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Abstract
Altruistic punishment are primary responses to social norms violations, its neural mechanism has also
attracted extensive attention from researchers. In the present studies, we applied a low-frequency
repetitive transcranial magnetic stimulation (rTMS) to the bilateral dorsolateral prefrontal cortex (DLPFC)
while participants engaged in a modi�ed Ultimatum Game (UG) (Study 1) and a modi�ed third-party
punishment game (Study 2) to probe the neural mechanisms affecting decision-making in altruistic
punishment. Normally punishers intervene more often against and show more social outrage towards
Dictators/Proposers who unfairly distribute losses than rather those who unfairly share gains. We found
that disrupting the function of the left and right DLPFC with rTMS effectively obliterated this difference,
making participants punish unfairly shared gains as often as they normally would punish unfairly shared
losses. The inhibition of the DLPFC function will lead to the deviation of individual information
integration ability and in�uence the moderating effect of gain and loss contexts on altruistic punishment.
Our �ndings emphasize that DLPFC is closely related to altruistic punishment and provide causal
neuroscienti�c evidence.

1 Introduction
The development of human society is based on social fairness norms. When the social fairness norms
are violated, people will response to it. This "response" is usually proposed by the "second party" or third
party observer involved in the speci�c interaction (Fehr & Fischbacher, 2004). The second parties are
directly involved in the socially unfair event and are directly affected by the speci�c behavior that violated
fairness norms (Halevy & Halali, 2015). Their rejection of an unfair offer is regarded as an
punishment, the punishment is altruistic,because they will not get any bene�t after rejecting the unfair
offer (Fehr & Fischbacher, 2004). The third parties are an uninvolved outsider who happens to know
about, observe, or assess and address the fairness violation, a party whose economic payoffs are
generally unaffected by the speci�c bad act (Oswald et al., 2010). As such, second-party punishment and
third-party punishment for the bene�t of society at large can be thought of as “altruistic punishments,” as
they confer no direct material bene�t on the adjudicator (Sääksvuori et al., 2011). Evolutionary models
and empirical evidence suggest that altruistic punishment has been a vital force in the evolution of
human fairness (Fehr & Fischbacher, 2003). 

Researchers believe that altruistic punishment was one form of strong reciprocity established during
evolution (House et al., 2020; Fehr & Fischbacher, 2003). Fairness and reciprocity norms motivate
bystanders to act (almost re�exively) at a considerable cost to themselves (Org, 2010). Society relies on
“strong reciprocators,” people who act to enforce norms without direct rewards (Gintis, 2003; Fehr et al.,
2002). According to the theory of strong reciprocity, long-term widespread fairness and cooperation are
made possible by the presence of “strong reciprocators” keeping everyone in line (Buckholtz & Marois,
2012). 
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Nowadays, more and more researchers began to pay attention to the brain mechanism of maintaining
fairness. Neuroimaging studies have identi�ed, for example, the insula (Sanfey et al., 2003; Güroğlu et al.,
2010; Kirk et al., 2011) and dorsal striatum, which are activated when someone rejects an unfair offer
(second-party punishment) (de Quervain et al., 2004; Baumgartner et al., 2008). Moreover, rejecting unfair
proposals requires a (small) personal cost and the suppression of sel�sh impulses, which is done by the
DLPFC (Buckholtz et al., 2008; Baumgartner et al., 2011, 2012). When it comes to personal interest
motives, the DLPFC may refer to the mediation of economic exchanges (Knoch et al., 2006, 2008). The
DLPFC also plays a key role in third party punshment for maintaining fairness. It is concerned with
central executive network and likely responsible for converting the social evaluation into a decision to act
and punish (Buckholtz & Marois, 2012). The bilateral activity of the DLPFC could also perform an
inhibitory action within the executive network when planning punishment behaviors (Krueger & Hoffman,
2016).The DLPFC plays a crucial, �nal-stage role, both in integrating mental state information, assessing
the victim’s harm, and selecting a suitable punishment (Ginther et al., 2016). And researchers have
claimed that the region acts as a superordinate node supporting the integration of signals so individuals
can select an appropriate punishment decision or action (Buckholtz et al., 2008, 2015; Treadway et al.,
2014). 

