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Abstract

Neuroimaging studies suggest that the right dorsolateral prefrontal cortex (rDLPFC) is an important brain area involved in fairness-
related decision-making. In the present study, we used transcranial direct current stimulation (tDCS) over the rDLPFC to investigate the
effects of changed cortical excitability on fairness norm enforcement in social decision-making. Participants received anodal, cathodal
or sham stimulation before performing a modified ultimatum game task, in which participants were asked to accept or reject the
proposer’s offer and self-rate the intensity of their anger at offers on a 7-point scale. The results showed that the rejection rate of unfair
offers and anger level were higher in the anodal compared to the sham and cathodal groups and that the level of anger at unfair offers
can predict the rejection rate. Furthermore, the fairness effect of RTs was more prominent in the anodal group than in the sham and
cathodal groups. Our findings validate the causal role of the rDLPFC in fairness-related decision-making through tDCS, suggesting that
strengthening the rDLPFC increases individuals’ reciprocal fairness in social decision-making, both in subjective rating and behaviors.
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Introduction
Fairness is an important principle in human society. Traditional
economic models suggest that individuals are rational and selfish
and thereby tend to seek maximum utility (Edwards, 1954). How-
ever, many studies have found that individuals are also affected
by subjective experiences, such as the perception of unfairness,
which elicits ‘irrational’ behaviors with strong concerns about
others’ benefits and punishing norm violators at the expense of
personal costs (Feng et al., 2015). Simple but sophisticated tasks
using game theory as a framework have been used to study social
decision-making in the laboratory (Rilling and Sanfey, 2011). The
ultimatum game (UG) is a useful experimental tool for examin-
ing individuals’ responses to fairness (Güth et al., 1982). In the
UG, two players must divide a sum of money, with one player
specifying the division (i.e. the proposer). The other player then
has the option of accepting or rejecting this offer (i.e. the respon-
der). If the offer is accepted by the responder, the money will
be distributed as proposed; if rejected, neither individual will
receive any money. Per the self-interest maximization principle,
if motivation is purely based on self-interest, then the responder

will accept any offer. However, previous studies have primarily
shown that responders reject unfair offers (Güth et al., 1982; Güth
and Kocher, 2014), and the rejection rate increases as unfairness
increases (Camerer, 2003). Therefore, rejecting unfair offers in the
UG can be regarded as a prosocial preference in social decision-
making to enforce fairness norms at a personal cost (Knoch and
Nash, 2015; Achtziger et al., 2016).

Researchers have explained the reasons why individuals reject

unfair offers in the UG from different perspectives, such as cog-

nitive, emotional and motivational. The inequity aversion theory

claims that people prefer equitable outcomes and are willing to

forgo some material payoff in favor of more equitable outcomes

(Fehr and Schmidt, 1999). Furthermore, the strong reciprocity

model holds that negative reciprocity reflects prosociality because

individuals who reject an offer sacrifice their own resources to

punish unfair behavior, which may enforce a fair social norm
and promote human cooperation (Bowles and Gintis, 2004). In
addition, the emotion model suggests that negative emotions
caused by unfair offers lead to rejecting behaviors in the UG
(Pillutla and Murnighan, 1996). While the inequality aversion
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theory and strong reciprocity model explain individuals’ obe-
dience to fairness norms from a motivational perspective, the
emotion model explores fairness enforcement behavior from an
emotional perspective (Hu and Mai, 2021). The dual-system the-
ory integrates cognitive and emotional factors in social decision-
making (Evans, 2003; Lieberman, 2007). This theory posits that
there are interactions between two systems in the processing
of social decision-making—a more intuitive, bottom-up emo-
tional system, associated with automatic processes, and a more
deliberate, top-down rational system, associated with controlled
processes (Loewenstein and O’Donoghue, 2004). Under the frame-
work of the dual-system theory, there are two explanations for
the rejection of unfair offers in the UG. The first explanation sug-
gests that the pursuit of self-interest by accepting any offer is
an automatic response. Therefore, the deliberate system is trig-
gered to override selfish impulses to comply with fairness norms
when rejecting unfair offers (Myrseth et al., 2009; Martinsson et al.,
2014). Another explanation suggests that the pursuit of fairness
by rejecting unfair offers is an automatic response. Therefore, the
deliberate system is involved in controlling this impulse to max-
imize personal interests by accepting unfair offers (Rubinstein,
2007; Rand et al., 2012). Both hypotheses have been substanti-
ated with empirical evidence (Van’t Wout et al., 2010; Dunn et al.,
2012; Achtziger et al., 2016); however, there is no consensus on
which goal, self-interest or fairness enforcement, is the prepotent
response of social decision-making (Sütterlin et al., 2011; Halali
et al., 2014; Bear and Rand, 2016).

