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Fairness perceptions may be affected by counterfactual comparisons. Although certain

studies using a two-player ultimatum game (UG) have shown that comparison with the

proposers influences the responders’ fairness perceptions in a gain context, the effect

of counterfactual comparison in a UG with multiple responders or proposers remains

unclear, especially in a loss context. To resolve these issues, this study used a modified

three-player UG with multiple responders in Experiment 1 and multiple proposers in

Experiment 2 to examine the influence of counterfactual comparison on fairness-related

decision-making in gain and loss contexts. The two experiments consistently showed

that regardless of the gain or loss context, the level of inequality of the offer and

counterfactual comparison influenced acceptance rates (ARs), response times (RTs), and

fairness ratings (FRs). If the offers that were received were better than the counterfactual

offers, unequal offers were more likely to be accepted than equal offers, and participants

were more likely to report higher FRs and to make decisions more quickly. In contrast,

when the offers they received were worse than the counterfactual offers, participants

were more likely to reject unequal offers than equal offers, reported lower FRs, and made

decisions more slowly. These results demonstrate that responders’ fairness perceptions

are influenced by not only comparisons of the absolute amount of money that they would

receive but also specific counterfactuals from other proposers or responders. These

findings improve our understanding of fairness perceptions.

Keywords: counterfactual comparison, social decision-making, ultimatum game, loss context, gain context

INTRODUCTION

Individuals often reject an unequal distribution even at a cost to themselves. This phenomenon
has been examined using the ultimatum game (UG) (Sanfey et al., 2003; Tabibnia et al.,
2008; Dulebohn et al., 2009; Güroglu et al., 2010, 2011). In this game, two players divide a
sum of money. The first player, the proposer, proposes how the money should be divided.
The second player, the responder, accepts or rejects the proposed division. If the responder
accepts, the money is divided as proposed. If the responder rejects, both players receive
nothing. To the responder, fairness means an equal distribution between the proposer and
the responder (Alexopoulos et al., 2012; Zheng et al., 2015). Standard economic models
predict that the responder makes the rational decision to maximize his/her benefits and that
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any monetary amount is preferable to none. However, multiple
studies that used the UG have found that many responders reject
unequal offers, especially offers below 20% of the total (Güth
et al., 1982; Thaler, 1988; Camerer and Thaler, 1995); this finding
reflects the important role of perceived fairness when making
such decisions.

Fairness perceptions are driven by comparing an interaction’s
actual benefit with the benefit that could have been obtained
(counterfactual comparison) (Sandbu, 2007; Nicklin et al., 2011).
In some studies that use a modified, two-person UG, the
proposer selects one of two paired offers. For example, an
unfair offer of seven coins for the proposer and three coins
for the responder (7:3) is paired with an alternative: either a
fair alternative (5:5) or a highly unfair alternative (9:1). These
studies have demonstrated significant counterfactual comparison
effects, finding that responders are more likely to accept an unfair
offer when the alternative is highly unfair than when it is fair
(Falk et al., 2003; Radke et al., 2012). In the two-person UG,
the counterfactual comparison effect comes from speculating
the proposer’s intention, whereas in the three-person UG, this
effect comes from the comparison between the responder’s offer
and the third player’s offer (Wright et al., 2011; Du et al.,
2013). Studies have discovered that regardless of whether the UG
includes a third player as another responder (Knez and Camerer,
1995; Kagel and Wolfe, 2001), a group of proposers (Wright
et al., 2011; Du et al., 2013), or an average amount (Wu et al.,
2011), the responder is more likely to reject the offer if there
is a better alternative offer from a third player. However, worse
alternative offers to another powerless responder are ignored
(McDonald et al., 2013). Only when responders are confronted
with inequality do they care about unequal alternative offers
from another powerless responder and demonstrate increased
rejection behavior (Alexopoulos et al., 2012, 2013). Although
previous studies have investigated whether and how a responder’s
behavioral response to unfairness is affected by a third player’s
offer, the third player is a powerless responder in these studies
(Alexopoulos et al., 2012, 2013; McDonald et al., 2013) or an
abstract average amount is involved (Wu et al., 2011). To our
knowledge, a third player as a powerful responder or proposer
has received little attention in the thousands of experimental
studies that have used UG.

Although the influence of fairness on decisions has been
examined extensively in gain contexts (Güth et al., 1982;
Camerer, 2003; Sanfey et al., 2003), little attention has been
paid to the influence of fairness on decisions in loss contexts.
According to prospect theory, losses loom larger than gains, and
people prefer to avoid losses rather than to acquire equivalent
gains (Güth et al., 1982; Buchan et al., 2005; Wu et al., 2011).
In a two-person UG, money is divided between the proposer
and the responder. In this situation, for the responder, fairness
is the one of the important norms to direct his/her judgment
(Fischbacher et al., 2013; Hertwig et al., 2013). In comparison
with gain contexts, loss contexts lead individuals to perceive
stronger unfairness and to reject more unequal offers (Guo et al.,
2013; Sarlo et al., 2013; Tomasino et al., 2013). In contrast to a
two-person UG, in a three-person UG, responders hope to obtain
higher payoffs, and they hope that their divisions and earnings

are equal to or better than the divisions and earnings of the
third player (Shupp et al., 2006; Alexopoulos et al., 2012, 2013;
McDonald et al., 2013; Wang et al., 2014). As responders, they
cannot control the divisions by themselves; they must accept the
offers to increase benefits or reduce debts. Therefore, we infer that
responders may be less likely to reject offers in a loss context than
in a gain context to avoid widening the gap in earnings with a
third player due to a rejected offer. To the best of our knowledge,
this study is the first to explore the influence of counterfactual
comparison on fairness perceptions using a three-person UG in a
loss context.

Acceptance rates (ARs) and fairness ratings (FRs) are widely
used indices of fairness perception (Moretti and Di Pellegrino,
2010). Moreover, response times (RTs) have regularly been
employed as a measure in its own right to explain the underlying
process of fairness perception and to test fairness models
in investigations of fairness in decision-making (van ’tWout
et al., 2005; Wright et al., 2011). People’s deliberations may be
influenced by various criteria, and the examination of more
criteria is associated with requiring longer times to make a
decision (Fischbacher et al., 2013; Hertwig et al., 2013). In order
to obtain a comprehensive understanding of the influence of
counterfactual comparisons on fairness perceptions, we decided
to complement the widely used measures ARs and FRs by the RTs
participants needed when making their acceptance decisions.