In recent years, researchers have also noted the function lateralization of DLPFC. The right DLPFC is
recruited when participants decide whether to punish a partner by rejecting an unfair economic deal that
the partner proposes (Sanfey et al., 2003). The right DLPFC is strongly activated by the decision to punish
violations of norms based on a sensitive assessment of the transgressor's culpability (Buckholtz et al.,
2008). And it has also been consistently associated with altruistic punishment, valuation judgments, and
fairness (Moll et al., 2005; Guo et al., 2013). Other research suggests that the left DLPFC is involved in
weighing and rejecting unfair offers, which supports the idea that the DLPFC incorporates some
normative idea of in-born socially related fairness, by overriding one’s impulse to take something rather
than nothing at all (something a strictly rational actor might do) to enforce some sort of social fairness
norm (Güroğlu et al., 2010). The left DLPFC was shown to evince high spikes in activation when a third
party punished another person rather than when the participant was just observing an act of punishment
(Buckholtz et al., 2008), and the left DLPFC has also been found to be related to executive function and
impulse control (Ochsner et al., 2002; Figner et al., 2010; Barbey et al., 2012). Thus, both sides of DLPFC
are likely involved in altruistic punishment. 

However, social fairness cannot be separated from economic gains and losses. Most of the studies were
on participants who adjudicated norm violations among unfairly shared gains (the gain context), people's
reactions to violating social norms in loss context also need to be further explored. The latter situation
commonly appears in human society, for example in the liquidation of a bankrupt enterprise. Previous
studies have found that the functions of bilateral DLPFC are different in the gain and loss contexts. The
left DLPFC activated in association with rejecting offers (vs. accepting them) in the loss context, but not
in the gain context (Guo et al., 2013). Activations in DLPFC were enhanced in the loss context (Wu et al.,
2014). In the third-party punishment, participants were more inclined to choose to altruistically punish
Dictators in the loss context than in the gain context (Liu et al., 2017; 2019). But the neural signatures
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associated with third-party punishment have not been fully elucidated. The decision-making in altruistic
punishment across the gain and loss contexts might be related to functional DLPFC lateralization.
Lesions in the left DLPFC can inhibit and hinder many foundational cognitive operations: concept
formation skills, especially in terms of problem-solving skills; labeling attributes in verbal and visual
domains; inhibiting previous responses; cognitive �exibility; and lesions in the DLPFC have been shown to
weaken one’s ability to elucidate and explain abstract concepts (Delis, 2001; Latzman & Markon, 2010).
rTMS studies support the dissociation of the right DLPFC from the left’s functions. Destruction of the
DLPFC on the right reduces an individual's willingness to reject unfairness, even if they believe it to be
very unfair (Knoch et al., 2006). An inhibited or underactive DLPFC may directly affect people's responses
regarding enforcing normative fairness. We hypothesize that DLFPC disruption will lead to different
altruistic punishment decisions when adjudicating malefactors in both the gain and loss contexts. 

To pursue this research aim, of localizing the neural architecture of altruistic punishment and testing its
behavior under disruption, we applied low-frequency transcranial magnetic stimulation to the
participants’ right DLPFC or their left DLPFC for 20 minutes, or we presented them with “sham TMS” who
then acted as either second party (recipient) or third-party (judge/bystander) responders to events of
social unfairness. Low-frequency rTMS for several minutes leads to a suppression of activity in the
stimulated brain regions that outlast the duration of the rTMS train for about half of the duration of the
stimulation (Baumgartner et al., 2011). Taken together, in the present research, we used a modi�ed UG
(Study 1) (Guo et al., 2013; Wu et al., 2014) and a modi�ed third-party punishment game (Study 2) (Liu et
al., 2017; 2019), and applied rTMS to investigate the neural mechanism generating differences between
second-party punishment and third-party punishment decision-making between the gain and loss
contexts. Speci�cally, we expected this research could provide help to illuminate how the norm violation
being perceived would affect the neural processing going into an altruistic punishment.

