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with and without sanction) and functional MRI, Spitzeret al. (2007)
showed that when asked to allocate a certain amount of monetary



polarity on the target brain area depended on the central electrode.
The current distribution under HD-tDCS has been partially vali-
dated by empirical data through a MRI-guided� nite element
model (Dattaet al., 2009; Edwardset al., 2013), and recent stud-
ies showed that current density of HD-tDCS falls off with increas-
ing cortical depth (Dattaet al., 2009). The current intensity was
2.0 mA which created~0.5 mA/cm2 peak current density at the
central electrode, and~0.125 mA/cm2 peak current density at the
return electrodes. Stimulation started 8 min before the task, and
was delivered during the entire course of the task (~20 min) with
an additional 30-s ramp-up at the beginning of stimulation and 30-
s ramp-down at the end. The placement of electrodes was the
same for the sham and the cathodal stimulation. However, for the
sham stimulation, the initial 30 s ramp-up was immediately fol-
lowed by the 30-s ramp-down, and there was no stimulation for
the rest of the session (cf. Gandigaet al., 2006; Douglaset al.,
2015). For both the cathodal and sham stimulation conditions, par-
ticipants felt a little uncomfortable initially, but gradually the feel-
ings associated with stimulation became negligible before the task
started, according to our post-experiment interview.

Compared with the conventional bipolar tDCS, HD-tDCS has
been shown to have better spatial focality and prolonged effect
(Dattaet al., 2009; Caparelli-Daqueret al., 2012; Kuoet al., 2013;
Shenet al., 2016). Although HD-tDCS is associated with stronger



from the allocator. If the amount the allocator (i.e., the participant)
allocated to the receiver was less than that minimum amount, a
sanction may or may not be imposed on the allocator, depending on
a prior decision by the computer (see below). To avoid learning
effect, no feedback of earning/loss or sanction was provided. The
participant was also told that a gain round and a loss round would
be randomly chosen and realized after the experiment; this was to
motivate the participant to treat each round equally and indepen-
dently.

Each round began with the presentation of a white� xation cross
against a black background, lasting for 4000 to 6000 ms with a step
of 400 ms (Fig. 1). Then a cue of the total allocation amount (a pic-
ture of 20yuanbill) was presented for 2000 ms, followed by a sen-
tence indicating that punishment threat would be randomly decided
by the computer for this trial. This sentence remained on the screen
for 2000–5000 ms (with a step of 400 ms). Then the decision
(Waive vs. Retain) together with a picture of computer were pre-
sented on the screen for 3000 ms. Speci� cally, ‘Waive’ means the
computer decides that no sanction will be imposed on the current
round, so the participant can allocate as she wishes without worry-
ing about sanction.‘Retain’ means the computer decides to keep the
sanction threat on the current trial. In that case, if the participant’s
allocation was less than the minimum expectation given by the
receiver, the participant would receive a sanction (although he/she
did not know whether he/she was actually sanctioned in a given
trial). Finally, after a 2000-to-4000-ms� xation, a distribution screen
was presented. The participant was required to make the allocation
within 10 s by pressing two buttons to adjust the allocation amount
with a step of 2yuan and a third button to con� rm the allocation.
The allocation was directed to the receiver so that in the gain con-
text the positive points allocated to the receiver would be added to
the receiver’s account, while in the loss context, the negative points
allocated to the receiver would be deducted from the partner’s
account. Button press was counterbalanced across participants. The
initial amount on the side of the participant was either 0 or 20yuan
(0 or � 20 yuan in the loss context) and was counterbalanced across
conditions.

The allocation task consisted of a gain block and a loss block,



indicating that lPFC/lOFC may not play a direct role in mediating
norm compliance in the loss-sharing situation.

To view the data from another perspective, we calculated the
degree of threat-induced (or strategic) compliance for each domain
and each treatment group by subtracting the degree of voluntary
compliance from that of the compliance under sanction threat
(Retain-Waive; cf. Ruffet al., 2013). This analysis is not indepen-
dent of the above analysis for the data in Fig. 2A, but it allows us
to make cross-study comparison (e.g., Ruffet al., 2013). It is clear
from Fig. 2B that disruption of the lPFC/lOFC function reduced the
threat-induced compliance in the gain domain, but not in the loss
domain. To compare threat-induced compliance between the current
study and that in Ruffet al. (2013) (termed“sanction-induced com-
pliance” there), we carried out a two (context: Gain vs. Loss) by
two (treatment: sham vs. cathodal) mixed-design ANOVA for
threat-induced compliance. The two-way interaction between context
and treatment was signi� cant, F1,57 = 6.08, P = 0.017, partial
g2 = 0.10. Pairwise comparison showed that in the gain domain,
cathodal tDCS signi� cantly reduced threat-induced compliance,
t(57) = 3.16, P = 0.003 after Bonferroni-correction for multiple
comparison, replicating Ruffet al. (2013; see their Fig. 2A). By
contrast, the tDCS effect was not signi� cant for the loss domain,
t(57) = 0.34, P > 0.1. Viewed in an alternative way, the difference
in threat-induced compliance between gain and loss domains was
signi� cant only in the sham group,t (28), P = 0.018, not in the
cathodal group,t(29) = 0.98, P > 0.1. This indicated that the� exi-
bility in adjusting one’s strategy across contexts relies causally on
the function of lPFC/lOFC.

Fairness perception is not affected by gain-loss context or
tDCS condition

To test whether participants’ perception of fairness norm was
affected by gain–loss context and tDCS condition, we carried out a
three-wayANOVA with time (before vs. after experiment), context
(gain vs. loss), and tDCS treatment (sham vs. cathodal) as indepen-
dent variable, and the perceived fairness ratings as dependent vari-
able. Due to a technical error, the perceived fairness ratings from 10
participants in the cathodal group and nine participants in the sham



rejection rates in the loss context than in the gain context, suggest-
ing that they were more willing to suffer personal cost to punish
norm violators in the loss context. Using functional MRI, Wuet al.
(2014) further demonstrate that rejecting unfair offers in the loss
domain activate the dorsal striatum, an indication of rewarding and
satisfactory experience (see also De Quervainet al., 2004; Crockett
et al., 2013). It is thus clear from these studies that people have
higher demand for fairness in the loss-sharing context. It is possible
that in the current study, the participants were (implicitly or explic-



and such requirement is abolished in the loss context, probably
because other motivations (e.g., enhanced fairness demand or
harm/guilt aversion) become prominent in loss domain.
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