 2015;16(11):1176-1185. doi:10.1016/j.jpain.2015.08.006

Psychology Research and Behavior Management Dove

Publish your work in this journal

Psychology Research and Behavior Management is an international, peer-reviewed, open access journal focusing on the science of psychology and
its application in behavior management to develop improved outcomes in the clinical, educational, sports and business arenas. Specific topics
covered in the journal include: Neuroscience, memory and decision making; Behavior modification and management; Clinical applications; Business
and sports performance management; Social and developmental studies; Animal studies. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/psychology-research-and-behavior-management-journal

Psychology Research and Behavior Management 2022:15 n ) in u Dove 2987


https://doi.org/10.1111/psyp.12023
https://doi.org/10.1037/a0015550
https://doi.org/10.3724/SP.J.1041.2012.00797
https://doi.org/10.3724/SP.J.1041.2012.00797
https://doi.org/10.1086/296367
https://doi.org/10.1016/j.lindif.2012.12.020
https://doi.org/10.1016/0167-2681(82)90011-7
https://doi.org/10.1016/0167-2681(82)90011-7
https://doi.org/10.1360/052010-647
https://doi.org/10.1111/j.1469-8986.1986.tb00696.x
https://doi.org/10.1016/S1388-2457(02)00141-4
https://doi.org/10.1162/jocn.2008.20103
https://doi.org/10.1016/j.neuroimage.2006.09.028
https://doi.org/10.1016/j.jesp.2010.12.017
https://doi.org/10.1186/1471-2202-11-86
https://doi.org/10.3389/fpsyg.2018.00407
https://doi.org/10.3389/fpsyg.2018.00407
https://doi.org/10.1007/s10339-012-0525-1
https://doi.org/10.1126/science.1100735
https://doi.org/10.1126/science.1100735
https://doi.org/10.1111/1469-8986.3720257
https://doi.org/10.1016/j.neubiorev.2014.09.001
https://doi.org/10.1016/j.actpsy.2012.02.002
https://doi.org/10.1002/ejsp.26
https://doi.org/10.1177/0956797620964422
https://doi.org/10.1016/j.jpain.2015.08.006
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Participants
	Experimental Materials
	Experimental Design
	Experimental Procedure
	ERP Recording

	Results
	Results of Questionnaires
	Behavioral Outcomes
	EEG Results

	Discussion
	Conclusion
	Data Sharing Statement
	Ethical Approval
	Funding
	Disclosure