2 Study 1 Disrupting Dorsolateral Prefrontal Cortex In�uence On The
Difference Of Second-party Punishment Decision-making Between
The Gain And Loss Contexts
2.1 Method

2.1.1 Participants

A power analysis (G*Power 3.1, effect size f² = 0.2, power=0.95, α=0.05) suggested that 54 participants
could detect signi�cant effects with 95% statistical power (Bezerra et al. 2019; Faul et al. 2007;
Folwaczny et al. 2021). Finally, sixty healthy students participated in the study (24 males, mean age =
21.52, SD = 2.75, the age range is 18-26). Among them, 20 participants (8 males, mean age = 21.70, SD =
2.49) were stimulated with left DLPFC. 20 participants (8 males, mean age = 20.70, SD = 2.58) were
stimulated with right DLPFC. 20 participants (8 males, mean age = 22.1, SD = 3.20) were assigned
randomly to the sham stimulus group. There was no signi�cant difference in age among the three
groups, F (2, 57) = 0.67, p = 0.519. All participants were right-handed according to the Edinburgh
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Handedness Inventory (Old�eld, 1971), had normal or corrected to normal vision, and had no clinical
history of neurological or psychiatric disorders or any other speci�c contraindications to non-invasive
brain stimulation (Rossi et al., 2009). Each participant completed the Adult Safety Screening
Questionnaire as a safety check (Keel et al., 2001). 

Before the experiment, the participants were informed of the current usage status of TMS in medicine,
neuroscience, and other �elds. The participants were then checked for whether they had any concerns. All
participants volunteered to participate in the experiment and gave written informed consent before study
procedures and after this prefatory explanation of what rTMS would entail. This study was approved by
the Ethics Committee of Human Experiment of the local university and was carried out by the ethical
standards of the revised Helsinki Declaration. The experimental operators received professional training
in TMS operation and bilateral DLPFC positioning. At the end of the experiment, the participants were
paid according to their winnings and debriefed.

2.1.2 Criteria for selecting participants

Participants were not allowed to participate in this study if they had or manifested any of the following
conditions: (1) Severe dementia and organic disease; (2) metal implants; (3) had a personal or family
history of traumatic brain injury or epilepsy; (4) obvious extrapyramidal adverse reactions; (5) illegal drug
use; (6) a severe mental disorder; (7) a history of stroke; (8) a history of head injury or neurosurgery; (9)
frequent or severe headaches; (10) had taken any medication that is associated with lowering the onset
threshold; (11) were pregnant or sexually active and not using contraceptives.

2.1.3 Experimental design

Study 1 used a 2 (Context: Gain, Loss) × 3 (rTMS stimulation: Left DLPFC stimulation, Right DLPFC
stimulation, Sham stimulation) mixed experimental design, in which rTMS stimulation was a between-
subjects variable and Context was a within-subjects variable. The dependent variable measured was the
rate at which these participants would reject unfair offers. All three groups completed the same task. The
difference is that the participants in the left and right DLPFC groups received 1Hz rTMS stimulation
before the experiment, receiving the rTMS stimulation on either their left or right DLPFC for a duration of
20 minutes. No magnetic �eld was emitted from the stimulus coil in the sham stimulus group, and the
total duration of the sham stimulus was also 20 minutes.

2.1.4 Experiment task and procedure

We used a modi�ed Ultimatum Game (UG) (Guo et al., 2013; Wu et al., 2014) presented as a computerized
task. Before the experiment, we explained to participants that they would play a repeated UG in a
computerized task with a group of anonymous students (Proposer, A) whom they did not know making
proposals (offers). Participants would act as responders (B). In each round, a proposer (A) would make
an offer about how to share a 100 monetary unit (MU) gain or loss with the respondent (B). Speci�cally,
in the gain context, each proposer would distribute 100 MUs of income (approximately equal to USD
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14.6) to the proposer/recipient pair in 90/10, 70/30, or 50/50 distribution schemes, these three conditions
which respectively represented high unfairness, medium unfairness, or fairness. Upon observing the
distribution, the participant would choose to accept or reject the offer. For example, at 70:30. If the
participant chose to "accept" the allocation scheme, he was given the amount allocated in that scheme; if
the participant chose to "reject" the offer, both proposer and responder would receive 0 MUs. In the loss
context, the proposer distributed a loss of 100 MUs to the respondent in three conditions: -10/-90, -30/-70,
or -50/-50, and trials were otherwise the same as the gain context trials. For example, -30/-70. If the
participants chose to "accept" the distribution, the proposers would lose 30 MUs and the participants
would lose 70 MUs. If the participants chose to "reject", both the proposers and the participants would
lose 100 MUs. The participants' responses were independent in each trial, meaning they were faced with
a different person in each trial.

