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Previous research has reported that feedback-related negativity (FRN) may represent the degree of perceived
unfairness in the ultimatum game (UG). However, few studies have incorporated intention-related consideration
in examining the neural correlates of fairness perception. To address this issue, the present study introduced an
intentional UG paradigm to disentangle the effect of perceived intention from fairness concerns, using an event-
related potential (ERP) analysis. Consistent with the hypothesis, the behavioral results indicated that good inten-
tion could markedly reduce rejection rates, and this intention effect was modulated by the degree of fairness,
which was more prominent under unfair scenarios. Further electrophysiological results showed that, for the
unfair division schemes, FRN and P300 amplitudes were significantly different between offers proposed with
good intention and those with bad intention, while such discrepancies were not observed for the fair condition.
In summary, converging results demonstrated that perceived intention can modulate the effect of fairness in
social decision-making.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

The capability to evaluate and respond to social behaviors in a quick
and efficient manner is deeply rooted in human nature. Nevertheless,
during dynamic social interactions, individuals are not merely con-
cerned with objective outcomes. Instead, they may go beyond that con-
cern and evaluate people's actions leading to specific social outcomes, as
well as the perceived intentions behind such actions. For example, in a
recent study (Ames and Fiske, 2013), participants were asked to read
a vignette that describes a small company in which employees' salaries
partially depended on its profits. Importantly, the CEO made a poor in-
vestment at a cost to the employees' compensation. When participants
were told that the investment was considered to have great prospect,
and the CEO did not expect that the investmentwould fail, they thought
that the employees were less harmed. By contrast, when participants
learned that the CEO intentionally made that poor investment to urge
the employees to work even harder to increase future profits, they
deemed that the employeeswere harmed to a greater extent. Therefore,
hejiang University, Hangzhou,
.

this study showed that interest-neutral third parties consider intended
social harms to be much worse than unintended ones.

Besides serving as third parties, we are quite often directly involved
in similar scenarios in social contexts. Social pain can be induced inter-
nally when we are either economically or psychologically harmed by
others, and neuroscientific studies have suggested that social pain
shares common neural mechanisms with primary physical pain
(Eisenberger, 2012). By contrast, when we feel loved by and socially
connected to others, social warmth is experienced. In a similar manner,
the underlying neural representation of social warmth is found to be
similar with that of physical warmth (Inagaki and Eisenberger, 2013).
It is worth noting that in daily life, there are occasions when others'
actions are not explicit, and we can only infer their intentions from
observed outcomes. Sometimes, wemistakenly speculate others' inten-
tions and blame others unjustly, which may even cost us a precious
friendship. However, when we later identify the underlying truth, we
may feel deeply guilty and regretful. This further suggests that per-
ceived intentions play an important role in the evaluation of outcomes
as well as the judgment of action agents.

In the present study, we modified the Ultimatum game (UG) (Güth
et al., 1982) and engaged participants in social interactions in which
monetary payoffs are distributed between two players. In the standard
UG task, the proposer has the privilege of dividing the stake between
himself/herself and the paired anonymous responder. Once the offer is
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proposed, the responder can either accept it or reject it. While accep-
tance would lead to the division of the stake as proposed, rejection of
the offer would leave both the proposer and the responder empty-
handed. In this modification, both the outcome and the other player's
action leading to the outcome are revealed, which may provide a
valuable cue for the participants to infer the intention of others. We
orthogonally manipulated outcomes and the perceived intentions of
others and examined participants' behavioral and neural responses
toward varied outcomes, especially when the outcome itself and the
perceived intention were in conflict (either bad outcome as a result of
good intention, or good outcome resulting from bad intention). Specifi-
cally, we intended to investigate whether perceived good intentions
would alleviate the social pain brought by unsatisfactory outcomes.