As responders in UGs, people are often understood as using
their own internal fairness yardstick to judge the acceptability
of offers. Therefore, our research aimed to investigate whether
counterfactual comparisons in gain and loss contexts could
affect people’s FRs (and subsequent decisions) in a modified
three-person UG in which the third player was either another
responder (Experiment 1) or another proposer (Experiment 2).
In contrast to previous three-person UG studies (Güth et al.,
2007), a three-person UG with multiple responders is a game
in which there is one proposer who proposes separate offers
to two responders. The two responders independently decide
whether to accept or reject the offers. A three-person UG with
multiple proposers is a game in which there are two proposers
who propose two divisions and present them to one responder
simultaneously. The computer selects one of the offers for the
responder, who decides whether to accept the selected offer.
Given these considerations, we examined the following three
research questions. First, do counterfactual offers influence a
responder’s willingness to accept equal or unequal offers (i.e.,
compared with seeing other worse/better offers)? Second, does
a counterfactual offer affect not only the willingness to accept
or reject but also the decision processes (i.e., FRs and RTs)?
Third, are the effects of counterfactuals robust across different
contexts (i.e., gain/loss contexts and whether there are multiple
responders/proposers)?

MATERIALS AND METHODS

Participants
Non-psychology and economic majors at a university in Beijing
were recruited as participants through the university’s Bulletin
Board System. None of the participants reported that they had
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previously been part of similar experiments. Overall, 58 (21
males, M ± SE =22.5 ± 0.31 years) and 67 (25 males, M ±

SE = 22.4 ± 0.27 years) university students were included in
Experiment 1 (a UG with multiple responders) and Experiment
2 (a UG with multiple proposers), respectively. All participants
were right-handed and had normal or corrected-to-normal
vision. They had no history of neurological or psychiatric
disorders. The participants voluntarily enrolled in the study and
signed a written consent form. This study was conducted in
accordance with the Declaration of Helsinki, and the procedures
were approved by the local institutional review board.

Attention and Comprehension Checks
Attention Check

To ensure that the participants paid attention over the course
of the relatively large number of trials and to enhance the
comparison between the two offers, for each trial, the participants
were asked to judge the offer size. Specifically, the participants
had to judge which offer would allow them to gain more in the
gain context (or lose less in the loss context). The participants
were asked to press the F key with their left index finger if the
left offer was more (or less) and to press the J key with their right
index finger if the right offer was more (or less). Similarly, half of
the participants needed to judge which offer would allow them to
gain less in the gain context (or lose more in the loss context). In
Experiments 1 and 2, the accuracies of the offer size judgments
(M ± SE) were 97 ± 0.3% and 97 ± 0.4%, respectively. One
participant in Experiment 1 and two participants in Experiment 2
were excluded from further analyses because the mean accuracies
of their judgments of offer size were less than 80%.

Comprehension Check

To ensure that all participants fully understood the task,
a practice block of three trials that was identical to the
experimental blocks was administered after the participants read
the instructions. The participants were told that the purpose of
the practice trials was to help them to become familiar with the
tasks. In contrast to the experimental trials in which the offers
were given by the proposers, in the practice trials, the offers were
randomly generated by the computer. After the practice trials,
the researchers answered any questions regarding the experiment
and ensured that all participants completely understood the rules;
only after this process did the experimental blocks begin.

Procedure
Before participating in the study, the participants were asked
to describe themselves in a self-introduction, including their
major, upbringing, education, personality, and hobbies. The
participants were informed that their self-introduction would be
anonymously presented to all proposers and that the proposers
would decide how to divide the money with them according to
the information in their self-introduction. When they arrived
at the experiment, the participants were told that we had given
their self-introductions along with those of the other participants
(Experiment 1) or their self-introductions (Experiment 2) to
more than one hundred proposers to allow the proposers to
decide how to distribute the money in advance. Furthermore,

the participants were told that these offers from the different
proposers had been entered into a computer for display. The
participants were also told that the proposers were given money
according to the responders’ decisions by Alipay at the end
of both experiments. Therefore, the participants knew that all
offers were determined ahead of time and that there were not
hundreds of people who were simultaneously participating in the
experiments. After the participants finished the experiment, they
were informed that there were no real proposers and that all of
the participants had been given the same offers regardless of the
content of their self-introductions.

On the day of the experiment, the rules of the UG game
were explained to the participants (Figure 1). Specifically, each
participant in Experiment 1 was informed that in each trial,
the proposer would present two offers. The total amount of
each offer was U10. Two pies were used to represent the two
offers. One pie was enclosed in a red square and displayed
the offered split between the proposer and the participant (the
responder), and the other pie presented the offered split between
the proposer and another responder (a pseudo-subject). Each pie
was divided into 10 equal slices, with each slice representing U1.
Gray slices and red slices represented the payoffs to a proposer
and a responder, respectively. In the gain context, accepting the
offer led to the suggested division of the gain, whereas rejection
resulted in the proposer and responder each receiving nothing.
In the loss context, accepting the offer led to the suggested
division of the loss, whereas rejection resulted in the proposer
and responder each incurring the entire loss. To ensure that
the participants would independently compare their own payoffs
and not infer a norm from other peoples’ behavior, they were
told that the decisions of other responders would not affect
their payoff and that proposers and other responders would not
know the participants’ decisions and vice versa. Furthermore,
to avoid an influence of the previous trial on the current trial,
the participants were asked to treat each trial as if it were the
only trial that would determine how much money they and their
proposer would receive at the end of the experiment. These
manipulations have commonly been used in research with UGs
(Wright et al., 2011; Feng et al., 2015; Ma et al., 2015; Ma
and Hu, 2015). In addition, to increase the strength of any
counterfactual comparison effect, two participants took part in
the experiment at the same time and were told that they were
of similar age, educational background, and university ranking.
Before the formal experiment, the participants were told that
they would be given a basic payment for their participation (U40
RMB), plus or minus the amount of money that was gained or
lost from a random selection of 10% of the formal experimental
trials.

Both experiments consisted of 160 trials that were divided
evenly into four runs, half with a gain context and half with a
loss context, as well as 20 buffers. For all payoff combinations,
the first number represented the payoff for the proposer, and
the second number represented the payoff for the responder. In
the gain context, when the responder’s offer was equal (+5:+5),
the counterfactual offer was one of the following conditions
in comparison: moderately disadvantageous (+7:+3); slightly
disadvantageous (+6:+4); slightly advantageous (+4:+6);

Frontiers in Psychology | www.frontiersin.org 3 May 2017 | Volume 8 | Article 683

http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Li et al. Counterfactual Comparison Affects Fairness

FIGURE 1 | Experimental procedure for both experiments. The participants played an ultimatum game in a (A) gain context or (B) loss context. Two pies

represented two offers from one proposer who proposed to two responders in Experiment 1, and two pies represented two offers from two different proposers in

Experiment 2. The offer to the participant was framed in a red square and could be accepted or rejected. Each pie was divided into 10 equal slices and represented

U10 in total. The participant’s slices were in red, and the proposer’s slices were in gray.