The speci�c experimental trials progressed as follows: in each trial, a black �xation point was �rst
presented for 500ms. It was followed by either the word "gain" or "loss" for 1000ms. Then, the screen
displayed the distribution for 1500ms. Afterward, it displayed the player’s options: “accept” or “reject.”
Participants pressed “F” to reject, and “J” to accept. There is no time limit at this stage. The placement of
buttons and options was counterbalanced among participants. After the participant made a response, a
white blank screen was displayed for 500ms. See Figure 2-1. Each participant completed 4 practice trials
before the task. There were 24 trials in the formal experiment, and each condition was presented with 4
replications. The duration of the experiment is about 10 minutes. Each trial was presented in a pseudo-
random order—that is, no more than three consecutive trials were all gains or losses. At the end of the
experiment, the participants received a participation fee that was assessed based on the MUs they had
accrued during a random trial of the experiment and were debriefed.

2.1.5 rTMS experimental parameters and DLPFC positioning method

We applied low-frequency (1 Hz) rTMS to the DLPFC for 20 min (1200 pulses) before subjects
participated in the formal experiment (off-line paradigm), using a Magstim Rapid Magnetic Stimulator
(Magstim, Winchester, MA, USA) and a commercially available �gure-of-eight coil (70-mm diameter
double-circle, air-cooled).

Before the formal implementation of the stimulation, the resting motor threshold (MT) of each participant
was measured by applying 50% of the intensity of stimulation to the right primary motor cortex to obtain
the minimum observable contraction of the muscles of their left hand. The intensity of the stimulation
was measured by the resting motor threshold of the participant (Ren et al., 2015). At the time of formal
stimulation, the intensity of the rTMS was set to 90% of the resting movement threshold of the participant
(Hartwigsen et al., 2010). Each participant received 20 series of 1Hz rTMS, each of which contained 60
magnetic stimulation pulses, with an interval of 1s or 1200 consecutive 1Hz sub-stimulation pulses
between the two series (Rossi et al., 2009). The localization of DLPFC refered to the positions of F3 and
F4 in the international 10-20 EEG system (speci�cally located in Brodmann areas 9 and 46) (Koch et al.,
2003; Mylius et al., 2013). The coordinates of the left DLPFC was (-42, 44, 30) and the coordinates of the



Page 7/22

right DLPFC was  (27, 39, 51). The junction of the two wings of the coil was placed in position on the F3
and F4, and the magnetic target was tangent to the scalp. The position and orientation of the coil
placement for each subject were presented on the nylon positioning cap of the 10-20 system worn by the
subject during the entire rTMS stimulation (Kearney- Ramos et al., 2018). The rTMS parameters were well
within currently recommended guidelines (Rossi et al., 2009) and result in a suppression of excitability of
the targeted cortical region for several minutes following completion of the rTMS train (Eisenegger et al.,
2008; Baumgartner et al., 2011).

2.2 Results

2.2.1 Decision-making rate

Statistical analyses were conducted on unfair trials only (David et al., 2017; Liu et al., 2017, 2019, 2021)
and we combined the two levels of unfair distribution in the analysis. We excluded fair trials (50:50/ -50:
-50) because participants never choose to reject on fair trials (Mreject = 0). In the experiment, we asked the
participants to choose between rejection and acceptance. The probability of choosing to accept is
determined by the probability of choosing to reject (P(accept) = 1 – P(reject)). We used a 2 (Context: Gain
vs. Loss) × 3 (rTMS stimulation: Left DLPFC, Right DLPFC, Sham stimulation), which was analyzed by
mixed ANOVA. The main effect of Context was signi�cant (F (1, 54) = 22.77, p < 0.001, ηp

2 = 0.46; see
Table 2-1). Participants chose to reject more often in the loss context than they did in the gain context.
The main effect of rTMS stimulation was not signi�cant (F(1, 54) = 0.952 p = 0.398; see Table 2-1). The
interaction between Context and rTMS stimulation was signi�cant (F(1, 54) = 3.46 p = 0.045, ηp