In regard to asset allocation, both lab-based experiments and field
studies have shown that individuals do not merely care about their
own payoffs. In contrast, they are also sensitive to self-others' compari-
sons, and fairness plays a key role in such considerations. As a long-
established social norm, a sense of fairness is prevalent in various
circumstances, from sports competition to promotions at work, and it
is generally universal across diverse cultures (Henrich et al., 2006).
Defined as the phenomenon of inequity aversion, violation of the social
norm of fairness can elicit negative emotions and give rise to subse-
quent strong reactions, including punishment or revenge toward
unequal distributions of resources (Fehr and Schmidt, 1999). UG is
widely used in the fields of economics and psychology to examine
people's responses to unfairness. In recent years, in the emerging inter-
disciplinary field of neuroeconomics, several studies have explored the
neural underpinnings of fairness perception and evaluation. For exam-
ple, using fMRI, Sanfey et al. (2003) examined the responders' reactions
toward unfair offers and found that the evaluation of unfair offers re-
sulted in increased brain activations in the bilateral insula, dorsolateral
prefrontal cortex (DLPFC) and anterior cingulate cortex (ACC).

Beyond the degrees of fairness of actual outcomes, previous behav-
ioral findings also reported that people's reactions were highly depen-
dent on perceived intentions of others (Falk et al., 2008; Nelson, 2002;
Radke et al., 2012; Sutter, 2007). For example, Blount (1995) discovered
that people tend to accept an unfair offer proposed by a computer rather
than a human agent, as they perceived the unfair offer with the same
payoff to be unintentional under the first scenario. However, until
now, little attention has been attached to the role of perceived inten-
tions in fairness perception, with the aim of parsing its behavioral and
neural underpinnings.

To date, two fMRI studies have examined the neural correlates
associated with behavioral responses to unfair offers within a modified
UG paradigm (mini-UG) that manipulates the perceived intention of
offers (Güroglu et al., 2010; Güroglu et al., 2011), focusing on the
responder's decision-making process in such contexts. In the first
study, the proposer was always faced with two alternatives, with one
fixed alternative being unfair. It was discovered that brain responses
underlying behavioral reactions to unfair offers depended heavily on
perceived intentions. Specifically, the insula and the dorsal medial
prefrontal cortex were activated both when an unfair offer was rejected
in the non-alternative condition and when the same offer was accepted
in the fair- or hyperfair-alternative condition. However, it isworthmen-
tioning that because subjects were presented with the offer and the
alternatives at the same time, perception of the proposer's intention
and evaluation of an offer's fairness were intertwined in these studies.

To tease apart the cognitive processes of intention and fairness per-
ception, we developed a revised version of the mini-UG with orthogo-
nally manipulated intention and fairness (coined as intentional UG).
Subjects were asked to evaluate two offers with varying fairness (fair:
6, 4; unfair: 8, 2; throughout this paper, the former number in a division
set refers to the proposer's outcome,while the latter one refers to that of
the responder) in two context conditions (fairer-alternative, more
unfair-alternative). In addition, to avoid potential confounds between
offer evaluation and the choice action, subjects were only allowed to
respond after the hints of “accept” and “reject” appeared on the screen.
Based on results from prior behavioral studies (Radke et al., 2012;
Sutter, 2007), we predicted that the perceived good intention of the
proposer (choosing the more favorable option for the responder from
the two alternatives) would effectively reduce the rejection rate at the
behavioral level, especially when the offer was objectively unfair.

To our knowledge, no previous research has directly applied electro-
physiological methods to examining intention-related fairness percep-
tion. In the current study, ERPs were used to obtain a better idea of
temporal dynamics of brain activities as a result of the evaluation of
fairness and intention. In recent years, there have been many ERP
studies examining brain responses to various offers using the UG task,
and the FRN has been implicated in fairness evaluation (Boksem and
De Cremer, 2010; Ma et al., 2015a; Mussel et al., 2014; Polezzi et al.,
2008). The FRN is a negative deflection that generally peaks between
250ms and 350ms at frontocentral electrodes. Compared with positive
feedback, the FRN has been shown to bemore pronounced for negative
feedback that indicates unfavorable outcomes (San Martin, 2012).

According to reinforcement learning theory, in the non-social
domain, human brains have developed specific mechanisms to detect
reward prediction errors (Harris and Fiske, 2010). Similar mechanisms
may have been developed to detect deviations from expected social
norms in the social domain (Montague and Lohrenz, 2007; Wang
et al., 2013; Wu et al., 2011). Specifically, because equal division of
assets is commonly accepted as a social norm (Deutsch, 1975), unfair
offers that deviate from the fairness social normwould generally induce
more negative-going FRN than fair offers (Boksem and De Cremer,
2010; Ma et al., 2015a; Mussel et al., 2014; Polezzi et al., 2008). Similar-
ly, being kind to other people and treating them well might be another
widely accepted social norm, the violation of which might lead to a
larger prediction error as reflected in enhanced FRN signals.