or moderately advantageous (+3:+7). When the responder’s
offer was unequal (+7:+3), the counterfactual offer was
one of the following conditions in comparison: moderately
disadvantageous (+9:+1); slightly disadvantageous (+8:+2);
slightly advantageous (+6:+4); or moderately advantageous
(+5:+5). In the loss context, when the responder’s offer was
equal (−5:−5), the counterfactual offer was one of the following
conditions in comparison: moderately disadvantageous (−3:−7);
slightly disadvantageous (−4:−6); slightly advantageous
(−6:−4); or moderately advantageous (−7:−3). When the
responder’s offer was unequal (−3:−7), the counterfactual offer
was one of the following conditions in comparison: moderately
disadvantageous (−1:−9); slightly disadvantageous (−2:−8);
slightly advantageous (−5:−5); or moderately advantageous
(−4:−6). There were 10 trials for each condition. The context
order was counterbalanced among the participants, and different
types of offers were mixed in pseudorandom order, with the
restriction that no more than three consecutive trials had the
same offer.

For each trial, a fixation cross was presented for 1.5 s. Then,
two offers were presented on the screen. After the attention
check for the judgment of offer size was made, the responder’s
offer was framed by a white square. Following a fixation cross
for 1 s, the responder’s offer for the participants for which the
location was counterbalanced was presented with a red square.
The participants were required to press the F key with their left
index finger to accept the offer and to press the J key with their
right index finger to reject the offer. The response buttons were
counterbalanced among the participants. At the end of each trial,
the final outcome was shown until the participant reported the
fairness rating of the responder’s offer on a 7-point scale that
ranged from 1 (extremely unfair) to 7 (extremely fair). After the
experiment, the participants were debriefed. All of them believed

that they played the game with real proposers and another
responder.

For Experiment 2, the procedure was similar to Experiment
1. The only difference was that each of two proposers provided
one offer to the participant. In each trial, two pies represented
separate offers from two proposers, and one of the offers was
randomly selected (i.e., enclosed in a red square) by the computer
for the participant.

RESULTS

The mean ARs, RTs (log RTs; transformed using a logarithmic
function), and FRs of each condition are shown in Table 1

(Experiment 1) and Table 2 (Experiment 2). To exclude
the contribution of the attention check, we conducted two
independent samples T-tests to test the influences of judgments
of offer size and response buttons on the ARs (and RTs
and FRs). We did not find any significant difference (ps
> 0.05). Then, a series of 2 (responder’s offer: equal vs.
unequal) × 4 (counterfactual offer: moderately advantageous vs.
slightly advantageous vs. slightly disadvantageous vs. moderately
disadvantageous) × 2 (context: gain vs. loss) repeated-measure
ANOVAs were conducted on the ARs, RTs, and FRs. A two-
step cluster analysis was conducted to classify specific response
strategies into different groups based on Schwarz’s Bayesian
information criterion (BIC) and the highest log-likelihood
distance measures (ratio of distance measures, RDM) by pooling
together the ARs of the different conditions in both experiments.
As an additional between-group factor, a mixed ANOVA was
further conducted to delineate the differences in the ARs among
the different strategy groups. In addition, Pearson correlation
coefficients of the ARs, RTs, and FRs were obtained by pooling
together all data. Statistical significance was defined at the 0.05
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TABLE 1 | Mean (standard errors) ARs, RTs, and FRs of all conditions in

Experiment 1.

Responder’s

offer

Counterfactual

offer

ARs RTs FRs

+5:+5 +7:+3 0.97 (0.01) 3.01 (0.02) 4.84 (0.09)

+6:+4 0.98 (0.01) 3.03 (0.02) 4.72 (0.10)

+4:+6 0.97 (0.01) 3.01 (0.02) 4.28 (0.09)

+3:+7 0.96 (0.01) 3.05 (0.02) 4.26 (0.11)

+7:+3 +9:+1 0.87 (0.03) 3.08 (0.03) 3.66 (0.13)

+8:+2 0.86 (0.03) 3.10 (0.03) 3.64 (0.13)

+6:+4 0.78 (0.04) 3.11 (0.03) 3.21 (0.10)

+5:+5 0.71 (0.05) 3.15 (0.02) 3.05 (0.10)

−5:−5 −3:−7 0.97 (0.01) 3.09 (0.02) 4.17 (0.10)

−4:−6 0.99 (0.01) 3.07 (0.02) 4.11 (0.09)

−6:−4 0.99 (0.00) 3.13 (0.02) 3.75 (0.10)

−7:−3 0.98 (0.01) 3.13 (0.02) 3.67 (0.10)

−3:−7 −1:−9 0.92 (0.02) 3.14 (0.02) 2.97 (0.12)

−2:−8 0.91 (0.02) 3.15 (0.02) 2.92 (0.11)

−4:−6 0.88 (0.03) 3.22 (0.02) 2.69 (0.11)

−5:−5 0.81 (0.04) 3.23 (0.02) 2.60 (0.11)

TABLE 2 | Mean (standard errors) ARs, RTs, and FRs of all conditions in

Experiment 2.

Responder’s

offer

Counterfactual

offer

ARs RTs FRs

+5:+5 +7:+3 0.97 (0.01) 2.98 (0.03) 4.93 (0.1)

+6:+4 0.98 (0.01) 2.94 (0.03) 4.88 (0.10)

+4:+6 0.99 (0.00) 2.97 (0.02) 4.45 (0.12)

+3:+7 0.96 (0.01) 2.98 (0.02) 4.27 (0.13)

+7:+3 +9:+1 0.90 (0.03) 3.00 (0.03) 3.53 (0.12)

+8:+2 0.89 (0.03) 3.01 (0.03) 3.47 (0.11)

+6:+4 0.86 (0.03) 3.03 (0.03) 3.14 (0.09)

+5:+5 0.79 (0.04) 3.04 (0.03) 2.95 (0.11)

−5:−5 −3:−7 0.99 (0.00) 3.01 (0.02) 4.45 (0.11)

−4:−6 1.00 (0.00) 2.99 (0.02) 4.38 (0.11)

−6:−4 0.98 (0.01) 3.05 (0.02) 4.07 (0.11)

−7:−3 0.97 (0.01) 3.06 (0.02) 3.89 (0.12)

−3:−7 −1:−9 0.84 (0.04) 3.06 (0.02) 3.17 (0.13)

−2:−8 0.84 (0.04) 3.04 (0.02) 3.03 (0.13)

−4:−6 0.84 (0.04) 3.13 (0.02) 2.66 (0.10)

−5:−5 0.80 (0.04) 3.15 (0.02) 2.58 (0.11)

level (two-tailed test). The analysis of the participants’ behavioral
changes over time is shown in the Supplementary materials.