2 = 0.20,
see Fig. 2-1). Simple effect analysis showed that in the gain context, the rejection rate of the Left DLPFC
(M ± SD = 0.80 ± 0.24) was signi�cantly different from that of the Sham stimulus (M ± SD = 0.58 ± 0.24),
p = 0.048; the rejection rate between the Left DLPFC and the Right DLPFC (M ± SD = 0.74 ± 0.24), the
Right DLPFC and the Sham stimulus were no signi�cant difference, ps > 0.098, Tukey HSD correction. In
the loss context, there was no signi�cant difference in the rejection rate between the Left DLPFC (M ± SD
= 0.86 ± 0.20) and the Right DLPFC (M ± SD = 0.88 ± 0.20), and the Right DLPFC also showed no
signi�cant difference from the Sham stimulus (M ± SD = 0.84 ± 0.20), ps > 0.763, Tukey HSD correction.
Meanwhile, when the left DLPFC was stimulated, there was no signi�cant difference in rejection rate
between the gain and loss contexts, p = 0.283. When the right DLPFC was stimulated, the rejection rate in
the gain and loss contexts was signi�cantly different, p = 0.023; In the Sham stimulus, the rejection rate
was signi�cantly different between the gain and loss contexts, replicating prior �ndings, p < 0.001.

----- INSERT TABLE 2-1 ABOUT HERE -----

3 Study 2 Disrupting Dorsolateral Prefrontal Cortex In�uence On The
Difference Of Third-party Punishment Decision-making Between The
Gain And Loss Contexts
3.1 Method
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3.1.1 Participant

Using the same method as study 1, effect size f² = 0.2, power = .95 and α = .05, the sample size of N = 54.
We recruited sixty participants for the study (28 males, mean age = 19.50, SD = 1.87, the age range is 18-
24). Among them, 20 participants (10 males, mean age = 19.70, SD = 2.35) were stimulated with left
DLPFC. 20 participants (12 males, mean age = 19.10, SD = 1.52) were stimulated with right DLPFC. 20
participants (10 males, mean age = 19.70, SD = 1.77) in the sham stimulus group. There was no
signi�cant difference in age among the three groups, F (2, 54) = 0.33, p = 0.724. The remaining
requirements were the same as in Study1.

3.1.2 Criteria for selecting participants

We used the same criteria for selecting participants as we did in Study 1.

3.1.3 Experimental design

Study 2 used a 2 (Context: Gain, Loss) × 3 (rTMS stimulation: Left DLPFC stimulation, Right DLPFC
stimulation, Sham stimulation) mixed experimental design, in which rTMS stimulation was a between-
subjects variable and Context was a within-subjects variable. The dependent variables for this experiment
were the punishment rate (the likelihood of punishing) and punishment amount, the amount of MUs
participants expended on punishment. The rest of the method mirrors Study 1.

3.1.4 Experiment task and procedure

We used a modi�ed third-party punishment game (Liu et al., 2017, 2019) presented as a computerized
task to assess participants’ willingness and harshness in judging the unfair behavior of others. In the
experiment, participants acted as a third party, observing a Dictator Game (DG). The DG trials were
performed by another group of participants before the formal experiment. There were two people in the
task, one the Dictator or the Proposer (A), and the other the recipient (B). Proposer (A) and the recipient (B)
receive 100 MUs together, A decides how to distribute these MUs among the two of them, and B has no
choice but to accept the proposal. Third-party (participant) received 50 MUs at the beginning of each
round (Fehr & Fischbacher, 2004; Leliveld et al., 2012; Hu et al., 2015; Liu et al., 2017, 2019), and after
observing the Dictator game, they could use the MUs to punish the proposer or choose to retain the MUs
without acting on the situation they observed. Notably, the relationship between the MUs offered by the
participants for punishment and the MUs reduced by the proposer was 1:3 (Fehr & Fischbacher, 2004).
So, if a third party chose to punish the proposer and then offered 5 of their MUs to enact that punishment,
the proposer would lose 15 MUs.

