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Advantageous  status  modulates  empathic  response  to  monetary  gains  and  losses.
Feedback-related  potential  (FRN)  could  reflect  empathic  responses.
FRN  and P300  have dissociated  roles  in  social  decision  making.
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a  b  s  t  r  a  c  t

In the past  decade,  considerable  amounts  of studies  have  explored  the  neural  underpinnings  of  empathic
response  toward  the  positive  and  negative  feelings  of others,  such  as  pain  and  social  exclusion,  in  the
field  of neuroeconomics.  In  addition,  empathic  response  of  observing  other’s  financial  gains  and  losses
have  recently  started  to gain  increasing  attention  in  this interdisciplinary  field.  However,  the  effects
of  inequality-averse  social  preference  on  individuals’  response  toward  other’s  gains  and  losses  have
not yet been  clearly  characterized.  This  work  conducted  an  electrophysiological  study  with  a  simple
gambling  task  to explore  how  inequality  aversion  matters  in modulating  neural  temporal  dynamics
toward  self  and  others’  gains  and  losses  using  scalp-recorded  event-related  potentials  (ERPs).  The  elec-
trophysiological  data  demonstrated  increased  amplitude  of  P300  toward  self’s  monetary  gains  and  losses
eedback-related negativity
300
nterior cingulated cortex

independent  of  advantageous  and  disadvantageous  status.  Intriguingly,  subjects  in the  high  pay  group
evoked  more  pronounced  gain loss  disparity  of feedback-related  negativity  (FRN)  amplitude  toward  oth-
ers than  themselves.  Meanwhile,  such  a  pattern  was  not  observed  among  the subjects  in  the low  pay
group.  Therefore,  the  current  double  dissociation  results  of  FRN and P300  may  indicate  that  advanta-
geous  status  enhances  subjects’  empathic  response  toward  others’  pecuniary  outcome,  giving a  direct

ence  
electrophysiological  evid

. Introduction

Human beings by nature are social creatures. In addition to
aring about their own personal interests, individuals are also
oncerned with the fortune and misfortune of others in dynamic
nterpersonal interactions. Empathy, or the capability to expe-

ience and share with what others feel, is vital in the social
ontext. Philosophers and psychologists have paid attention to this
spect for centuries. In addition, in the past decade, a growing
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for  the economic  modeling  on  inequality  aversion  behavior.
© 2013 Elsevier B.V. All rights reserved.

number of studies have investigated its neural mechanism [1–4].
At present, numerous studies have paid close attention to the
empathic response of pain and found that the passive observation of
others in pain evoked a largely similar neural pattern compared to
incurring the pain in a direct manner, indicating the “shared repre-
sentations” of others’ suffering. Similar with the empathic response
toward the negative stimuli (i.e., pain), recent studies have also
revealed that individuals empathetically respond to others’ finan-
cial reward. For instance, a recent functional magnetic resonance
imaging (fMRI) study investigated how individuals empathize with
others’ monetary reward [5]. They found that the subjects had
greater reward region activation when they observe another sub-

ject who was  socially similar with themselves win at gambling, as
opposed to those who were socially dissimilar. Such results indi-
cate that positive monetary reward could also be mirrored in the
brain, which is analogous to electric-induced pain.

dx.doi.org/10.1016/j.bbr.2013.08.043
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbr.2013.08.043&domain=pdf
mailto:maqingguo3669@zju.edu.cn
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In light of the modulatory factors of empathy, many social fac-
ors are involved in modulating the empathic response toward
thers, of which a very important one is inequality. In a pioneering
tudy, Sanfey et al. asked the subjects to act as the recipient in a
ne-shot ultimatum game while their brain underwent scanning
n fMRI [6]. They found that regions related with negative emo-
ion, namely, anterior insula (AI), anterior cingulate cortex (ACC),
ere more responsive to unfair offers compared with fair offers

rom a proposer. Singer et al. (2006) extended the aforementioned
tudy to examine how such unkind behavior from others modu-
ated individuals’ empathic response when they observed others
xperienced pain. They found that the subjects, especially males,
ad gloating attitudes toward those who treated them unfairly in a
ame before the empathic task. Instead of these empathic regions
i.e., AI, ACC), the reward-related region (i.e., the ventral striatum)
as involved when they saw that the betrayers experienced electric

hock [7]. Therefore, as an important situational context factor, this
cquired social image modulates individuals’ empathic response
oward others.