Responders’ ARs Influenced by the
Counterfactual Offers
The results from multiple responders revealed that for the equal
offers, there was no significant difference in AR among the

distinct counterfactual offers, whereas for the unequal offers,
the responders’ ARs were significantly lower in the moderately
advantageous condition than in the three other conditions
(Figures 2A,B). The results frommultiple proposers showed that
for equal offers, the AR in themoderately advantageous condition
was significantly lower than that in the slightly disadvantageous
condition in the loss context (Figure 2D), whereas for unequal
offers, the AR in the moderately advantageous condition was
significantly lower than those in the other three conditions in the
gain context (Figure 2C). Furthermore, for Group 1, the ARs in
the advantageous conditions were significantly lower than those
in the disadvantageous conditions (Figure 3). For Group 2, the
ARs in the advantageous conditions were significantly lower than
those in the disadvantageous conditions only for unequal offers
(Figure 3, Table 3).

The Decision Processes of the Log RTs and
FRs Affected by the Counterfactual Offers
The results from multiple responders revealed that in the
gain context, the RTs in the disadvantageous conditions were
significantly shorter than those in the advantageous conditions
(Figure 4A). In the loss context, the RTs in the moderately
disadvantageous conditions were significantly shorter than those
in the moderately advantageous conditions (Figure 4B). The
results frommultiple responders showed that in the gain context,
the RTs in both disadvantageous conditions were significantly
shorter than those in both advantageous conditions (Figure 4C).
In the loss context, there was no significant difference of RTs
among the different counterfactual offers (Figure 4D).

The results from multiple responders revealed that in
the gain context, the FRs in the two disadvantageous
conditions were significantly higher than those in the two
advantageous ratings (Figure 5A). In the loss context, the
FRs of the moderately disadvantageous, slightly advantageous
and moderately advantageous conditions decreased in turn,
whereas there was no significant difference in FR between the
two disadvantageous conditions (Figure 5B). The results from
multiple proposers showed that the FRs in the moderately
disadvantageous, slightly disadvantageous, slightly advantageous
andmoderately advantageous conditions decreased progressively
(Figures 5C,D). Furthermore, for unequal offers, the ARs, RTs,
and FRs were related to one another.

The Robust Counterfactual Effects in the
Context Variables
The results of the ARs, RTs, and FRs consistently showed that
the counterfactual effects were significant to the context variables,
such as the gain/loss or multiple responders/proposers contexts
(Figures 2–5).

DISCUSSION

This study used a modified three-person UG with multiple
responders or proposers to investigate how counterfactual
comparisons in gain and loss contexts affect individuals’
perceptions of fairness and decision-making. Consistent with
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FIGURE 2 | The influence of counterfactual offers on the ARs of the responder’s offer for Experiment 1 (A,B) and Experiment 2 (C,D). The first number of

each vector represents the payoff for the proposer, and the second number of each vector represents the payoff for the responder. The error bars from the ANOVAs

represent the standard errors of the means. The asterisk (*) represents the significant difference of the post-hoc Bonferroni tests at the p < 0.05 level.

FIGURE 3 | The influence of counterfactual offers on the ARs of the responder’s offer in distinct strategy groups. The two-step cluster analysis yielded two

groups (BIC = 554.47, RDM = 3.93). Group 1 contained 32 (25.6%) participants, and Group 2 contained 93 (74.4%) participants. The first number of each vector

represents the payoff for the proposer, and the second number of each vector represents the payoff for the responder. The error bars from the ANOVAs represent the

standard errors of the means. The asterisk (*) represents the significant difference of the post-hoc Bonferroni tests at the p < 0.05 level.

previous studies (van ’tWout et al., 2005; Polezzi et al., 2008;
Wright et al., 2011), the results of the two experiments indicated
that the levels of unequal offers influenced people’s fairness
evaluations. More importantly, we found that emphasizing the

counterfactual offers modulated the responders’ willingness to
accept unequal offers. These effects of counterfactuals were
generally robust to the context variables such as the gain/loss or
multiple responders/proposers contexts. In addition, individual
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TABLE 3 | Results of auto-clustering.

Number of

clusters

Schwarz’s

bayesian

criterion (BIC)

BIC

change

Ratio

of BIC

changes

Ratio of

distance

measures

1 766.392

2 554.471 −211.921 1.000 3.925

3 558.044 3.573 −0.017 2.022

4 598.852 40.808 −0.193 1.104

5 643.096 44.244 −0.209 1.260

6 694.151 51.055 −0.241 1.345

7 751.931 57.780 −0.273 1.050

8 810.638 58.707 −0.277 1.306

9 873.695 63.057 −0.298 1.046

10 937.376 63.680 −0.300 1.121

11 1002.521 65.145 −0.307 1.017

12 1067.870 65.349 −0.308 1.116

13 1134.458 66.588 −0.314 1.085

14 1201.881 67.423 −0.318 1.089

15 1270.111 68.230 −0.322 1.258

decision processes, such as the FRs and RTs, were modulated by
the counterfactual offers. In sum, our results are consistent with
the idea that people’s fairness evaluations are influenced by the
specific counterfactuals that they are faced with when making
their evaluations instead of merely comparing the offer to any
form of internalized fairness standard.

Responders’ ARs Influenced by the
Counterfactual Offers
Our research suggests that counterfactual comparisonsmay affect
responders’ willingness to accept offers from proposers. The
results of the two experiments indicate that for unequal offers,
individuals accept less in the gain and loss contexts when they
know that the counterfactual offers to the third player contain
more. Consistent with previous multiple-person UG studies in
which the allocation of a third player with decision power (Knez
and Camerer, 1995; Du et al., 2013; Zheng et al., 2015) or an
average amount (Bohnet and Zeckhauser, 2004; Wu et al., 2011)
were presented, our research showed that people were less likely
to accept an unequal offer if it left them with a more inequitable
payoff relative to their peers, and they demanded less when
they knew that their peers were offered less regardless of the
gain or loss contexts. However, previous studies have found that
responders appeared to ignore a powerless responder when the
latter received less than the responders received, and they cared
about the powerless responder only when both of them were
confronted with inequality, which caused an increase in rejection
rates (Kagel and Wolfe, 2001; Alexopoulos et al., 2012, 2013;
McDonald et al., 2013).