Recent studies have applied brain imaging and brain stim-
ulation methods to explore the neural substrates of cognitive
and emotional processes involved in fairness-related decision-
making and found that the right dorsolateral prefrontal cortex
(rDLPFC) plays a crucial role in the trade-off of motivational con-
flict between economic self-interest and fairness norm enforce-
ment (Sanfey et al., 2003; Knoch et al., 2006; Baumgartner et al.,
2011; Buckholtz and Marois, 2012; Hu et al., 2016). This brain
area is thought to be related to executive control, goal mainte-
nance, inhibition of prepotent responses and emotional regula-
tion, particularly in response to social pain situation (Miller and
Cohen, 2001; Knoch and Fehr, 2007; Zhao et al., 2021). Previous
neuroimaging studies have shown that the rDLPFC is strongly
involved in the regulation of individual responses to unfair offers
in the UG (Sanfey et al., 2003). For example, Sanfey et al. (2003)
found that the rDLPFC was activated when responders decided
whether to accept or reject an unfair offer, and they interpreted
this finding as a cognitive goal of accumulating asmuchmoney as
possible during the task. Therefore, they suggest that when faced
with unfair offers, people’s prepotent response is to reject them.
Further, rDLPFC activity is involved in controlling this impulse to
gain more resources in social decision-making.

However, researchers have another perspective on the prepo-
tent response of individuals in making social decisions. Knoch
et al. (2006) found that after disrupting the rDLPFC through low-
frequency repetitive transcranial magnetic stimulation, individu-
als were more willing to accept unfair offers in a shorter response
time during the UG. This finding suggests that the rDLPFC plays
a role in overriding humans’ selfish impulses to maintain and
enforce the fairness norm. Findings from other studies support
this hypothesis (Knoch et al., 2010; Baumgartner et al., 2011;
Cheng et al., 2015). For example, Knoch et al. (2010) demonstrated
that resting-state alpha activity in the rDLPFC is positively corre-
lated with the rejection of unfair offers in the UG. Furthermore,
Baumgartner et al. (2011) indicated that when fairness and eco-
nomic self-interest are in conflict, participants who make costly

normative decisions at a much higher frequency display signifi-
cantly higher activity in the DLPFC. In addition, Cheng et al. (2015)
demonstrated that greater DLPFC activity was observedwhen par-
ticipants rejected, rather than accepted, unfair offers in the UG.
Moreover, another study using transcranial direct current stim-
ulation (tDCS) found that the rDLPFC is most likely involved in
inhibiting self-interest when individuals are confronted with a
direct reward (Constantin et al., 2019). Taken together, respon-
ders in the UG need to deal with a conflict between fairness goals
and self-interest. Thus, the questions are as follows: Which of
these should be given priority? And which motivational impulse
should be controlled? To answer these questions, we modified
the cortical excitability of the rDLPFC using tDCS to examine
how rDLPFC activity affects responders’ decisions in the UG. tDCS
is a noninvasive neuromodulatory technique that delivers weak
electrical currents through a pair of electrodes placed on the
scalp. The electrical currents affect the excitability of cortical
neurons beneath the electrodes in a polarity-dependent fash-
ion: anodal stimulation typically enhances neural excitability,
whereas cathodal stimulation reduces it (Jacobson et al., 2012;
Filmer et al., 2014). Researchers found that the activation time of
the cerebral cortex depends on the intensity and duration of stim-
ulation. These effects were quite stable with the change in activity
of the cerebral cortex, lasting for up to 1 hour after stimulation
(Jacobson et al., 2012).