However, most contemporary neuroeconomic studies have
ainly centered on the neural response of individuals under disad-

antageous inequality [6,8–11]. Only a few studies have focused on
he instinct motivation of human beings to reduce the inequality
f distributional outcome [12]. In the original inequality frame-
ork for economic modeling developed by Fehr and Schmidt [13],

hey posited that humans are inequality-averse and egalitarian;
he coefficient “alpha” in the model indicates that the envy orig-
nated from disadvantageous inequality, and the coefficient “beta”
mbodies the guilt aversion from the advantageous status of the
ecision makers [14]. Adopting a simple and ingenious design, a
ecent study explored this possible neural evidence of inequality-
verse social preference existing in the brain [15]. Paired subjects
ere recruited; at the beginning of the experiment, they randomly

ndowed one subject from each pair with a large amount of money
rom a lucky draw. Afterward, the paired subjects were asked to
valuate further monetary transfer to both subjects in the scanner
sing a dictator game. They found that although subjects from the
igh pay group scored their higher monetary transfer as more satis-

actory in their self-reported ratings, the increased reward-related
egions (the ventral medial prefrontal cortex and striatum) were
ecruited when they saw that their disadvantageous counterparts
on a larger amount of money compared with the amount they

eceived. This study was the first to provide direct evidence for the
xistence of advantageous inequality aversion in the brain. Inspired
y this study, by adopting an electrophysiological approach, the
resent study intends to integrate status manipulation with a
nancial empathic paradigm to explore how advantageous status
odulates subsequent empathic response to others’ financial gains

nd losses.
With the rapid development of the interdisciplinary field of neu-

oeconomics, decision making under social context has also elicited
onsiderable attention in electrophysiological studies. Two  event-
elated potential (ERP) components, namely, feedback-related
egativity (FRN) and P300, especially the former, are the key foci of
tudies under this theme. Mounting evidence indicates that FRN,

 component distributed over the frontal area of the scalp and
eaking at approximately 200–300 ms  following the revelation of
nfavorable feedback, reflects the correctness of the decision that
ubjects made [16,17]. In an early study, Gehring and Willoughby
2002) adopted a gambling task in which subjects were instructed
o make a trade-off between options with small and large stakes,
hich may  result in a corresponding win or loss; the uncertainty
f both options was resolved as long as the choices were made by
he subjects. They explored the stimuli-locked ERP amplitude at
he stage of outcome revelation and found a prominent differenti-
ted FRN (d-FRN) toward the loss–gain divergence of the results,
search 256 (2013) 609– 617

reflecting the motivational and affective evaluation of the revealed
outcome [18].

Moreover, recent scientific attempts have successfully extended
the FRN exploration into social context. Electrophysiological stud-
ies revealed that the representation of vicariously experienced
gains and losses is similar with experiencing their own wins and
losses, comparable to those observed in the fMRI studies [5]. In
a previous study, Yu and Zhou asked the subjects to perform a
gambling task while observing the other subjects’ performance
of the same gambling task alternatively. They observed that the
mere observation of others’ performance also induced an increased
loss–gain FRN discrepancy, with relatively smaller amplitude but
similar morphology and scalp distribution as compared to the FRN
divergence of the outcome for themselves [19].

In addition, this socially induced FRN is also modulated by social
factors. In a recent report, Marco-Pallarés et al. recruited three
groups of paired subjects to participate in a gambling task [20].
In each pair, one subject was assigned as an observer and the other
as an executor. The executors were asked to carry out the gambling
task in all three pairs, whereas the observers were instructed to pas-
sively observe the gambling task in three different scenarios. The
gain–loss outcome of the gamble from the executors would entail
observers’ neutral, parallel, or opposite earnings. They observed
that the amplitudes of the FRN of the observers adaptively reacted
to discrepant manipulated conditions. The gain–loss discrepancy
of FRN was prominent in the neutral condition, which was  simi-
lar with the FRN under parallel condition and those observed from
the executor but not in the opposite condition. Therefore, they con-
cluded that empathic and affective processes might be essential in
neutral condition, which is consistent with the motivational theory
of FRN [18,21].