Why do our results differ from these studies even though
the reverse results were found for the ARs when unequal offers
were proposed to the responder and the third player? One
possible reason is that in these three-person UG studies, the
responder had veto power, whereas the third player was a

powerless responder (non-responder) who could not make an
independent decision. Therefore, the responder may not have
regarded alternative offers from the powerless responder as a
comparable reference agent. When both the responder and the
third player received unequal offers, the responder regarded
himself/herself as the representative of the group and the third
player as one of the members of his/her group. In this situation,
the responder may believe that he/she has more responsibility
to maintain the fairness norm and may less frequently accept
unequal offers. In our research, the responder and the third player
had the same payoffs, and both of them could independently
accept or refuse the proposed division. Therefore, the responder
would want to be normatively entitled to earn as much as the
other player in similar circumstances (Festinger, 1954; Bohnet
and Zeckhauser, 2004). Compared with the counterfactual offers
from the third player, unequal offers plus disadvantageous payoffs
increased the responders’ inequality aversion and thus promoted
the rejection of unequal behavior. In contrast, unequal offers plus
advantageous payoffs reduced the responders’ inequality aversion
and thus promoted the acceptance of unequal behavior.

In contrast to unequal offers, when individuals are faced with
equal offers, their willingness to accept equally divided offers
is less subject to the influence of counterfactual comparison.
Considering that most of the participants would like to accept
equal offers (Xiao and Houser, 2005; Dreher et al., 2016), we
speculate that the ARs in equal offer conditions are very high and
reach a ceiling level. The ceiling effect of the ARs from equal offers
may cause the counterfactual offers to no longer have an effect
and to no longer be measured or estimated.

Furthermore, we found that although different response
strategies were used by the two groups, fairness perceptions
in both groups were affected by counterfactual comparisons.
From the results of the cluster analysis, we observed that the
individuals in the two groups had a distinct and common
internalized fairness standard. First, we observed some distinct
behavioral patterns between the two groups. The individuals
in Group 1 tended to reject more unequal offers than the
individuals in Group 2 did, even at a cost to them, to maintain
fairness norms. In addition, the individuals in Group 1 were
more concerned about the counterfactual offers from the third
player. When their offers were disadvantageous compared with
the counterfactual offers, the individuals in Group 1 rejected
more equal or unequal offers regardless of the gain/loss context.
However, the individuals in Group 2 rejected more unequal
offers only in the gain context. Previous studies have found
that facing unequal offers arouses negative emotions and may
cause individuals to reject offers to promote egalitarianism, and
this rationality could inhibit rejection behaviors to protect their
benefits (Zamir, 2001; Winter and Zamir, 2005; Baumeister et al.,
2007). These results are consistent with the idea that emotional
decisions likely dominate Group 1 and rational decisions likely
dominate Group 2. However, we found that the major similarities
between the groups were that the fairness perceptions in both
groups were affected not only by the responder’s offer but also by
the counterfactual comparison. When the counterfactual offers
were more advantageous than the responder’s offers, the ARs of
unequal offers in both groups decreased.
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FIGURE 4 | The influence of counterfactual offers on the log RTs of the responder’s offer in Experiment 1 (A,B) and Experiment 2 (C,D). The first number of

each vector represents the payoff for the proposer, and the second number of each vector represents the payoff for the responder. The error bars from the ANOVAs

represent the standard errors of the means. The asterisk (*) represents the significant difference of the post-hoc Bonferroni tests at the p < 0.05 level.

The Decision Processes of the Log RTs and
FRs Affected by the Counterfactual Offers
Individual decision processes, such as RTs and FRs, are also
modulated by counterfactual offers. According to the previous
literature, in addition to ARs, RTs, and FRs are widely used
indexes of decision processes in UGs (van ’tWout et al.,
2005; Polezzi et al., 2008; Wright et al., 2011; Crockett et al.,
2013; Gradin et al., 2015). FRs may reflect the extent to
which participants perceive an offer as fair or unfair (Moretti
and Di Pellegrino, 2010), whereas faster and slower RTs may
imply greater ease and difficulty, respectively, in fairness-related
decision-making (Wright et al., 2011). Studies have consistently
revealed that ARs, RTs, and FRs are a function of the fairness of
the offer (Wright et al., 2011; Crockett et al., 2013; Gradin et al.,
2015). Our results revealed that with FRs and RTs as indexes,
the participants reported higher FRs and made decisions more
quickly when their offers were better than the counterfactual
offers, even when the responders’ offers were equal offers.
Considering that the ARs, RTs, and FRs were related to one
another in the present study, we can infer that the counterfactual
offers affect fairness perceptions, even of equal offers.

The Effects of Counterfactual Comparisons
Are Robust across Different Contexts
Similar to the results from multiple responders, in our research,
we found that individuals’ decision-making with multiple

proposers was affected by counterfactual comparisons. People
were more likely to reject an unequal offer if it left them with a
more inequitable payoff relative to the other proposer’s payoff,
and they demanded less when they knew that the other proposer
offered less. Consistent with our research, studies have found that
compared with offers that are interleaved with low offers from
other proposers, offers that are interleaved with higher offers
from different proposers are perceived as unfair, and the rejection
rates of objectively identical offers increase (Wright et al., 2011).
This finding indicates that compared with advantageous offers
from other proposers, a disadvantageous offer from the current
proposer may be a negative outcome that increases the aversion
to and rejection of unfairness (Fehr and Schmidt, 1999).

In addition to the different contexts of multiple responders
or proposers, counterfactual effects are robust to the gain/loss
context. Previous two-person UG studies have shown lower FRs
and higher rejection rates for unequal offers in the loss context
than for unequal offers in the gain context (Buchan et al., 2005;
Leliveld et al., 2009; Zhou and Wu, 2011; Guo et al., 2013;
Wu et al., 2014). One possible reason for this finding is that
individuals are inclined to associate loss with “unfairness,” which
leads unequal offers to be perceived as more unfair in the loss
context than in the gain context. This association also leads offers
that have higher perceived unfairness to be rejected in the loss
context (Zhou and Wu, 2011). However, in contrast to a two-
person UG, in our three-person UG, more acceptances overall
occurred in the loss domain than in the gain domain despite the
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FIGURE 5 | The influence of counterfactual offers on the FRs of the responder’s offer in Experiment 1 (A,B) and Experiment 2 (C,D). The first number of

each vector represents the payoff for the proposer, and the second number of each vector represents the payoff for the responder. The error bars from the ANOVAs

represent the standard errors of the means. The asterisk (*) represents the significant difference of the post-hoc Bonferroni tests at the p < 0.05 level.

lower FRs in a three-person UG. One possible explanation is that
in a three-person UG, responders might want to obtain relatively
high payoffs compared with the third player’s outcome. The
responders could not obtain alternative offers from the proposers
because the divisions were made in advance. To increase their
payoffs, accepting the unequal offer might be a way to reduce the
differences between the responder and the third player (Bolton
and Ockenfels, 2000; Bohnet and Zeckhauser, 2004).