In the current study, we applied tDCS over the rDLPFC during
a repeated one-shot UG to reveal the causal contribution of this
region to fairness-related decision-making and verify whether the
fairness preference is an automatic response or control process-
ing. If the rDLPFC is involved in fairness norm enforcement, which
requires overriding selfish impulses, enhancing neural excitabil-
ity of this brain region would increase the rejection rate and
reaction time for unfair offers, while disruption of this region
should decrease the rejection rate and reaction time of unfair
offers relative to the sham-stimulation condition. Alternatively, if
rDLPFC activity is involved in cognitive control related to the inhi-
bition of fairness impulses, enhancing neural excitability of this
brain region would decrease the rejection rate and reaction time
of unfair offers, while disrupting this region should increase the
rejection rate and reaction time of unfair offers relative to the
sham-stimulation condition. Therefore, the two hypothesesmake
opposite predictions of how tDCS in the rDLPFC will affect the
responder’s behavior in the UG.

Materials and methods
Participants
Eighty-one healthy university students (50 females) with a mean
age of 21.4 years (s.d.=1.9) participated in the study. None of
the participants had a psychiatric or neurological history or took
medications at the time of testing. All participants provided writ-
ten consent and were paid for their participation. The study
protocol was approved by the Institutional Review Board of the
Department of Psychology at Renmin University of China. All
participants were naïve to tDCS and the experimental tasks. Par-
ticipants were randomly assigned to three stimulation groups
(30 in anodal, 25 in cathodal and 26 in sham). Data from four
participants were excluded because they did not seriously assess
their emotions during the anger intensity rating phase of the task
(see below for more details). After this exclusion, data from 77
participants [anodal (n=27), cathodal (n=25) and sham (n=25)
tDCS] were analyzed. An a priori sample size estimation was con-
ducted using G*Power v.3.1 (Faul et al., 2009). According to the
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Fig. 1. Computational model of tDCS-induced electric field. A simulation of the electrical field induced by tDCS over the rDLPFC was computed using
Comets2. The anode or cathode (35 cm2) was placed over the rDLPFC corresponding to F4 electrode according to the 10–20 EEG system. The colors
denote the simulated electrical potential.

analysis [d=0.25, α=0.05, β=0.9, analysis of variance (ANOVA):
repeated measures, within-between interaction], a total sample
size of 54 participants was required to detect a reliable effect.

tDCS parameters
tDCS was applied using a battery-driven direct current stimu-
lator (NeuroConn, Germany) and two sponge electrodes (area:
5 × 7 cm each) soaked in saline solution. For the rDLPFC stimu-
lation, the active electrode was placed on F4, according to the
international 10–20 EEG system (Knoch et al., 2008; Gross et al.,
2018; Speitel et al., 2019), and the reference electrode was placed
over the left cheek. In the anodal and cathodal groups, stimula-
tion was applied at an intensity of 1.5mA for 20min. In the sham
group, stimulation was applied for 15 s, and the electrodes were
similarly placed for the other two groups for 20min. Participants
were blinded to the tDCS parameters. At the stimulation onset,
the fade-in and fade-out times were both 15 s. The result of a
simulation of electrical activity as induced by the tDCS setup is
shown in Figure 1 using the ‘Comets2’ toolbox for MATLAB (Lee
et al., 2017).