Recent studies further confirmed that observation-induced d-
FRN is related to the empathic response to others’ gains and losses.
Fukushima and Hiraki (2009) found that human outcome, rather
than that obtained by computers, could evoke the gain–loss dis-
crepancy of FRN toward non-self agent, and this differed FRN
amplitude was  positively correlated with the empathic traits of
the subjects, as measured by a self-reported questionnaire [22]. To
confirm this further, Leng and Zhou attempted to explore how the
social contexts modulate electrophysiological response of empa-
thy toward others’ gain and loss with varied degree of familiarity
[23]. In their study, subjects were engaged in a gambling task while
they observed two  others with differed familiarity perform the
same gambling task. Their study revealed that observers exhibited
a more prominent P300 toward their friends rather than toward
strangers. Such results are in accordance with previous studies that
P300 reflects the attentional allocation and motivational salience
of the stimuli [24]. Moreover, although the own performance of
the subjects induces a larger FRN compared with those of oth-
ers, no obvious differentiation of FRN was  found in the conditions
between friend and stranger observation. Our recent study repli-
cated their conclusion that P300 represented the agent difference
among self, friend, and stranger [25]. Moreover, our study extended
that the unobserved d-FRN difference might be due to the self-
involvement of the empathizer. Although the observers themselves
did not attend the gambling experiment, we  observed a prominent
d-FRN between their friends and strangers, and the difference of
the P300 remained. Therefore, the amplitude of FRN could actively
represent the decreases or increases of others’ empathic response
in a socially changing context. In general, converging studies indi-
cate that the amplitude of FRN could be flexibly modulated by a
specific social context, reflecting the motivational significance of

the outcome.

Therefore, to address the potential role of advantageous inequal-
ity aversion in modulating the empathic response to others’
pecuniary outcome, the present study attempted to explore the
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Fig. 1. Two stages of experiment. Two  paired male subjects attended the game; in
stage 1, each of them drew a ball from the box, where one gained a bonus of RMB 50

1000–1500 ms.  The colors to signify the gain or loss of the card
were counterbalanced across participants. “5” on a card represents
RMB  0.5 and “25” indicates RMB  2.5. When the gamble task ended,
the participants were informed about the value of both their
Q. Shen et al. / Behavioural Br

emporal mechanism of neural response to self and others’ mon-
tary gains and losses using ERP. We  revised the classical 5–25
ambling task [18] and recruited groups of unacquainted male
articipants for this experiment. In each group, two paired par-
icipants were asked to choose a gamble with 50/50 probability
efore the start of the electrophysiological experiment, where one
ubject received RMB  50 while the other received nothing. After-
ard, these two matched subjects passively observed the gamble
layed by the computer for themselves as well as for the paired
ubjects. The electroencephalography signals were recorded from
he paired subjects simultaneously. Such a paradigm allowed us
o explore how advantageous status affects the subjects’ neural
esponse toward the monetary wins and losses of themselves and
f others.

Given the varying motivational salience of the outcome stimuli
n the current study, we postulate that P300 differs between the
mpathizer and the other, and its amplitude would loom larger
ver self than others. On the other hand, the FRN between gains
nd losses under different agent conditions would depend on the
anipulated social status. Increased empathy is caused by advan-

ageous inequality. Thus, we posit that the gain–loss discrepancy in
bserving the outcome of others should be more pronounced than
he discrepancy toward themselves when the empathizer himself
s in an advantageous status.

. Methods

.1. Subjects

A total of 46 right-handed healthy undergraduate and gradu-
te male students, aged 19–33 (mean age = 22.24 years, SD = 2.62)
ere enrolled. They were all native Chinese speakers, had normal

r corrected-to-normal vision, and did not have any history of neu-
ological disorder or mental disease. The participants were divided
nto two groups based on the results of a “lucky draw” before the
RP experiment started. Informed consent was obtained from all
articipants prior to the commencement of the experiment. The
ata of three subjects were discarded because of excessive artifacts.
or symmetry, three of their paired subjects were eliminated as
ell, resulting in 40 valid subjects (20 pairs) for final data analysis.

.2. Experimental procedure

In this experiment, an experimental group was composed of
wo paired male subjects who were not familiar with each other.
s illustrated in Fig. 1, the paired subjects were initially asked to
ttend a “lucky draw” task before the ERP experiment. Two balls
one of which represents RMB  50 whereas the other represents
MB  0) were placed in a box in advance. The participants were

nstructed to draw a ball from the box; the one who drew the “win”
all would receive RMB  50 immediately from the experimenter
hereas the other one would receive nothing. According to the out-

ome of the “lucky draw”, the paired subjects were allocated into
igh pay group and low pay group separately. Afterwards, the two
ubjects were separately seated in two adjacent shield rooms. Each
f them seated about 1 meter away from a computer-controlled
RT monitor. The participants were instructed to observe the com-
uter playing gambles, regardless of whether the financial results
f the gambles were related to their own income or that of their
ounterpart. They were also asked to minimize body and muscle
ovement throughout the experiment.