LIMITATIONS

There are several limitations associated with the present study.
First, although the participants were instructed that all offers were
from real proposers, the current study employed hypothetical
decision problems. This limitation was based on the difficulty of
inviting hundreds of participants to simultaneously take part in
the study. In addition, we could not ensure that every condition
that we needed would appear if real participants were used.
Moreover, the use of pseudo-subject situations has been widely
adopted in UG studies, especially studies with multi-trials (Zhou
and Wu, 2011; Alexopoulos et al., 2013; Wu et al., 2014). The
findings of these UG studies suggest that fairness perceptions can
be produced and studied using this approach. Thus, we used this
method in our experimental design.

Second, the social comparison between the self and a
third player may have contributed to our findings. Social
comparison usually refers to self-other comparisons or

other-other comparisons (Sandbu, 2007; Brandts and Solà,
2010; Nicklin et al., 2011; Alexopoulos et al., 2013; McDonald
et al., 2013). However, counterfactual comparisons involve
comparisons between the current outcome and a hypothetical
outcome. Despite these differences, there are some relatively
fundamental similarities between the two processes. For
example, both processes are comparative judgments, can occur
automatically or in a controlled fashion, have significant affective
consequences, and fulfill important psychological functions
of self-assessment and self-enhancement (Suls and Wheeler,
2013). These similarities reflect the profound overlap between
the two processes. Therefore, excluding the potential effects of
social comparisons from the counterfactual comparison may be a
direction for future research to explore the specific counterfactual
comparison mechanism in a multiplayer UG game.

CONCLUSION

The results of this study demonstrate that regardless of the gain
or loss context and the use of multiple proposers or responders,
the equal or unequal offers that are given by proposers are not
the only determinants of responders’ judgments of fairness in
a UG. The counterfactual comparisons between two different
offers in similar circumstances also play an important role in
responders’ fairness-related decision-making processes. Fairness
perceptions seem to inherently involve the fairness of social
distribution and the fairness of the counterfactual comparison,
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which could explain the wide-ranging social debates on this issue.
Specifically, such counterfactual comparisons might help explain
the importance of comparative groups in salary negotiations
(Babcock et al., 1996), the efficiency wage for employees in the
labor market (Akerlof and Yellen, 1988), and the resolution of
social conflict (Messick, 1995).

AUTHOR CONTRIBUTIONS

Conceived and designed experiment: QL, YZ, and XL. Data
collection: CW and ZY. Data Analysis: QL. Wrote the paper: QL
and JT.

FUNDING

This research was supported by the National Natural Science
Foundation of China (Grants 31571161, 31200782, 31500872,
and 31640039), the China Scholarship Council, and the National
Social Science Foundation of China (Grants 14ZDB161).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2017.00683/full#supplementary-material

REFERENCES

Akerlof, G. A., and Yellen, J. L. (1988). Fairness and unemployment. Am. Econ.
Rev. 78, 44–49.

Alexopoulos, J., Pfabigan, D. M., Göschl, F., Bauer, H., and Fischmeister, F. P.

(2013). Agency matters! Social preferences in the three-person ultimatum

game. Front. Hum. Neurosci. 7:312. doi: 10.3389/fnhum.2013.00312

Alexopoulos, J., Pfabigan, D. M., Lamm, C., Bauer, H., and Fischmeister, F. P.

(2012). Do we care about the powerless third? An ERP study of the three-person

ultimatum game. Front. Hum. Neurosci. 6:59. doi: 10.3389/fnhum.2012.00059

Babcock, L., Wang, X. H., and Loewenstein, G. (1996). Choosing the wrong pond:

social comparisons in negotiations that reflect a self-serving bias.Quart. J. Econ.
111, 1–19. doi: 10.2307/2946655

Baumeister, R. F., Vohs, K. D., DeWall, C. N., and Zhang, L. (2007). How emotion

shapes behavior: feedback, anticipation, and reflection, rather than direct

causation. Pers. Soc. Psychol. Rev. 11, 167–203. doi: 10.1177/1088868307301033
Bohnet, I., and Zeckhauser, R. (2004). Social comparisons in ultimatum bargaining.

Scand. J. Econ. 106, 495–510. doi: 10.1111/j.1467-9442.2004.00372.x
Bolton, G. E., and Ockenfels, A. (2000). ERC: a theory of equity, reciprocity, and

competition. Am. Econ. Rev. 90, 166–193. doi: 10.1257/aer.90.1.166
Brandts, J., and Solà, C. (2010). Personal relations and their effect on behavior

in an organizational setting: an experimental study. J. Econ. Behav. Organ. 73,
246–253. doi: 10.1016/j.jebo.2009.09.005

Buchan, N., Croson, R., Johnson, E., andWu, G. (2005). Gain and loss ultimatums.

Adv. Appl. Microecon. 13, 1–23. doi: 10.1016/s0278-0984(05)13001-6
Camerer, C. (2003). Behavioral Game Theory: Experiments in Strategic Interaction.

Princeton, NJ: Princeton University Press.

Camerer, C., and Thaler, R. H. (1995). Anomalies: ultimatums, dictators and

manners. J. Econ. Perspect. 9, 209–219. doi: 10.1257/jep.9.2.209
Crockett, M. J., Apergis-Schoute, A., Herrmann, B., Lieberman, M. D.,

Muller, U., Robbins, T. W., et al. (2013). Serotonin modulates striatal

responses to fairness and retaliation in humans. J. Neurosci. 33, 3505–3513.
doi: 10.1523/jneurosci.2761-12.2013

Dreher, J. C., Dunne, S., Pazderska, A., Frodl, T., Nolan, J. J., and O’Doherty, J.

P. (2016). Testosterone causes both prosocial and antisocial status-enhancing

behaviors in human males. Proc. Natl. Acad. Sci. U.S.A. 113, 11633–11638.
doi: 10.1073/pnas.1608085113

Du, X., Zhang, M., Wei, D., Li, W., Zhang, Q., and Qiu, J. (2013). The

neural circuitry of reward processing in complex social comparison:

evidence from an event-related FMRI study. PLoS ONE 8:e82534.

doi: 10.1371/journal.pone.0082534

Dulebohn, J. H., Conlon, D. E., Sarinopoulos, I., Davison, R. B., and McNamara,

G. (2009). The biological bases of unfairness: neuroimaging evidence for the

distinctiveness of procedural and distributive justice. Organ. Behav. Hum.
Decis. Process. 110, 140–151. doi: 10.1016/j.obhdp.2009.09.001

Falk, A., Fehr, E., and Fischbacher, U. (2003). On the nature of fair behavior. Econ.
Inq. 41, 20–26. doi: 10.1093/ei/41.1.20

Fehr, E., and Schmidt, K. M. (1999). A theory of fairness, competition, and

cooperation. Quart. J. Econ. 114, 817–868. doi: 10.1162/003355399556151
Feng, C., Luo, Y. J., and Krueger, F. (2015). Neural signatures of fairness-related

normative decision making in the ultimatum game: a coordinate-based meta-

analysis. Hum. Brain Mapp. 36, 591–602. doi: 10.1002/hbm.22649

Festinger, L. (1954). A theory of social comparison processes. Hum. Relat. 7,
117–140. doi: 10.1177/001872675400700202