Experimental procedure
After the stimulation, participants were asked to participate as
a responder in the UG on the computer. They received 150 mon-
etary offers proposed by different volunteers in a database. As
illustrated in Figure 2, each trial began with a fixation cross pre-
sented on the screen for 500ms. Then, a picture of a 10-yuan bill
appeared for 1000ms, indicating that the initial total amount was
10 yuan. After the fixation presented for a randomized period
of time between 800 and 1500ms, the offer was presented for
2000ms, depicting a distribution of 10 yuan between the pro-
poser and the responder (participant). When the text ‘Accept’
and ‘Reject’ appeared on the screen, participants were required to
make a choice by pressing the F or J key on the keyboard with their
left or right index finger. Pressing the F key represented accepting
the offer, and pressing the J key represented rejecting the offer.
After participants made a choice, the outcome appeared as feed-
back for 1000ms. If participants accepted the offer, the money
was split as proposed. If rejected, neither player received any-
thing. In addition, when a ‘rating’ screen appeared, participants
were asked to evaluate the intensity of their anger at the current
offer on a scale from 1 (not at all) to 7 (very intense). The emotion

rating occurred randomly five times for each type of offer. Among
all participants, one participant rated ‘1’ for all types of offers,
one participant rated ‘7’ for all types of offers and two participants
rated being angrier about fair offers than unfair offers. We believe
that these four participants did not seriously rate their emotions;
thus, their data were excluded from further analyses.

The entire task was divided into three blocks of 50 trials each
with a brief break between blocks. There were 30 trials for each
of the two fair offers (5–5, 6–4), 30 trials for each of the two unfair
offers (8–2, 9–1) and 30 trials for filling offers (7–3). The 3–7 offer
was not included in the data analysis because previous studies
reported that responders in the UG held diverse opinions about
whether this offer could be considered fair (Halko et al., 2009;
Hewig et al., 2011; Hu and Mai, 2021; Luo et al., 2014), result-
ing in difficulty classifying this type of offer. Unknown to the
participants, all offers they received were generated by the com-
puter program rather than actual people in a random sequence.
Before the formal task, participants completed 10 practice tri-
als to familiarize themselves with the UG task. The entire task
lasted for about 15min. Before the experiment, participants were
informed that they would be paid 30 Chinese yuan for their par-
ticipation and the cumulative outcome based on their decisions
during the task. Upon finishing the experiment, each participant
was paid roughly 60 Chinese yuan, regardless of their decisions
in the UG task. Participants were also asked about the plausi-
bility of the cover story, and no participant expressed suspicion
about it. The stimuli were presented and behavioral data were
recorded using E-Prime 2.0 software (PST, Inc., Pittsburgh, PA,
USA).

Data analysis
The rejection rates, reaction times (RTs) and anger intensity
ratings were each analyzed using a mixed two-way repeated-
measures analysis of variance (ANOVA) with one between-
subjects factor (tDCS group: anodal, cathodal and sham) and one
within-subject factor (the fairness of the offer: fair and unfair).
Post hoc testing of significant main effects was performed using
Bonferroni adjustments. A simple effect analysis was used to test
for significant interactions. Partial eta-squared (ηp

2) values were
calculated to indicate the effect size in the ANOVA models, with
0.05 representing a small effect, 0.1 representing a medium effect
and 0.2 representing a large effect (Cohen, 1973). All statistical
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Fig. 2. Schematic illustration of a single trial of the multi-round one-shot UG task.

analyses were conducted using SPSS 24.0 (SPSS Inc., Chicago, IL,
USA). To evaluate the relationship between behavioral responses
and self-reported emotions, Pearson correlation coefficient was
calculated between rejection rates of unfair offers and anger
intensity ratings among all participants.

Results
Rejection rates
The rejection rates for each condition are shown in Figure 3A.
An ANOVA of the rejection rates revealed a reliable main effect
of fairness, F(1,74)=279.64, P<0.001, ηp

2 =0.791, indicating that
the rejection rate of unfair offers (M± s.d., 0.69±0.31) was higher
than that of fair ones (0.17±0.21). The main effect of the tDCS
group was also significant, F(2,74)=3.21, P=0.046, ηp

2 =0.08.
Notably, the interaction effect of the tDCS group× fairness was
statistically significant, F(2,74)=4.86, P=0.01, ηp

2 =0.116. A
simple effect analysis was conducted to investigate the interac-
tion. The results showed a tDCS effect on the unfair condition,
F(2,74)=5.22, P=0.008, ηp

2 =0.124, but not on the fair condition,
F(2,74)=0.68, P=0.511, ηp

2 =0.018. Post hoc comparisons showed
that the rejection rate of unfair offers was higher in the anodal
group (0.84±0.20) than in the sham group (0.61±0.31, P=0.020)
or the cathodal group (0.61±0.35, P=0.021), while no difference
was found between the cathodal and sham groups (P=1.000).