As illustrated in Fig. 2, the participants were shown one of their

ames for five seconds at the start of each round, which indicated
he gambling results in this certain round would affect the income
f the shown subject. The gambling task was adapted from the
for a “win” draw whereas the other received RMB  0 for a “non-win” draw. At stage
2,  both of them were instructed to observe the computer performed the gambling
task for them alternatively while their EEGs were simultaneously recorded.

classical gamble task initially developed by Gehring and
Willoughby [18]. Stimuli were presented sequentially in the
center of the CRT computer screen. Each trial began with two
blank squares (each subtended 1.6 × 1.6◦, the visual angle between
the centers of the two  squares was  3◦) of thin white borders
over a black background (7.5 × 5.4◦) for a variable duration of
800–1600 ms.  Subsequently, two squares were filled with the two
possible alternatives of 5 or 25 betting cards and were laid out
horizontally on the background for 1000–2000 ms  variably. Then,
the computer automatically chose between the two alternatives;
the chosen bet was highlighted for 800–1600 ms.  The outcome
feedback was  displayed with red or blue color on the chosen card
to index gain or loss by adding “±”, “−” symbol to increase the
salience of the stimulus for 2 s. The inter-trial interval lasted for
Fig. 2. Gambling task. At 2nd stage of the study, the paired subjects were informed
whose gamble task by presenting one of their names for 5 s at the start of each round.
Then computer performed the gamble game for 16 consecutive trials for him. In each
block, there were 2 rounds of game for each subject. The experiments lasted 4 blocks
in  total.
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utcomes on the screen for another five seconds. Four possible
utcomes (i.e., ±25, −25, ±5, and −5) had independent equal
requencies of appearance for feedback presentation.

Stimuli, recording triggers, and response were presented and
ecorded using E-Prime 2.0 software package (Psychology Software
ools, Pittsburgh, PA, USA). The task consists of 4 blocks. Each block
ontains 2 rounds of 16 trials for each subject. Therefore, half trials
ere gambles that would influence the financial incomes of high
ay group whereas the other two rounds were for their counter-
art, the low pay group. The order of rounds in each block was
andomized by the program. The formal experiment started after

 pilot practice for both subjects. After the gambling task, the sub-
ects were asked to complete an altruism subscale of Neuroticism
xtraversion Openness Personality Inventory (NEO-PI).

.3. Electroencephalogram (EEG) recordings and analyses

The EEG was recorded (band-pass = 0.05–70 Hz, sampling
ate = 500 Hz) with Neuroscan Synamp2 Amplifier (Scan 4.3.1, Neu-
osoft Labs, Inc. Virginia, USA), using an electrode elastic cap with 64
g/AgCl electrodes according to the standard international 10–20
ystem. A cephalic (forehead) location was used for ground and
eft mastoid was chosen for reference. During offline analysis,
ll electrodes were digitally re-referenced to the linked mastoids
eference. Electrooculogram (EOG) was recorded from electrodes
laced at 10 mm from the lateral canthi of both eyes (horizontal
OG) and above and below the left eye (vertical EOG). The EOG
rtifacts were corrected off-line for all subjects in preprocessing.
he experiment started only when the electrode impedances were
aintained below 5 k�. The data were analyzed using Neuroscan

.3.1. The EOG artifacts were corrected using the method initially
roposed by Semlitsch et al. (1986) [26]. Trials containing ampli-
er clipping, bursts of electromyography activity, or peak-to-peak
eflection exceeding ±100 �V were excluded for final analysis.
he data were digitally filtered with a low pass filter at 30 Hz
24 dB/octave).

The EEG recordings were segmented for the epoch from 200 ms
efore the onset of target to 800 ms  after the onset, with the
rst pre-targets of 200 ms  as the baseline. The EEG epochs were
veraged separately for agency (self/other) × outcome (gain/loss)
onditions. Therefore, it results in four conditions, namely, self’s
ain, self’s loss, other’s gain and other’s loss both for high and low
ay groups. Based on visual observation of grand average wave-
orms and previous ERPs reports on feedback processing [23], two
RP components, namely, FRN and P300, were analyzed. We  aver-
ged the ERP amplitude of the time range of 230–330 ms  and
60–460 ms  for FRN and P300 analyses, respectively. According
o the scalp distribution of FRN difference and the reports from
revious studies [17,21], we selected six electrode sites, namely,
1, Fz, F2, FC1, FCz, and FC2 in frontal and central areas where
t elicited the largest FRN amplitude for statistical analysis. In
rder to investigate the effect across groups, we  run the four-
ay mixed repeated measures ANOVAs analysis for FRN and P300.