Fischbacher, U., Hertwig, R., and Bruhin, A. (2013). How to model heterogeneity

in costly punishment: insights from responders’ response times. J. Behav. Decis.
Mak. 26, 462–476. doi: 10.1002/bdm.1779

Gradin, V. B., Pérez, A., MacFarlane, J. A., Cavin, I., Waiter, G., Engelmann,

J., et al. (2015). Abnormal brain responses to social fairness in depression:

an fMRI study using the ultimatum game. Psychol. Med. 45, 1241–1251.
doi: 10.1017/S0033291714002347

Guo, X., Zheng, L., Zhu, L., Li, J., Wang, Q., Dienes, Z., et al. (2013). Increased

neural responses to unfairness in a loss context. Neuroimage 77, 246–253.

doi: 10.1016/j.neuroimage.2013.03.048

Güroglu, B., van den Bos, W., Rombouts, S. A., and Crone, E. A. (2010). Unfair?

it depends: neural correlates of fairness in social context. Soc. Cogn. Affect.
Neurosci. 5, 414–423. doi: 10.1093/scan/nsq013

Güroglu, B., van den Bos, W., van Dijk, E., Rombouts, S. A., and Crone, E.

A. (2011). Dissociable brain networks involved in development of fairness

considerations: understanding intentionality behind unfairness. Neuroimage
57, 634–641. doi: 10.1016/j.neuroimage.2011.04.032

Güth, W., Schmidt, C., and Sutter, M. (2007). Bargaining outside the lab-

a newspaper experiment of a three-person ultimatum game. Econ. J. 117,
449–469. doi: 10.1111/j.1468-0297.2007.02025.x

Güth, W., Schmittberger, R., and Schwarze, B. (1982). An experimental-

analysis of ultimatum bargaining. J. Econ. Behav. Organ. 3, 367–388.

doi: 10.1016/0167-2681(82)90011-7

Hertwig, R., Fischbacher, U., and Bruhin, A. (2013). “Heuristics in social games,”

in Simple Heuristics in a Social World, eds R. Hertwig, U. Hoffrage, and

The ABC Research Group (New York, NY: Oxford University Press),

39–65.

Kagel, J. H., and Wolfe, K. W. (2001). Tests of fairness models based on equity

considerations in a three-person ultimatum game. Exp. Econ. 4, 203–219.
doi: 10.1023/A:1013290819565

Knez, M. J., and Camerer, C. F. (1995). Outside options and social comparison

in three-player ultimatum game experiments. Games Econ. Behav. 10, 65–94.
doi: 10.1006/game.1995.1025

Leliveld, M. C., Van Beest, I., Van Dijk, E., and Tenbrunsel, A. E. (2009).

Understanding the influence of outcome valence in bargaining: a study on

fairness accessibility, norms, and behavior. J. Exp. Soc. Psychol. 45, 505–514.
doi: 10.1016/j.jesp.2009.02.006

Ma, Q., and Hu, Y. (2015). Beauty matters: social preferences in a three-

person ultimatum game. PLoS ONE 10:e0125806. doi: 10.1371/journal.pone.01

25806

Ma, Q., Hu, Y., Jiang, S., and Meng, L. (2015). The undermining effect of facial

attractiveness on brain responses to fairness in the ultimatum game: an ERP

study. Front. Neurosci. 9:77. doi: 10.3389/fnins.2015.00077
McDonald, I. M., Nikiforakis, N., Olekalns, N., and Sibly, H. (2013). Social

comparisons and reference group formation: some experimental evidence.

Games Econ. Behav. 79, 75–89. doi: 10.1016/j.geb.2012.12.003
Messick, D. M. (1995). Equality, fairness, and social conflict. Soc. Justice Res. 8,

153–173. doi: 10.1007/bf02334689

Moretti, L., and Di Pellegrino, G. (2010). Disgust selectively modulates reciprocal

fairness in economic interactions. Emotion 10, 169–180. doi: 10.1037/a0017826

Frontiers in Psychology | www.frontiersin.org 10 May 2017 | Volume 8 | Article 683

http://journal.frontiersin.org/article/10.3389/fpsyg.2017.00683/full#supplementary-material
https://doi.org/10.3389/fnhum.2013.00312
https://doi.org/10.3389/fnhum.2012.00059
https://doi.org/10.2307/2946655
https://doi.org/10.1177/1088868307301033
https://doi.org/10.1111/j.1467-9442.2004.00372.x
https://doi.org/10.1257/aer.90.1.166
https://doi.org/10.1016/j.jebo.2009.09.005
https://doi.org/10.1016/s0278-0984(05)13001-6
https://doi.org/10.1257/jep.9.2.209
https://doi.org/10.1523/jneurosci.2761-12.2013
https://doi.org/10.1073/pnas.1608085113
https://doi.org/10.1371/journal.pone.0082534
https://doi.org/10.1016/j.obhdp.2009.09.001
https://doi.org/10.1093/ei/41.1.20
https://doi.org/10.1162/003355399556151
https://doi.org/10.1002/hbm.22649
https://doi.org/10.1177/001872675400700202
https://doi.org/10.1002/bdm.1779
https://doi.org/10.1017/S0033291714002347
https://doi.org/10.1016/j.neuroimage.2013.03.048
https://doi.org/10.1093/scan/nsq013
https://doi.org/10.1016/j.neuroimage.2011.04.032
https://doi.org/10.1111/j.1468-0297.2007.02025.x
https://doi.org/10.1016/0167-2681(82)90011-7
https://doi.org/10.1023/A:1013290819565
https://doi.org/10.1006/game.1995.1025
https://doi.org/10.1016/j.jesp.2009.02.006
https://doi.org/10.1371/journal.pone.0125806
https://doi.org/10.3389/fnins.2015.00077
https://doi.org/10.1016/j.geb.2012.12.003
https://doi.org/10.1007/bf02334689
https://doi.org/10.1037/a0017826
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Li et al. Counterfactual Comparison Affects Fairness

Nicklin, J. M., Greenbaum, R., McNall, L. A., Folger, R., and Williams, K. J. (2011).

The importance of contextual variables when judging fairness: an examination

of counterfactual thoughts and fairness theory. Organ. Behav. Hum. Decis.
Process. 114, 127–141. doi: 10.1016/j.obhdp.2010.10.007

Polezzi, D., Daum, I., Rubaltelli, E., Lotto, L., Civai, C., Sartori, G., et al. (2008).