Another mainstream theory of the FRN considers that motivational
significance could explain the FRN discrepancy toward losses and
gains (d-FRN), suggesting that increased d-FRN will be elicited when
outcomes in a certain condition bear more motivational significance to
participants (Ma et al., 2014; Ma et al., 2015b; Zhou et al., 2010). In
the current study, we assume that when an offer is unfair, whether it
was proposed out of good intention or bad intention will be moremoti-
vationally significant. Correspondingly, in line with the motivational
significance account of FRN, we predict that the good/bad intention
comparison in the unfair condition might induce a larger FRN discrep-
ancy than that in the fair condition.

2. Methods

2.1. Participants

Twenty healthy, right-handed subjects aged 19–26 years (M =
22.17 years, SD = 1.92 years), 12 of whom were male, participated
in this study. All subjects were registered students of Zhejiang Uni-
versity and had normal or corrected-to-normal vision. They reported
no history of neurological disorders or mental diseases. This study
was approved by the Institutional Review Board of the Zhejiang
University Neuromanagement Lab. Informed consent was obtained
from all subjects before the experiment. Data from one subject
were discarded because of excessive recording artifacts. In the
post-experiment debriefing, another subject cast doubt on the exis-
tence of the prior behavioral study. Thus, data from 18 valid subjects
were used for the final analysis.

2.2. Experimental procedure

The subjects were comfortably seated in a dimly lit, sound-
attenuated and electrically shielded room. The stimuli were presented
at the center of a computer screen at a distance of 100 cm, with a visual
angle of 8.69° × 6.52° (15.2 cm × 11.4 cm, width × height). Subjects



Table 1
Number of trials and offers made in the experiment.

Allocation set Condition/offer Number of trials

(5, 5; 6, 4) 5, 5 24
Fair–bad intention (6, 4)a 36

(6, 4; 7, 3) Fair–good intention (6, 4)a 36
7, 3 24

(7, 3; 8, 2) 7, 3 24
Unfair–bad intention (8, 2)a 36

(8, 2; 9, 1) Unfair–Good intention (8, 2)a 36
9, 1 24

a Target trials that are analyzed in the behavioral and ERP data.
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were instructed to use the keypad to make their choices. The experi-
ment consisted of 4 blocks, each containing 60 trials. Before the experi-
ment, participants were informed of the rules of the intentional UG.
They were told that offers from anonymous proposers were collected
in a prior behavioral study, and they would play off-line with them.
The computer randomly displayed all the division schemes we had
designed, to guarantee that there would be equal numbers of trials in
all conditions to be analyzed.

The present study modified the mini-UG paradigm (Falk et al.,
2003). Similar to the manipulation by Falk and his colleagues, the pro-
poser always has two alternatives to choose from. However, as shown
in Fig. 1, there are two target allocation schemes in the present task
rather than only the unfair division of the stake (8, 2) in the original
mini-UG design. The other target allocation scheme is a comparatively
fair division (6, 4), according to which the proposer would get ¥6,
while the responder would get the remaining ¥4. Beyond these, there
are three other schemes, which are (5, 5), (7, 3) and (9, 1), respectively.
The intention manipulation is associated with the alternative scheme
along with the two target schemes. When the target scheme is paired
with an advantageous alternative for the proposer, the act of choosing
the target scheme would be deemed as being of good intention, and
vice versa.

The four different pairs of proposals, (5, 5; 6, 4), (6, 4; 7, 3), (7, 3; 8,
2) and (8, 2; 9, 1), each appeared in 60 rounds during the experiment.
We also manipulated the likelihood that target allocation schemes
were chosen. For each pair of options, the target scheme would be
chosen in 36 rounds, whereas the other scheme would be chosen in
24 rounds. In the previous fMRI studies, target schemes were twice as
likely to be chosen compared with non-target schemes (Güroglu et al.,
2010; Güroglu et al., 2011). Only trials in which target schemes were
chosen went into the behavioral and ERP analyses (see Table 1).

