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Previous studies have shown that social comparison influences individual’s fairness con-
sideration and other-regarding behavior. However, it is not clear how social comparison
affects the brain activity in evaluating fairness during asset distribution. In this study, par-
ticipants, acting as recipients in the ultimatum game, were informed not only of offers
to themselves but also of the average amount of offers in other allocator–recipient dyads.
Behavioral results showed that the participants were more likely to reject division schemes
when they were offered less than the other recipients, especially when the offers were
are willing to sacrifice economic interests to punish unfair behavior
(Fehr and Gächter, 2002; Camerer, 2003). One way to investigate
fairness consideration in asset division is to let individuals play
economic exchange games, like the ultimatum game (UG;Güth
et al.,1982),and to examine these individuals’behavioral responses
and/or brain activities. In the standard UG, two players have to
divide a certain amount of money between them. One player is
the allocator and proposes a division of the money; the other is
the recipient and can either accept or reject the division scheme. If
the recipient accepts, the asset is divided as proposed. If the recip-
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Note that social comparison can be in different directions
(Festinger, 1954): an upward comparison in which individuals
compare themselves with peers in a better standing; a downward
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although in the end all the participants were paid extra 5 yuan on
top of the basic payment.

DESIGN AND PROCEDURES
The experiment had a 2 × 3 within-participant factorial design,
with the first factor referring to offer type (moderately unequal
vs. highly unequal) and the second factor referring to social com-
parison (downward vs. lateral vs. upward). A highly unequal offer
was 2 out of 10 yuan and a moderately unequal offer was 4 out
of 10 yuan. For upward or downward comparison condition, the
average amounts of offers to recipients in other allocator–recipient
dyads were 1 yuan more or less than the offers to the participants,
whereas for lateral comparison, the average amounts were equal
to the offers to the participants.

When a participant came to the laboratory,he/she and the seven
confederates were told that they would sit in separate rooms to fin-
ish a task together through the computer network. By assigning
the participant and the confederates pre-determined cards, they
were ostensively led to separate cubicles to play different roles in
the game. The participant was then told that he/she as well as
another three randomly selected participants would play as recipi-
ents in UG and the other four would play as allocators. He/she was
also informed about the rules of the experiment. That is, at the
beginning of each round, the computer would randomly pair each
recipient with one allocator, and the allocator would then make an
offer on how to divide 10 yuan. Offers in the four different dyads
were independently and simultaneously made by the allocators.
The participant was presented with not only the amount his/her
paired allocator proposed to offer but also the average amount of
offers in the other three allocator–recipient dyads. The participant
was asked to press a button with the index finger of his/her left
or right hand, without elaborative thinking, to indicate whether
he/she would accept or reject the offer. Note that the participant
was reminded that his/her response to each offer would not be sent
back to the allocator immediately and therefore would not affect
the allocators’ offers in the following rounds.

Each trial began with the presentation of a photo of the 10
yuan bill (2.6˚ × 1.3˚) for 500 ms against a black background (see
Figure 1). The sentence “The computer is randomly pairing” in
Chinese (white and Song font, size 32) was presented for another
500 ms, indicating to the participant that four different dyads were
being formed randomly. Then the sentence “Please wait for the
offer” in Chinese (white and Song font, size 32) was presented for
either 500, 750, 1000, 1250 ms, implying that the allocators were
considering how to distribute the assets. After the presentation
of a blank screen for a period of either 400, 500, 600, or 700 ms,
the amount offered to the EEG participant as well as the average
amount offered in other dyads (i.e., the division scheme) were
revealed in two lines of words (e.g., “you 2, average 2,” white and
Song font, size 32) at the center of screen for 1000 ms. The screen
turned blank again for 400 ms, followed by the presentation of two
options, “accept” and “reject” (in words), on the left and right side
of the screen respectively, with the positions of the two options
counterbalanced over participants. The participant was asked to
make the “accept” or “reject” decision as quickly as possible and
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FIGURE 1 | Sequence of events in a single trial.

according to visual inspection of waveforms. Analyses of variance
(ANOVAs) were conducted with three within-participant factors:
offer type (highly unequal vs. moderately unequal), social compar-
ison (upward vs. lateral vs. downward), and electrode. If the inter-
action between offer type and social comparison reached statistical
significance, further F tests were conducted to test the simple
effects, with electrode as a factor of no-interest. The Greenhouse–
Geisser correction for violation of the assumption of sphericity
was applied where appropriate. The Bonferroni correction was
used for multiple comparisons.

RESULTS
Among the 26 EEG participants, one participant accepted all the
offers and three participants displayed excessive artifacts in EEG
recording. These participants were excluded from data analysis,
leaving 22 participants for the following analysis.

BEHAVIORAL RESULTS
Rejection rates for different division schemes are presented
in Figure 2. A 2 (offer type: highly unequal vs. moderately
unequal) × 3 (social comparison:downward vs. lateral vs. upward)
repeated-measures ANOVA revealed a significant main effect
of offer type, F(1,21) = 50.24, p < 0.001, η2 = 0.71, indicat-
ing that rejection rate for highly unequal offers (mean ± SD,
0.54 ± 0.30) was higher than that for moderately unequal offers
(0.07 ± 0.11). The main effect of social comparison was sig-
nificant, F(2,42) = 18.07, ε = 0.69, p < 0.001, η2 = 0.46, suggest-
ing that the rejection rate was higher for upward compari-
son (0.48 ± 0.25) than for either lateral (0.25 ± 0.20) or down-
ward (0.20 ± 0.19) comparison, as confirmed by post hoc tests,
ps < 0.001. Rejection rates for lateral and downward comparison
did not differ from each other, p > 0.1. Importantly, these main
effects were qualified by a significant interaction between offer
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FIGURE 3 | (A) ERP responses time-locked to the onset of different offers at
the midline Fz, FCz, and CPz. The shaded 270–360 ms time window was for
the calculation of the mean amplitudes of the MFN. The shaded 450–650 ms

time window was for the calculation of the mean amplitudes of the LPP; (B)

topographic maps for the MFN effect; (C) topographic maps for the LPP
effect.

offers, replicated previous studies in which the MFN effect
increased with unfairness in economic games (Polezzi et al., 2008;
Boksem and De Cremer, 2010; Hewig et al., 2011; Wu et al., 2011;
Van derVeen and Sahibdin, 2011). This effect may reflect the detec-
tion of social expectancy violation as egalitarian distribution of
assets is an expected social norm (Messick and Sentis, 1983; Fehr
and Gächter, 2002; Fehr and Fischbacher, 2004). During evolu-
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conduct deeper assessment of offers only at a later stage involv-
ing more top-down processes (Cunningham et al., 2003; Leng and
Zhou, 2010; Ma et al., 2011). That is, fairness consideration in UG
can be differentiated into two stages: an earlier, semi-automatic
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