Anger intensity ratings
The anger intensity ratings for each condition are shown in
Figure 3B. The ANOVA of the anger intensity rating showed
that the main effect of fairness was statistically significant,
F(1,74)=130.17, P<0.001, ηp

2 =0.638, indicating that participants
experienced more intensive anger at unfair offers (4.00±1.31)
than fair offers (2.79±1.19). The main effect of the tDCS
group was not statistically significant, F(2,74)=0.62, P=0.539,
ηp

2 =0.017. The interaction effect of the tDCS group× fairness
was statistically significant, F(2,74)=8.41, P=0.001, ηp

2 =0.185.
Consequently, a simple effect analysis was conducted to inves-
tigate this interaction. The results showed that the tDCS effect

was not statistically significant in the fair condition, F(2,74)=0.16,
P=0.856, ηp

2 =0.004 but marginally significant in the unfair con-
dition, F(2,74)=3.06, P=0.053, ηp

2 =0.076. Post hoc comparisons
showed that anger intensity in the unfair condition tended to
be higher in the anodal group (4.48±1.26) than in the cathodal
group (3.66±1.28, P=0.071), but there was no difference between
the anodal group and the sham group (3.81±1.29, P=0.189) or
between the cathodal and sham groups (P=1.000).

Furthermore, to verify the emotion model of fairness pro-
cessing, we examined whether the increase in individuals’ anger
intensity ratings was associated with a corresponding increase in
rejection rates of unfair offers. A Pearson correlation analysis was
conducted between the anger intensity rating and the rejection
rate of unfair offers. The results showed a positive correlation
between the anger intensity rating and rejection rate (r=0.228,
P=0.047). To test whether anger intensity could predict rejec-
tion rate, a simple linear regression analysis was conducted. The
results showed that the effect of anger intensity on the rejection
rate was statistically significant, β=0.228, t=2.024, P=0.047;
R2=0.052, adjusted R2=0.039, F(1, 75)=4.096, P=0.047. The
scatter plot is shown in Figure 4. Individuals who were angrier
at unfair offers were more likely to reject them.

Reaction times
Figure 5 illustrates the RTs of each condition. A significant main
effect of fairness, F(1,74)=58.09, P<0.001, ηp

2 =0.44, indicating
that the RT in the unfair condition (M± s.d., 1456.75±490.86ms)
was longer than in the fair condition (1193.73±344.46ms). Impor-
tantly, a significant interaction effect emerged between tDCS
treatment and fairness, F(2,74)=3.41, P=0.038, ηp

2 =0.084. Con-
sequently, a simple effect analysis was conducted to investi-
gate the interaction. Findings revealed that individuals in all
three tDCS groups responded more slowly in the unfair con-
dition than the fair condition [anodal: F(1,74)=44.56, P<0.001,
ηp

2 =0.376; sham: F(1,74)=10.71, P=0.002, ηp
2 =0.126; catho-

dal: F(1,74)=11.17, P=0.001, ηp
2 =0.131]. We further subtracted

the RT in the unfair condition from the RT in the fair condition
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Fig. 3. Mean rejection rates (A) and anger intensity ratings (B) in the fair and unfair conditions for three tDCS groups. Error bars indicate standard
error of the mean (SEM). †P<0.1, *P<0.05, ***P<0.001.