To be more speci�c, A and B appeared in each trial and jointly earned 100 MUs or lost 100 MUs together
(approximately equal to USD 14.6). In the gain context, each proposer would distribute 100 MUs of
income to the recipient in 90/10, 70/30, or 50/50 distribution, these three conditions which respectively
represented high unfairness, medium unfairness, or fairness. Upon observing the distribution, participants
would choose to punish the Dictator or to keep their MUs. If the participants chose the punishment, they
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had to choose a speci�c amount of MUs to expend on punishment from their purse of 50 MUs, which
was replenished with each trial. There were 6 options, including 5, 10, 15, 20, 25, and 30. In the loss
context, the proposer would distribute a loss of 100 MUs to the recipient in three conditions: -10/-90,
-30/-70, or -50/-50. Other processes mirrored those of the gain context. The responses of the participants
in each trial were independent, that is, they were faced with two different people in each trial.

The speci�c experimental trials progressed as follows: in each trial, a black �xation point was �rst
presented for 500ms. It was followed by either the word "gain" or "loss" for 1000ms. Then, the screen
displayed the distribution for 1500ms. Afterward, it displayed the player’s options: “punishment” or “keep”
Participant pressed “F” for punishment, and “J” to keep. There is no time limit at this stage. The
placement of buttons and options was counterbalanced among participants. If participants chose to
punish the Dictator, a gauge for the speci�c amount of MUs to spend to enact his punishment appeared
on the screen. It presented 6 options in total: participants could choose to spend 5, 10, 15, 20, 25, or 30
MUs on hurting the Dictator’s earnings, options which corresponded to the numbers 1, 2, 3, 4, 5, and 6 on
the numeric keypad. After the participant made a response, a white blank screen was displayed for
500ms before the next trial. See Figure 3-1. Each participant completed 4 practice trials before the task.
There were 24 trials in the formal experiment, and each condition was presented with 4 replications. Each
trial was presented in a pseudo-random order—that is, no more than three consecutive trials were all gains
or losses. At the end of the experiment, the participants received a participation fee that was assessed
based on the MUs they had accrued during a random trial of the experiment and were debriefed.

3.1.5 rTMS experimental parameters and DLPFC positioning method

The same procedure was implemented here as in Study 1.

3.2 Result

3.2.1 Decision-making rate

Consistent with study 1, we only analyzed the unfair trials (David et al., 2017; Liu et al., 2017, 2019, 2021).
The probability of choosing to punish is determined by the probability of choosing to keep (P(keep) = 1-
P(punish)). 2 (Context: Gain vs. Loss) ×3 (rTMS stimulation: Left DLPFC stimulation, Right DLPFC
stimulation, Sham stimulation) was analyzed by mixed ANOVA. The main effect of Context was
signi�cant (F(1, 54) = 4.35 p = 0.045, ηp

2 = 0.14; see Table 3-1). Participants chose to punish the Dictator
more often in the loss context than they did in the gain context. The main effect of rTMS stimulation was
signi�cant (F (1, 54) = 5.85, p = 0.008, ηp

2 = 0.30; see Table 3-1). Tukey-HSD multiple comparison
analysis found the punishment rate after stimulation of left DLPFC and right DLPFC was respectively
signi�cantly higher than that of Sham stimulation, ps < 0.010. The left DLPFC and right DLPFC did not
elicit a signi�cant difference in punishment rate between each other, p = 0.704. The interaction between
Context and rTMS stimulation was signi�cant (F (1, 54) = 7.45, p = 0.003, ηp

2 = 0.36, see Fig. 3-1). Simple
effect analysis showed that, in the gain context, the difference of punishment rate between the Left
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DLPFC (M ± SD = 0.95 ± 0. 23) and Right DLPFC (M ± SD = 0.98 ± 0.23) was not signi�cant, p = 0.910,
but the difference between the Left DLPFC and Sham stimulus (M ± SD = 0.60 ± 0. 23) was signi�cant, p
= 0.001. The difference between the Right DLPFC and Sham stimulus was also signi�cant, p = 0.002,
Tukey HSD correction. In the loss context, the difference among the Left DLPFC, the Right DLPFC, and
Sham stimulus were not signi�cant, ps > 0.584, Tukey HSD correction. When the left DLPFC was
stimulated, there was no signi�cant difference in punishment rate between the gain and loss contexts, p =
0.290. When the right DLPFC was stimulated, the punishment rate in the gain and loss contexts was not
signi�cantly different, p = 0.646. In the Sham stimulus, the rejection rate was signi�cantly different
between the gain and loss contexts, replicating prior research, p < 0.001.