he 2 (group: high and low pay) × 2 (agency: self and other) × 2
outcome: win and loss) × 6 (electrodes) mixed-design ANOVAs
nalysis was conducted for FRN. To minimize the effects of overlap
f the FRN with positive components and demonstrate the results
ore explicitly, differentiated-FRN (d-FRN), which was  one’s FRN

n loss condition subtracted from the FRN in win condition, was also
nalyzed. We  conducted 2 (group: high and low pay) × 2 (agency:
elf and other) × 6 (electrodes) mixed-design ANOVAs analysis for
-FRN. In a similar vein, we selected six electrode sites, namely,

1, Cz, C2, CP1, CPz, and CP2 in central and parietal areas for P300
nalysis and also conducted 2 (agency: self and other) × 2 (out-
ome: win and loss) × 2 (group: high and low pay) × 6 (electrodes)
ixed-design ANOVAs. Simple effect analysis was conducted when
search 256 (2013) 609– 617

the interaction effect was significant. The Greenhouse–Geisser [28]
correction was applied in all statistic analyses when necessary
(uncorrected df are reported with the ε and corrected p values).
Independent sample t test was  employed for the analysis of post-
experiment altruism questionnaire difference across high and low
pay groups and Pearson correlation analysis was conducted for the
correlation between d-FRN for non-self agent and altruistic score
measured by NEO subscale in high and low pay group separately.

3. Results

3.1. Behavioral results

The statistical analysis of altruism subscale indicated that no dif-
ference was found in the degree of altruism between the two  groups
of participants (t(38) = 0.21, p ≥ 0.5). Pearson correlation analysis
indicated that there were no correlations between d-FRN for oth-
ers and altruistic scores both in high (r = −0.069, p = 0.779) and
(r = 0.282, p = 0.229) low pay groups.

3.2. ERPs results

3.2.1. FRN
A mixed-design ANOVAs analysis for FRN showed signifi-

cant main effects for agency (F(1,38) = 37.39, p ≤ 0.001), outcome
(F(1, 38) = 8.12, p = 0.007) and electrodes (F(5,190) = 14.42,ε  = 0.526,
p ≤ 0.001). Moreover, the interaction effect between agency and
valence was  also significant (F(1,38) = 5.21, p = 0.028) and so
was the interaction effect among agency, outcome and group
(F(1,38) = 4.73, p = 0.036). Therefore, we ran further ANOVAs anal-
ysis on both high and low pay groups separately.

For the high pay group, the grand-averaged ERP evoked by
the feedback observation for self and other collapsed across
gains and losses was  illustrated in Fig. 3 (top). We  found
significant main effects for agency (F(1,19) = 22.48, p ≤ 0.001), out-
come (F(1,19) = 8.98, p = 0.007), and electrode sites (F(5,95) = 12.28,
p ≤ 0.001, ε = 0.601). In general, outcome for self (9.748 �V) evoked
smaller FRN (negative polarity, larger voltage means smaller ampli-
tude) amplitude than those for others (7.104 �V). Loss outcome
(7.966 �V) induced larger FRN than wins (8.886 �V). Notable
interaction effect over agency and outcome was also observed
(F(1,19) = 8.45, p = 0.009). Further analysis showed that no signif-
icant FRN amplitude difference exists between their own gains and
losses (F(1,19) ≤ 0.01, p ≥ 0.1). However, significant difference was
found for paired other subjects’ gains and losses (F(1,19) = 17.36,
p ≤ 0.001), the high pay group evoked larger FRN amplitude toward
losses (6.193 �V) than for wins (8.015 �V) for their counterparts.

Analysis for the low pay group showed significant main
effects for agency (F(1,19) = 15.22, p < 0.001) and electrode sites
(F(1,19) = 5.25, p = 0.009, ε = 0.421). As indicated in Fig. 3 (bottom),
in general, for the participants in low pay group, their own  results
(11.341 �V) evoked smaller FRN amplitude than that of others
(9.191 �V). However, the main effect of outcome (F(1,19) = 1.91,
p > 0.1) was  not significant. Interaction effect between agency and
outcome was  also not observed (F(1,19) < 0.01, p > 0.1).