As illustrated in Fig. 2, a fixation appeared as a cue for 800ms on the
blank screen, indicating the beginning of each trial. The given name of
the proposer was presented afterwards. After the division scheme set
Fig. 1. The four original division sets are (5, 5; 6, 4), (6, 4; 7, 3), (7, 3; 8, 2) and (8, 2; 9, 1). Each
2) was considered an unfair offer, while (6, 4) was deemed a fair one. If the proposer chose the
vice versa. The responder can either accept or reject the offer. If an offer is rejected, the propos
receives the outcome presented on the first row, while the responder receives the outcome di
was shown for 1500ms, the proposer's choicewas highlighted. Subjects
could respond after the hints of “accept” and “reject” appeared on the
screen. If they decided to accept the division scheme, then ¥10 would
be divided as proposed. Otherwise, both theproposer and the responder
would receive no compensation in that round.

Blank screens separating sequential stimuli within a trial lasted for
600–800 ms, and the inter-trial interval lasted for 1000–1500 ms. To
familiarize subjects with the experimental procedure, a four-trial pilot
experiment was administered before the experiment formally started.
Subjects received ¥30 as compensation for attendance, and two trials
were randomly chosen to determine their decision-based payment. At
the end of the experiment, subjects were debriefed and paid according-
ly. Stimuli, recording triggers, and responses were controlled by E-
Prime 2.0 software (Psychology Software Tools, Pittsburgh, PA, USA).

2.3. EEG recordings

EEGs were recorded (band-pass 0.05 Hz to 70 Hz, sampling rate
500 Hz) from 64 scalp sites with Neuroscan Synamp2 Amplifier. The
left mastoid served as an on-line reference. EEGs were off-line re-
referenced to the average of the left and the rightmastoid. The electrode
proposer was faced with one division set and could choose from the two alternatives. (8,
advantageous offer for the responder, it was defined as the good intention condition, and
er and the responder each receive nothing in that round. In each condition, the proposer
splayed on the second row.



Fig. 2. Experimental task. The proposer's offer was revealed after the original division set was presented. Subjects could either accept or reject the offer. The payoffs for both the proposer
and the responder in that round were presented at the feedback stage.
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on the cephalic region was applied as a ground. The vertical electroocu-
logram (EOG) was recorded supra- and infra-orbitally at the left eye,
and the horizontal EOG was recorded at the left versus right orbital
rim. Electrode impedance was maintained below 5 kΩ during the
experiment.

2.4. Data analysis

During the offline EEG analysis, ocular artifacts were removed,
followed by digital filtering through a zero phase shift (low pass at
30 Hz, 24 dB/octave). Time windows of 200 ms before and 800 ms
after onset of the offer were segmented, and the whole epoch was
baseline-corrected using the 200 ms interval prior to offer onset. Trials
containing amplifier clipping, bursts of electromyography activity, or
peak-to-peak deflection exceeding ±80 μV were excluded. For each
subject, recorded EEGs were separately averaged over each recording
site under each condition. Specifically, EEG epochs were separately
averaged for fairness (fair/unfair) × intention (good intention/bad
intention) conditions. All of these conditions included a minimum of
32 valid trials. For the analysis of behavioral data, repeated measures
ANOVA was adopted to compare rejection rates across four conditions.

Considering that the maximum FRN amplitudes appeared at frontal
sites, data from the electrode sites F1, Fz, F2, FC1, FCz and FC2 were an-
alyzed. Because themost negative peak of FRN appeared approximately
330 ms after onset of the offer, mean amplitudes in the 280–380 ms
timewindowpost-onset of feedbackwent into a 2 (fairness) × 2 (inten-
tion) × 6 (electrode) repeated-measures ANOVA. Given that the maxi-
mum P300 amplitudes were observed at parietal sites, data from the
electrode sites C1, Cz, C2, CP1, CPz, CP2, P1, Pz, and P2 were analyzed.
Because the most positive peak appeared approximately 480 ms post-
onset of feedback, mean amplitudes in the time window of 380–
580 ms were calculated, and ANOVA was conducted for P300 with
three within-subject factors: fairness, intention and electrodes. Simple
effect analysis was conducted when the interaction effect achieved
significance. The Greenhouse–Geisser correction was applied in all
statistical analyses when necessary.