----- INSERT TABLE 3-1 ABOUT HERE -----

3.2.2 Decision-making amount

We only analyzed the magnitude of MUs spent on third-party punishment in unfair trials, as none was
spent in fair trials. The main effect of Context was not signi�cant (F (1, 54) = 2.71, p = 0.111; see Table 3-
1). The main effect of rTMS stimulation was signi�cant (F (1, 54) = 9.462, p = 0.001, ηp

2 = 0.41; see Table
3-1). Tukey-HSD multiple comparison analysis found that the punishment amount after stimulation of
both the left DLPFC and right DLPFC respectively was signi�cantly higher than the suggested
punishment amount in the Sham stimulation, ps < 0.025; the difference between the amount spent given
either left DLPFC and right DLPFC stimulation was not signi�cant p = 0.060. The interaction between
Context and rTMS stimulation was also not signi�cant (F (1, 54) = 2.21, p = 0.129, see Fig. 3-1). 

4 Discussion
In the current research, we applied rTMS and used a modi�ed UG (Study 1) (Guo et al., 2013; Wu et al.,
2014) and a modi�ed third-party punishment game (Study 2) (Liu et al., 2017; 2019) to investigate the
neural mechanisms underlying the differences between second-party punishment and third-party
punishment decision-making across the gain and loss contexts. The two of present researches con�rmed
previous �ndings that people are willing to pay the cost to enforce social norms (Fehr & Fischbacher,
2004; Leliveld et al., 2012). It also provided new neural evidence about how humans weigh the elements
of social harm when choosing an altruistic intervention strategy that optimizes social welfare. 

Second parties rejected unfair offers and third parties intervened more often in the context of unfairly
shared losses than they did with unfairly shared gains. This result corroborated previous studies (Guo et
al., 2013; Wu et al., 2014; Liu et al., 2017, 2019). Perhaps this means that social pressure around
normative fairness is more urgent around mutually negative experiences, inducing a stronger desire to
sanction unbrotherly behavior in the loss context than in the gain context (Zhou & Wu, 2011). 

To further explore the neural mechanism of altruistic punishment, we applied rTMS to the left or right
DLPFC of the participants and found that disrupting the function of the left, but not right DLPFC,
signi�cantly raised the likelihood that the second party would punish the Proposer in the gain context,
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effectively making participants as sensitive to unfairly distributed gains as they were to unfairly
distributed losses. However, a study found that disruption of the right DLPFC by rTMS substantially
reduces people's willingness to reject unfair offers (Knoch et al., 2006). Although our result was
inconsistent with theirs, we focused on how the rejection of unfairness changed in the gain and loss
contexts. The participants had to consider the existence of the loss context, which led to the deviation of
their behavior. The DLPFC acts as a key node that supports the integration of signals and relevant
information to select the appropriate punishment decision (Buckholtz et al., 2008, 2015; Treadway et al.,
2014). Previous studies have shown that activation of the DLPFC is associated with implementing
cognitive control (Sanfey et al., 2003; Knoch et al., 2006; Haushofer & Fehr, 2008). Damage to the left
DLPFC was associated with increased sensitivity to and increased rejecting of unfair offers, providing
support for the engagement of fairness-related left DLPFC activity in top-down executive control over
impulses to demand parity (Güroğlu et al., 2010, 2011). It seems involved in sanctioning norm violators.
In the loss context, the left DLPFC showed greater activations than it did in the gain context, as it also has
in prior research (Guo et al., 2013). Therefore, on the one hand, the damage of left DLPFC may result in
impaired cognitive control and the deviation of individual information integration ability, make people
more sensitive to unfairness, and improve the awareness of altruistic punishment to maintain the social
norms of fairness- we could say it sharpens one’s sensitivity to unfairness in general. On the other hand,
the damage of left DLPFC may just weaken the in�uence of situational information on someone’s
judgment of fairness, perhaps leading to an evolutionarily negative outcome. 