For the d-FRN data, ANOVAs analysis showed that the main
effect of agency was significant (F(1,38) = 5.21, p = 0.028), d-FRN
for others (−1.225 �V) elicited prominently larger amplitude that
that for themselves (−0.300 �V). However, the main effect of
electrodes was not notable (F(5,190) = 0.49, p ≥ 0.1). Moreover, the
interaction effect between agency and group was also significant

(F(1, 38) = 4.73, p = 0.036,ε = 0.760). Therefore, further analysis was
conducted in both two  groups respectively. For subjects in high
pay group, agency effect was significant (F(1,19) = 8.45, p = 0.009).
It revealed that gain loss discrepancy of others (−1.822 �V)



Q. Shen et al. / Behavioural Brain Research 256 (2013) 609– 617 613

Fig. 3. FRN results. Grand-average ERP waveforms from 6 frontal electrodes (F1, FZ, F2, FC1, FCZ, FC2) as a function of agency (self and other) and outcome (gain and loss) of
feedback for high (top) and low pay groups (bottom).
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enerated larger d-FRN amplitude than those for their own out-
ome (−0.584 �V). For the low pay group, we failed to find a
rominent difference across agencies (F(1,19) ≤ 0.01, p ≥ 0.1).

.2.2. P300
For the positive component P300, we found significant

ain effects for agency (F(1,38) = 72.38, p ≤ 0.001), outcome
F(1,38) = 5.95, p = 0.019) and electrodes (F(5,190) = 5.25,ε = 0.528,

 = 0.003) by adopting similar mixed-design ANOVAs analysis as
hat we did for FRN. However, the interaction effect between

gency and outcome (F(1,38) = 0.14, p ≥ 0.1), and the interaction
ffect between agency and group (F(1,38) = 2.20, p ≥ 0.1) were not
ignificant, and neither was the interaction effect among agency,
utcome and group (F(1,38) ≤ 0.01, p ≥ 0.1). The interaction effect
etween outcome and group (F(1,38) = 4.41, p = 0.042) was signifi-
ant. Therefore, we ran further ANOVAs analysis on both high and
ow pay groups separately.

As shown in Fig. 4 (top), the ANOVAs analysis revealed a
ain effect for agency (F(1,19) = 44.63, p ≤ 0.001) for high pay

roup, their own outcome induced larger amplitude of P300
13.111 �V) than that for others (8.319 �V). The main effect of
utcome (F(1,19) = 10.93, p = 0.004) and electrodes (F(5,95) = 17.16,

 ≤ 0.001) was also significant, while the interaction effect between
ubjects and outcome (F(1,9) = 0.14, p ≥ 0.1) was insignificant. The
ain outcome (11.450 �V) elicited larger P300 amplitude than that
f loss outcome (9.980 �V).

For the low pay group, as illustrated in Fig. 4 (bottom), the
epeated ANOVAs analysis revealed a main effect for agency
F(1,19) = 27.98, p ≤ 0.001), similar with those observed in the high
ay group, their own outcome evoked larger amplitude of P300
11.705 �V) than that for others (8.599 �V). The main effect of
lectrodes was not significant (F(5,95) = 1.32, p ≥ 0.1, ε = 0.393).
oreover, the main effect of outcome (F(1,19) = 0.05, p ≥ 0.1) and

he interaction effect between agency and outcome (F(1,19) = 0.03,
 ≥ 0.1) were also insignificant.

. Discussion

This study aimed to investigate the electrophysiological basis
f pro-social behavior, more specifically, how inequality-averse
ocial preference modulates the empathic response toward vicar-
ous financial outcome. We  hypothesized that inequality aversion

ould increase the empathy-related brain response of high pay
roup subjects when witnessing others’ financial gains and losses.

In line with our prediction, for subjects in high pay group, the
RN discrepancy between gains and losses for others was  promi-
ent. However, it failed to evoke a discrepant FRN toward their own
nancial outcome observation over gains and losses. Moreover, the
-FRN amplitude was larger for others than those revealed ampli-
ude toward high pay group themselves. Nevertheless, a few recent
tudies have reported the modulated role of FRN toward others’
ains and losses [20,22,23,29]. Therefore, subjects in high pay group
re more concerned about their counterparts who  are in a disad-
antageous situation. To the best of our knowledge, this study is
he first to report the more prominent d-FRN for others as com-
ared to those evoked for individuals themselves. As mentioned in
he introduction, FRN has been reported to be involved in reflecting
he motivational significance of the stimuli and has been linked to
epresent the increased empathic response to others’ misfortunes.
dditionally, these effects have also been observed in fMRI inves-

igations. For example, in a recent study, Krach et al. (2011) found

hat ACC, the source of FRN, is activated by the invoked empathy
or vicarious feeling of others in social pain, and such increased
rain activation is positively correlated with their trait empathy
30]. Therefore, the markedly increased d-FRN in the advantageous
search 256 (2013) 609– 617

group might indicate an increased empathic response toward oth-
ers’ gain–loss discrepancy due to the inequality concern, indicating
the existence of egalitarianism for economics.