3. Results

3.1. Behavioral performance

The rejection rates for different division schemes, presented in Fig. 3,
are 5.40% (fair–bad intention), 1.08% (fair–good intention), 71.91%
(unfair–bad intention) and 26.70% (unfair–good intention), respective-
ly. A 2 (fairness) × 2 (intention) repeated-measures ANOVA revealed
significant main effects of both fairness (F1, 1 = 38.424; p b 0.001;
η 2 = 0.693) and intention (F1, 1 = 24.746; p b 0.001; η 2 = 0.593).
The main effect of offer type suggested higher rejection rates for unfair
offers than for fair ones,which interactedwith intention (F1, 1=13.861;
p=0.002; η2=0.449). Subjects reacteddifferently to fair and unfair of-
fers, with significant fairness effects for both the bad intention condition
(t = 44.543; p b 0.001) and the good intention condition (t = 12.207;
p = 0.003). We further examined the effect of intention in fair and
zunfair conditions, respectively. The intention effect is significant in
the unfair condition (t=20.190; p b 0.001) but not in the fair condition
(t = 3.278; p = 0.088).

3.2. ERPs

The evaluation of division schemes is mainly reflected in the FRN
and the P300. As presented in Fig. 4, the mean FRN amplitudes in the
2 (fairness) × 2 (intention) conditions are 0.602 μV (fair–good inten-
tion), 0.480 μV (fair–bad intention), 2.888 μV (unfair–good intention)
and 0.345 μV (unfair–bad intention), respectively. ANOVA analysis for
the FRN revealed main effects of fairness (F1, 17 = 5.395; p = 0.033;
η 2 = 0.241), intention (F1, 17 = 9.490; p = 0.007; η 2 = 0.358) and
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electrode (F5, 80= 2.942; p=0.017; η2=0.658). The interaction effect
of fairness and intention is significant (F1, 17 = 6.207; p = 0.025; η2 =
0.262), with enhanced FRN amplitude toward bad intention compared
with good intention when the offer is unfair (F1, 17 = 11.239; p =
0.004; η2 = 0.398) but not when the offer is fair (F1, 17 = 0.052; p =
0.823; η 2 = 0.003). We further examined the fairness effect in the
good and bad intention conditions, respectively; it is significant in
the good intention condition (F1, 17 = 6.932; p = 0.017; η2 = 0.290)
but not in the bad intention condition (F1, 17 = 0.113; p = 0.741;
η2 = 0.007).
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Fig. 4. FRN results during offer evaluation. For illustration, grand-averaged ERP waveforms of
unfair) and intention (good intention vs. bad intention).
As shown in Fig. 5, the mean P300 amplitudes in the 2 (fairness) × 2
(intention) conditions are 4.311 μV (fair–good intention), 4.457 μV
(fair–bad intention), 7.145 μV (unfair–good intention) and 4.960 μV
(unfair–bad intention), respectively. The ANOVA for the P300 revealed
main effects of fairness (F1, 17 = 10.071; p = 0.006; η2 = 0.372) and
electrode (F8, 128 = 17.758; p b 0.001; η2 = 0.945). The main effect of
intention approaches marginal significance (F1, 17 = 4.393; p = 0.051;
η2=0.205). The interaction effect of fairness and intention is significant
(F1, 17=5.003; p=0.039; η2=0.227),with enhanced P300magnitude
toward good intention than bad intention when the offer is unfair
(F1, 17 = 6.156; p = 0.024; η 2 = 0.266) but not when the offer is
fair (F1, 17 = 0.083; p = 0.777; η 2 = 0.005). In addition, the main
effect of fairness is not significant in the bad intention condition
(F1, 17 = 0.168; p = 0.687; η 2 = 0.010) but is significant in the
good intention condition (F1, 17 = 12.717; p = 0.002; η 2 = 0.428).

4. Discussion

As one of themost fundamental facets of social preferences, fairness
is profoundly affected by the perceived intentions of others. In the pres-
ent study, using an intentional UG paradigm, we investigated how per-
ceived intentions of others influenced responders' behaviors as well as
their brain responses to various offers in social interactions. The results
demonstrate that good intentions produced more positive reactions at
both the behavioral and neural levels. We found that participants
were more likely to reject schemes when the proposer could have cho-
sen a fairer alternative, especially when the schemes themselves were
disappointing. Electrophysiologically, offers proposed out of good inten-
tions elicited less negative-going FRN responses than the same offers
proposed with bad intentions, and this effect was modulated by the de-
gree of fairness of the proposed offer. Thesefindings reveal the temporal
dynamics of neural activity in considerations of fairness and intention,
nicely complementing previous behavioral and neuroimaging studies
(Güroglu et al., 2010; Sanfey et al., 2003; Tabibnia et al., 2008).