Fig. 4. Linear regression of rejection rate as a function of the anger
intensity rating in the unfair condition.

to reflect the fairness effect and compared the fairness effect
between the three tDCS groups using a one-way ANOVA. Results
showed a significant main effect of tDCS group, F(2,74)=3.41,
P=0.038, ηp

2 =0.084. Post hoc comparisons showed that the fair-
ness effect in the anodal group (384.00±414.92ms) marginally
larger than that in the sham group (195.60±189.39ms, P=0.078)
and the cathodal group (199.76±230.45ms, P=0.088), but there
was no difference between the sham group and the cathodal
group (P=1.00).

Discussion
This study aimed to explore the effect of changing rDLPFC
excitability on individuals’ fairness-related decision-making
through tDCS stimulation. The results showed that the rejection
rate of unfair offers and anger level were higher in the anodal
compared to the sham and cathodal groups. Furthermore, the
level of anger at unfair offers can predict the rejection rate. Addi-
tionally, the fairness effect of RTs was more prominent in the
anodal group than in the sham and cathodal groups. Our results

Fig. 5. Mean RTs in the fair and unfair conditions for three tDCS groups.
Error bars indicate SEM. †P<0.1, **P<0.01, ***P<0.001.

support the controlled-processing hypothesis of the dual-system
theory. Specifically, increasing the cortical excitability of the
rDLPFC strengthens the inhibition of self-interest impulses, which
promotes the processing of fairness, in turn, increasing fairness
behavior and the maintenance of social norms.

The finding that individuals were more likely to reject unfair
offers than fair offers was consistent with the findings in prior
studies (Camerer, 2003). Importantly, enhancing the rDLPFC with
anodal tDCS increased the rejection rates of unfair offers. This
finding indicates that individuals need more cognitive control to
override selfish impulses in social dilemmas that contain moti-
vational conflict between economic self-interest and social norm
enforcement. Enhancing the rDLPFC inhibits their self-interest
motives by strengthening cognitive control, thus enabling people
to implement and maintain fairness norms (Baumgartner et al.,
2011). In contrast, responders in the UG perceive fair offers as
rewards, which are in accordance with both self-interest and
social motives, so they simply accept these offers without much
motivational conflict (Feng et al., 2015).

Furthermore, the response-time difference between the unfair
and fair conditions across tDCS groups is consistent with previous
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findings (Knoch et al., 2006). Interestingly, in the current study, an
enhanced fairness effect was found in the anodal group for RTs.
For individuals in the anodal group, fair offers were in their self-
interest and strengthened fairness motive, and thus they quickly
accepted them. In contrast, for unfair offers, there was a conflict
between self-interest and fairness motives, resulting in increased
reaction time. Individuals with rDLPFC enhancement appeared
to be more able to resist the temptation to be selfish and make
decisions to maintain social fairness norms in a deliberate way.
Our findings are in line with those of previous studies, which
found that fairness preference was weakened by rTMS interfer-
ence in the rDLPFC (Knoch et al., 2006). Therefore, the findings
of this study suggest that in a mix-motivated situation, self-
interest impulses have a stronger impact on behavior, and social
norm enforcement is a controlled process. Furthermore, in this
study, the tDCS approach was used, which enabled us to reveal
the causal role of rDLPFC activity in complying with the fairness
norm when self-interest and fairness goals are in conflict. This
strongly supports the fairness preference controlled-processing
hypothesis of the dual-system theory. The controlled-processing
hypothesis postulates that fairness preferences are products of
the deliberation process that overrides self-interest motivation
(Martinsson et al., 2014).

Knoch et al. (2006) reported that individuals were more likely
to accept unfair offers after rDLPFC interference by TMS. In the
present study, however, we did not detect the effect of catho-
dal tDCS, which suppressed the rDLPFC. This may be because
many higher-level cognitive functions do not occur in a single
brain region. When the activity of one hemisphere is disturbed,
the other hemisphere may compensate and partially control the
activity, thus weakening the inhibitory effect of tDCS. Therefore,
the cathodal effect is not as stable as the anodal effect (Jacobson
et al., 2012). In addition, the stimulation intensity of tDCS is far
less than that of TMS; thus, tDCS cathodal stimulation may be
unable to achieve the effect of TMS stimulation. Finally, previ-
ous studies have demonstrated that behavioral and perceptual
effects of tDCS are determined by initial neural activation state
(Grosbras and Paus, 2003; Campana et al., 2006; Silvanto et al.,
2008). When individuals participate in cognitive experiments,
initial state of neurons in their corresponding brain regions is
highly activated. Therefore, it is difficult to inhibit the cortical
excitability of these regions. In the present study, the rDLPFC was
highly activated when individuals processed fairness information
of received offers in the UG, and thus it was hard to suppress the
neural activation of the rDLPFC by cathodal tDCS.