In neoclassical economics, economists put forward a pure
self-interest maximization framework to explain the economic
behavior of human beings. However, the collected data from exper-
imental and field studies reveal that humans, in general, are willing
to sacrifice a certain amount of money to defend egalitarianism of
monetary distribution. This, however, concurs with Adam Smith’s
assertion in “the theory of moral sentiment” that “fellow-feeling”
derived from egalitarianism concern can augment human beings’
degree of empathic response toward others [12,31]. Therefore, the
utility concern for others’ incurred financial loss under low pay sta-
tus is a possible explanation for the increased d-FRN toward others
in a disadvantageous status. At an electrophysiological level, our
results for the d-FRN of high pay group presented a further corrob-
oration for the existence of disutility for advantageous inequality
aversion, which has been integrated in behavioral economic models
[13,32,33].

Furthermore, for subjects in the low pay group, we failed to find
a disparity between the d-FRN comparison of self and others. The
altruistic scale score comparison and its correlation with d-FRN for
others indicate such a discrepancy with the d-FRN observed for high
pay group is not due to the varied altruistic traits of the subjects.
At first glance, this seems contrary to the previous assumptions
of other-regarding preference discussed in the model by Fehr and
Schmidt (1999) that subjects are more sensitive to disadvantage
than advantage inequality. One possible explanation might be the
lack of intentionality or responsibility from their counterpart. In
a situation such as an ultimatum game, the unkind offers from
the proposer induce a strong unfair experience for the respon-
der in a disadvantage position. However, for an exact same unfair
offer from the proposer but with a kind intention, such a reac-
tion was remarkably reduced [34]. A similar reduced behavioral
and brain response was observed when the computer, instead of
the proposer, proposes an unfair offer [6]. In the current experi-
ment, the status manipulation was  simply fulfilled by a fair lucky
draw. Thus, the subjects in the low pay group might not have a
strong sense of perceiving the disadvantage situation, and hence
did not exert gloating and envious attitudes toward the subjects
with an advantageous status. However, as discussed above, the sub-
jects in the high pay group who  received extra money from the
first stage might naturally induce altruistic empathy to seek the
egalitarian distribution across the group, which is consistent with
the previous evidence that participants preferred monetary trans-
fers that can narrow down inequality in the distribution of income
[35]. Therefore, both electrophysiological results of high and low
pay groups indicate pro-social traits of subjects in such a social
decision-making context.

In addition, the FRN modulation observed in the present study
also provided evidence for the proposed models on the modu-
lation stage of empathy. In a review paper published in 2006,
de Vignemont and Singer put forward a potential framework for
empathic modulation toward others’ suffering and fortune [4].
They proposed two possible models, namely, an early appraisal
and a late evaluation model. In the early appraisal model, the
empathic stimuli are assessed based on their internal and exter-
nal contexts. Therefore, appraisal per se determines whether the
empathic response would occur. The late appraisal model indi-
cates that the passive viewing of vicarious target spontaneously
induces empathic response. The empathic modulation only takes
effect at a subsequent stage by enhancing or weakening the auto-

matically elicited empathy at the previous stage. Recent empathic
studies on pain supported both of the proposed frameworks. Fan
and Han (2008) [36] found that only a late component P300 was
modulated by top–down attention allocation to others in pain at
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Fig. 4. P300 results. Grand-average ERP waveforms from 6 centro-parietal electrodes (C1, CZ, C2, CP1, CPZ, CP2) over agency (self and other) and outcome (gain and loss) of
feedback for high (top) and low pay groups (bottom).
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pproximately 380 ms.  However, a recent study found that early
rontal–central ERP was also modulated by the down-regulated
mpathic response of physicians toward others in pain [37]. In
urrent study, the dynamic change of the FRN amplitude at approx-
mately 300 ms  after the onset of the stimuli may  support the early
ppraisal model, in accordance with recent reports that the early
RN amplitude was modulated by the perceived favor of the out-
ome under a different social context [25,38]. Therefore, in addition
o the observed modulation effect for the primary stimuli [36,37],
urther studies are necessary to further resolve the exact stage for
he modulation effect of empathic perception for the secondary
timuli and monetary gain and loss in the financial domain.