In the past, scholars have commonly adopted the mini-UG task to
test whether intention matters beyond the fairness of offers. Previous
researchers usually manipulated intentional consideration by applying
one fixed unfair option (8, 2) along with varied alternatives (equal,
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fairer or more unfair options). To the best of our knowledge, no behav-
ioral or neuroscience studies have ever tested how the perceived inten-
tion interacted with the degree of fairness. To track how responders
perceive and respond to the intention of offers with varied degrees of
fairness, we revised the traditional mini-UG and adopted a 2 (good/
bad intention) by 2 (fair/unfair offer) experimental design to place
subjects into such tradeoffs. In this design, there are two target offers
with varying degrees of fairness, which are (6, 4) and (8, 2), respective-
ly.While (8, 2) is an inherently unfair offer, (6, 4) is a comparatively fair
one in the current setting. The four division sets of (5, 5; 6, 4), (6, 4; 7, 3),
(7, 3; 8, 2) and (8, 2; 9, 1)make it possible for us to compare responders'
reactions to fair (6, 4) and unfair (8, 2) offers with discrepant perceived
intentions, which allows for the comparison of inequity aversion and
intention consideration.

Behavioral results from the current study showed that subjects
tended to reject unfair offers although this act would reduce their own
monetary benefit. This was consistent with previous findings and
further confirmed that fairness is an essential social norm in economic
decision-making (Falk et al., 2003; Fehr and Schmidt, 1999). Compared
with the situation in which the alternative offer is comparatively fair,
rejection rates were dramatically reduced when proposers chose the
responder-advantageous option from two objectively unfair division
schemes. The drastic decline of rejection rates of unfair offers, from
71.91% to 26.70%, when the offer was perceived to be proposed out of
good intention, demonstrated that intentional consideration indeed
modulate rejection (Falk et al., 2003; Güroglu et al., 2010; Sutter,
2007). Nevertheless, the rejection rate in the unfair scenarios remained
higher than that observed in the fair scenarios regardless of the per-
ceived intention, which can be attributed to the endogenous inequity
aversion of human beings (Fehr and Schmidt, 1999).

In terms of the electrophysiological data, we found a general FRN
effect for fairness in the present study. At first glance, the more
negative-going FRN responses to fair offers compared with unfair ones
appeared to conflict with previous findings (Boksem and De Cremer,
2010; Polezzi et al., 2008). Based on visual inspection, we speculated
that the reversed FRN pattern for fairness of the offer was mainly due
to the drastically reduced FRN amplitude in the unfair–good intention
condition, and this conjecture was verified in the subsequent statistical
analysis.
Statistical results for the FRN showed that d-FRN in the unfair condi-
tion (FRN amplitude in the unfair–bad intention conditionminus that in
the unfair–good intention condition) is significantly larger than that in
the fair condition, as reflected in the interaction effect analysis. Accord-
ing to the motivational significance model of the FRN, this reflects the
more important role of intentionality consideration when an offer is
unsatisfactory. From the observed FRN pattern, we speculate that,
during social interactions, fairness might be the dominant factor to be
considered in outcome evaluation. When the proposed offer is fair,
people do not care much about the perceived intentions, as reflected
in similar FRN amplitudes in the fair–good intention and the fair–bad
intention condition (results of the simple effect analysis in the fair
condition). However, when the offer is unfair, people may pay special
attention to the perceived intentions of the offer, as reflected in the
significantly different FRN amplitudes in the unfair condition when
the perceived intention is good or bad.

A recent study demonstrated that facial expression could influence
the evaluation of an offer as reflected in the FRN pattern, as a smile
would alleviate people's perceived unfairness at the neural level and
lead to lower rejection rates behaviorally (Mussel et al., 2014). In a sim-
ilar vein, in the present study, it seems that perceived good intentions
could alleviate people's sense of unfairness as well. During outcome
presentation, the magnitudes of elicited FRNs might reflect subjective
evaluation of outcome valence (San Martin, 2012). The finding of a
less pronounced FRN when unfair offers, as opposed to fair offers,
were proposed with good intentions demonstrated that outcomes in
the unfair–good intention condition are subjectively evaluated as even
more positive than those in the fair–good intention condition. The
seemingly counter-intuitive finding led us to conclude that perceived
good intentions would alleviate people's sense of unfairness (social
pain) to a large extent and that this might outweigh the influence of
the objective fairness of an offer.