To shed light on the psychological processes underlying such
behaviors in fairness-related decision-making, we also asked par-
ticipants to evaluate their anger about the currently received
offer. We found that participants were angrier about unfair offers
after anodal stimulation of the rDLPFC. On the one hand, since the
rDLPFC is associated with implementing fair behavior, enhancing
this brain region would make people place more controls on self-
ish impulses and pay more attention to the fairness norm (Klaus
et al., 2012; Buckholtz, 2015; Chen et al., 2019). In this condition,
they regarded unfair offers as a barrier to fairness goal achieve-
ment and, thus, felt more intense anger. On the other hand, the
rDLPFC is also related to perceptions and awareness of fairness.
On enhancing this brain region, individuals may be stricter with
the evaluation of fairness. Therefore, participants will perceive
greater deviation in their judging standard and become angrier.

By combining psychological processes and behavioral patterns,
in this study, we found that in the face of unfair offers, the
degree of anger was positively correlated with the rejection rate,

which supported the emotion model. Using skin conductance
recordings, Van’t Wout et al. (2006) found that individuals had
stronger emotional arousal when rejecting unfairness. Another
study also found a positive correlation between the rejection of
unfairness and self-reported anger (Srivastava et al., 2009). The
brain imaging study also provided supporting evidence that in
the UG, unfair offers activated brain regions associated with emo-
tion processing, such as the anterior insula. Notably, participants
with stronger anterior insula activation to unfair offers rejected
a higher proportion of unfair offers (Sanfey et al., 2003). There-
fore, our study indicates a dynamic process combining cognitive
and affective factors in fairness-related decision-making. Specif-
ically, enhancing rDLPFC activity increases cognitive control on
selfish impulses, thus resulting in decision makers regarding fair-
ness as a primary goal or using stricter fairness-judging standards
that elicit more intensive anger about unfair offers; thus, they are
more willing to reject such offers in a deliberate way.

This study has several limitations. First, we did not consider
individual differences, which may have had moderating effects
on decision-making in the UG. Previous studies found that a per-
sonwith strong prosocial preferencesmay not need self-control to
act in a prosocial way, whereas a strongly selfish individual may
need self-control to act in a prosocial way (Bieleke et al., 2016).
Second, we did not assess participants’ perceptions of fairness. In
this study, the anger level was enhanced in the anodal stimula-
tion group. This change may be due to the enhanced perception
of fairness caused by increased DLPFC activity, which indirectly
affected emotion. Finally, this study focused only on negative
emotions. However, previous studies have shown that individuals
experience different emotions during the UG (Tabibnia et al., 2008;
Hu and Mai, 2021). If we assessed emotions of different valence
for receiving offers, we would obtain more information about
the relationship between individuals’ emotional experiences and
fairness enforcement behaviors. In addition, individuals exhibit
different fairness preference in social decision-making. It is rea-
sonable to speculate that individuals may have different emo-
tional experiences when faced with the same type of offer, which
can affect their fairness preference represented by their behav-
iors (Ketelaar and Koening, 2007; Paivio, 2007; Frank et al., 2009).
Future research should address how such factors modulate the
tDCS effect on fairness-related decision-making.

In conclusion, this study validates the causal role of the
rDLPFC in fairness-related decision-making through tDCS, sug-
gesting that strengthening the rDLPFC increases individuals’
reciprocal fairness in social decision-making, both in subjective
rating and behaviors, which provides strong evidence for the
controlled-processing hypothesis of the dual-system theory.
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