Mentalizing in economic decision-making. Behav. Brain Res. 190, 218–223.
doi: 10.1016/j.bbr.2008.03.003

Radke, S., Guroglu, B., and de Bruijn, E. R. (2012). There’s something about

a fair split: intentionality moderates context-based fairness considerations

in social decision-making. PLoS ONE 7:e31491. doi: 10.1371/journal.pone.

0031491

Sandbu, M. E. (2007). Fairness and the roads not taken: an experimental test of

non-reciprocal set-dependence in distributive preferences. Games Econ. Behav.
61, 113–130. doi: 10.1016/j.geb.2006.11.003

Sanfey, A. G., Rilling, J. K., Aronson, J. A., Nystrom, L. E., and Cohen, J. D. (2003).

The neural basis of economic decision-making in the ultimatum game. Science
300, 1755–1758. doi: 10.1126/science.1082976

Sarlo, M., Lotto, L., Palomba, D., Scozzari, S., and Rumiati, R. (2013). Framing the

ultimatum game: gender differences and autonomic responses. Int. J. Psychol.
48, 263–271. doi: 10.1080/00207594.2012.656127

Shupp, R., Schmitt, P., and Swope, K. (2006). On the role of the

hostage in ultimatum bargaining games. J. Sociol. Econ. 35, 399–411.

doi: 10.1016/j.socec.2005.11.015

Suls, J., and Wheeler, L. (2013). Handbook of Social Comparison: Theory and
Research. New York, NY: Springer Science+Business Media; LLC.

Tabibnia, G., Satpute, A. B., and Lieberman, M. D. (2008). The sunny

side of fairness-preference for fairness activates reward circuitry (and

disregarding unfairness activates self-control circuitry). Psychol. Sci. 19,

339–347. doi: 10.1111/j.1467-9280.2008.02091.x

Thaler, R. H. (1988). Anomalies: the ultimatum game. J. Econ. Perspect. 2, 195–206.
doi: 10.1257/jep.2.4.195

Tomasino, B., Lotto, L., Sarlo, M., Civai, C., Rumiati, R., and Rumiati, R. I. (2013).

Framing the ultimatum game: the contribution of simulation. Front. Hum.
Neurosci. 7:337. doi: 10.3389/fnhum.2013.00337

van ’tWout, M., Kahn, R. S., Sanfey, A. G., and Aleman, A. (2005).

Repetitive transcranial magnetic stimulation over the right dorsolateral

prefrontal cortex affects strategic decision-making.Neuroreport 16, 1849–1852.
doi: 10.1097/01.wnr.0000183907.08149.14

Wang, Y., Zhou, Y., Li, S., Wang, P., Wu, G. W., and Liu, Z. N. (2014). Impaired

social decision making in patients with major depressive disorder. BMC
Psychiatry 14:18. doi: 10.1186/1471-244x-14-18

Winter, E., and Zamir, S. (2005). An experiment with ultimatum

bargaining in a changing environment. Jpn. Econ. Rev. 56, 363–385.

doi: 10.1111/j.1468-5876.2005.00329.x

Wright, N. D., Symmonds, M., Fleming, S. M., and Dolan, R. J. (2011). Neural

segregation of objective and contextual aspects of fairness. J. Neurosci. 31,
5244–5252. doi: 10.1523/jneurosci.3138-10.2011

Wu, Y., Yu, H., Shen, B., Yu, R., Zhou, Z., Zhang, G., et al. (2014). Neural basis of

increased costly norm enforcement under adversity. Soc. Cogn. Affect. Neurosci.
9, 1862–1871. doi: 10.1093/scan/nst187

Wu, Y., Zhou, Y., van Dijk, E., Leliveld, M. C., and Zhou, X. (2011).

Social comparison affects brain responses to fairness in asset division:

an ERP study with the ultimatum game. Front. Hum. Neurosci. 5:131.

doi: 10.3389/fnhum.2011.00131

Xiao, E., and Houser, D. (2005). Emotion expression in human

punishment behavior. Proc. Natl. Acad. Sci. U.S.A. 102, 7398–7401.

doi: 10.1073/pnas.0502399102

Zamir, S. (2001). Rationality and emotions in ultimatum bargaining. Ann. Écon.
Stat. 61, 1–31. doi: 10.2307/20076266

Zheng, L., Guo, X., Zhu, L., Li, J., Chen, L., and Dienes, Z. (2015). Whether others

were treated equally affects neural responses to unfairness in the ultimatum

game. Soc. Cogn. Affect. Neurosci. 10, 461–466. doi: 10.1093/scan/nsu071
Zhou, X., and Wu, Y. (2011). Sharing losses and sharing gains: increased

demand for fairness under adversity. J. Exp. Soc. Psychol. 47, 582–588.

doi: 10.1016/j.jesp.2010.12.017

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2017 Li, Wang, Taxer, Yang, Zheng and Liu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 11 May 2017 | Volume 8 | Article 683

https://doi.org/10.1016/j.obhdp.2010.10.007
https://doi.org/10.1016/j.bbr.2008.03.003
https://doi.org/10.1371/journal.pone.0031491
https://doi.org/10.1016/j.geb.2006.11.003
https://doi.org/10.1126/science.1082976
https://doi.org/10.1080/00207594.2012.656127
https://doi.org/10.1016/j.socec.2005.11.015
https://doi.org/10.1111/j.1467-9280.2008.02091.x
https://doi.org/10.1257/jep.2.4.195
https://doi.org/10.3389/fnhum.2013.00337
https://doi.org/10.1097/01.wnr.0000183907.08149.14
https://doi.org/10.1186/1471-244x-14-18
https://doi.org/10.1111/j.1468-5876.2005.00329.x
https://doi.org/10.1523/jneurosci.3138-10.2011
https://doi.org/10.1093/scan/nst187
https://doi.org/10.3389/fnhum.2011.00131
https://doi.org/10.1073/pnas.0502399102
https://doi.org/10.2307/20076266
https://doi.org/10.1093/scan/nsu071
https://doi.org/10.1016/j.jesp.2010.12.017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

	The Influence of Counterfactual Comparison on Fairness in Gain-Loss Contexts
	Introduction
	Materials and Methods
	Participants
	Attention and Comprehension Checks
	Attention Check
	Comprehension Check

	Procedure

	Results
	Responders' ARs Influenced by the Counterfactual Offers
	The Decision Processes of the Log RTs and FRs Affected by the Counterfactual Offers
	The Robust Counterfactual Effects in the Context Variables

	Discussion
	Responders' ARs Influenced by the Counterfactual Offers
	The Decision Processes of the Log RTs and FRs Affected by the Counterfactual Offers
	The Effects of Counterfactual Comparisons Are Robust across Different Contexts

	Limitations
	Conclusion
	Author Contributions
	Funding
	Supplementary Material
	References