Meanwhile, although we observed a diversified pattern of FRN
nder different social contexts, a clear and stable distinction of the
300 was found between self and others, regardless of whether the
articipants are in high or low pay group. While majority of the
tudies which investigated the electrophysiological basis of social
ecision making mainly focused on the role of FRN and it’s source
egion ACC (see [39,40] for latest reviews), few has paid a close
ttention to the exact role of P300 in such interactive settings. The
RN is regarded to reflect the subjective valuation of the valence
f the outcome as we discussed above, whereas past studies indi-
ate that the P300 mainly embodies stimulus evaluation, which
re related to the motivation of the stimuli or the electrophysio-
ogical response to target stimuli in oddball task [24]. For instance,
eung and Sanfey (2004) [27] reported that although FRN is sensi-
ive to the valence of stimuli, P300 responds to the magnitude of the
esults. However, in general, we also observed a prominent P300
iscrepancy between gain and loss. Such a result is in accordance
ith the recent studies that P300 reflects the valence of stimuli

41–43]. Therefore, to a certain extent, P300 shares an analogous
ole with the function of FRN over outcome evaluation.

However, the independent agency-specific effect of P300
mplies that it still has special role over the salient and affective
valuation of the outcome, which is also consistent with several
ecent studies. For example, as mentioned in the introduction, in
n recent study by Leng and Zhou [23] on the modulating role
f friendship over monetary outcome, while there is no obvi-
us differentiated FRN difference between friend and stranger,
hey still observed a prominent P300 discrepancy across differ-
nt agents: self, friend and stranger. Such a behavioral pattern was
lso observed in our recent study adopting a similar experimen-
al paradigm (2011). Moreover, both Itagaki and Katayama (2008)
44] and Fukushima and Hiraki (2006, 2009) [22,29] observed more
ronounced P300 amplitude for self compared with other con-
ition although they either didn’t report the data explicitly in
heir results or didn’t pay attention to it in their discussion. Par-
icularly for Itagaki and Katayama’s (2008) study, they observed

 reversal of the FRN difference under different experimental
anipulation in two experiments. However, in both experiments,

here was still a stable and prominent P300 toward self rather
han for their counterparts [44]. P300 results observed in cur-
ent study over outcome processing in high and low pay groups
re generally compatible with such results and, to some extent,
o beyond that. Unlike what Itagaki and Katayama’s (2008) did,
ther’s gain and loss wouldn’t impact self’s monetary reward or
unishment directly. Additionally, different from recent studies
entioned above, the gain/loss outcome for self was determined

y computer’s selection rather than from direct self-execution. One
xplanation of such an observed effect might be that, human, by
ts nature, are self-centered, no matter in self-execution or pas-
ive observation context. For instance, in a latest review on the

EG basis of self-referential processing, Knyazev summarized that
isparities between self- and other-related information is mainly
ssociated with the P300 component [45]. Subjects’ own face or
elf-relevant pronouns could elicit significantly larger P300 than

[

search 256 (2013) 609– 617

non self-relevant information. By incorporating the results that
gain loss discrepancy was also prominent for P300, we suggest
that the P300 might, in general, demonstrate participants’ overall
evaluation of the outcome at the relatively late stage of outcome
evaluation. Therefore, current findings are in line with the sev-
eral previous studies and extend them into social settings that
P300 played a dissociated role from FRN during outcome evaluation
[21,46].

5. Conclusion

In summary, this study investigated the neural mechanism
of how inequality-averse social preference modulates empathy
toward others in gambling tasks involving financial gains and
losses. When the participants were in high pay group, we observed
an enhanced FRN toward others’ gains and losses. Meanwhile,
when the participants were in low pay group, they demonstrate
a similar reaction toward their own and others’ financial outcome.
P300 components, however, were larger for themselves than for
others regardless of their social status, indicating a more conspic-
uous egocentric salience for self. Therefore, using simple economic
status manipulation, this study indicates that advantageous sta-
tus enhances FRN’s response toward others’ monetary gains and
losses. This finding has empirical and theoretical significance in
confirming the existence of utilitarian-seeking and complements
recent advancement on research on inequality aversion. One limi-
tation of present study is that we only recruited the male subjects
for experimental investigation. Therefore, further studies on both
male and female subjects are necessary to extend current findings
into general population.
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