Why was the subjective evaluation of offers in the unfair–good in-
tention condition so positive? Previous studies have shown that close
relationships with one's family, friends and colleagues, as well as a
warm smile from a stranger, give rise to the feeling of social warmth
(Bargh and Shalev, 2012; Inagaki and Eisenberger, 2013). In the
unfair–good intention condition of the present study, proposers were
faced with two disadvantageous division schemes for responders, and



189Q. Ma et al. / International Journal of Psychophysiology 96 (2015) 183–190
they could have chosen a more extreme option. However, they treated
the responders kindly by selecting the comparatively fairer option.
Treating others kindly is significant in social interactions. From this
action, good intentions were perceived, possibly leading to the experi-
ence of social warmth, as reflected in the significantly reduced FRN
amplitude in the unfair–good intention condition.

Beyond illuminating people's social interactions, the current
findings also have important implications for understanding the
modulation of FRN patterns. Although it is widely accepted that the
FRN shows larger deflections for negative feedback than for positive
feedback (San Martin, 2012), most previous studies directly com-
pared the differentiated FRN (d-FRN) in different manipulations,
which equates to the FRN evoked by positive outcomes subtracted
from that induced by negative ones. Such a manipulation makes it
impossible to determine whether the FRN pattern is mainly the
result of the negative deflections toward negative outcomes or pos-
itive deflections toward positive outcomes, or whether both deflec-
tions jointly contribute to the observed FRN pattern. To overcome
such a disadvantage, recent studies have calculated the FRN sepa-
rately for positive and negative outcomes, and many of them have
found greater deflection of the FRN toward positive outcomes than
to negative ones (Foti et al., 2011; Kreussel et al., 2012; Qu et al.,
2013; San Martin et al., 2010; Weinberg et al., 2014). In the present
study, an outcome proposed out of good intentions would be
deemed as more favorable than the same outcome proposed out of
bad intentions. Consistent with the existing literature, it was found
that the FRN mainly reflects positive deflections toward favorable
outcomes rather than the other way round, as reflected in the dras-
tically reduced FRN in the unfair–good intention condition, which
further demonstrated the modulatory role of perceived intentions
on considerations of fairness.

Consistent with findings of FRN, in a later time window, we also
found a prominent positive deflection of P300 toward unfair offers
proposed with good intentions. In terms of the P300, previous stud-
ies mainly reported that its magnitude is closely linked to the moti-
vational significance of the stimuli (Ma et al., 2014; Zhou et al., 2010)
or attentional resources allocated to the outcome (Duncan-Johnson
and Donchin, 1977; Johnson and Donchin, 1980). However, recent
studies, especially those in risky decision-making, began to report
that P300 could also encode the valence of the outcome (Gu et al.,
2011; Polezzi et al., 2008; Shen et al., 2013; Wu and Zhou, 2009),
which is similar with the valence effect that is well known for the
FRN. Therefore, the current finding was consistent with the proposi-
tion that P300 may also encode the favorable vs. non-favorable dis-
crepancy in social decision-making (San Martin, 2012). Moreover,
compared with the other conditions, the prominently increased
P300 in the unfair–good intention condition further indicated the
modulatory role of perceived intention on fairness consideration,
complementing the behavioral findings and the observed FRN
patterns.
5. Conclusion

Providing subjects with fair or unfair division schemes aswell as the
original allocation set from which the schemes were proposed, we
found that the rejection frequency of unfair offers was modulated by
the subjects' perception of proposers' intention in the intentional UG.
In general, subjects were more likely to be influenced by the perceived
intention of offers in unfair scenarios. Electrophysiological data for the
FRN and P300 well corroborated the modulatory role of intention in
the perception of fairness. It is suggested that such an effect is mainly
attributable to the alleviation of unfairness resulting from the perceived
kind intention of proposers. In summary, these results highlight the
significance of intention considerations in fairness-related social
decision-making.
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