We also found that the DLPFC played an important role across contexts on third-party punishment. The
bilateral activity of the DLPFC could underlie inhibitory actions of our executive control network when we
are trying to titrate out or balance our punishment strategies to �t the norm violation we are addressing
(Krueger & Hoffman, 2016). In Study 2, we inhibited the function of the left DLPFC by rTMS and found
participants punished all behaviors like they were unfairly shared losses, that is, harshly and frequently,
when they typically would treat unfairly shared gains more permissively. 

However, we found that disrupting the function of the right DLPFC would raise the rate of third-party
punishment in the gain context to match that of the loss context. In the third-party punishment decision-
making network, the DLPFC is thought to support goal-directed response selection (Buckholtz & Marois,
2012; Tabibnia et al., 2008). Moreover, the right DLPFC is responsive to violations of social norms and is
causally involved in adhering to social fairness norms (Ruff et al., 2014). The function of right DLPFC
appears to apply equally to situations where the motive for punishment is unfair behavior in a dyadic
economic exchange and when responding to the violation of an institutionalized social norm in a
disinterested third-party context (Buckholtz et al., 2008). Therefore, third-party punishment requires the
integration of several brain functions. In addition to inhibiting the left DLPFC to reduce people's judgment
of the impact of loss and gain context, inhibiting the right DLPFC will further affect people's affect
people's information integration of unfair events and improve people's sensitivity to unfairness. It led to
an increase in the punishment rate in the gain context. 
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Beyond that, we also found a consistent results, there was no effects of rTMS whatsoever in the loss
context, in neither study. Participants were likely to perceive higher unfairness level and have stronger
desire to sanction social norm violations in the loss context than in the gain context (Zhou & Wu, 2011;
Guo et al., 2013). The switch from the gain context to the loss context effectively changed subjective
perception of social norm violations as well as fairness considerations. In the loss context, people have
taken more action against the unfair behavior. Another reason could be the emergence of a ceiling effect,
because rejection and punishment in the loss context were high already. It is also possible that there was
a ceiling effect in the experiment, because rejection and punishment were already high in the loss
context. It showed that people's judgment of unfairness did not change in the loss context.

Importantly, the DLPFC was preferentially or more consistently activated by prosocial behaviour
(Bellucci et al., 2020) and showed a causal role in mentalizing (Kalbe et al., 2010). Functional decoding
analyses linked the DLPFC to roles in both cognitive and affective processing (Hackel et al., 2015; Mende-
Siedlecki et al., 2013). The recruitment of the DLPFC allows the tracking of another person’s behavior for
inferences on her intentions and planning on the adequate course of actions, a vital feature of a theory of
mind. Research has found that people’s reactions to unfair distributions are not only related to an
individual observer’s cognition, but also to that individual’s emotions (Fehr & Fischbacher, 2003; Sanfey et
al., 2003). In this study, the DLPFC function inhibition elicited different behaviors from participants that
effectively equalized their sensitivity to normative unfairness. In Study 1, they rejected offers more readily,
even offers in the gain context, to the point where sensitivity in the gain context mirrored what is typically
expectable in the loss context. In Study 2, participants acting as judges punished dictators in the gain
context just as often and as harshly as they would in the loss context, which was an as signi�cant
increase from what one would expect otherwise (Liu et al., 2019). These different actions shared the
same cause-a bias resulting from the integration of information about unfair events, resulting in a loss of
the distinction of the behavioral features of a speci�c norm violation, and an overall increase in the
sensitivity to norm violations. Our course of rTMS also seemed to undeniably increase one’s willingness
to spend to harm the Proposer or Dictator. Perhaps the DLPFC is thus not only activated and involved in
the tempered assessment of the situational context (gain vs. loss), but it may also relate to the forcible
maintenance of social norms, and inhibited the individual’s self-interest tendency (Knoch et al., 2008;
Knoch et al., 2006). The inhibition of the DLPFC function produced the deviation of individual information
integration ability and reduced third parties’ sensitivity to the cost of punishment. It improved the third
parties’ willingness to maintain social norms and judge the perpetrators. This study further suggested
that third-party punishment needs to mobilize and integrate more cognitive resources suitably. Although
DLPFC function is inhibited, it still increases the individual’s willingness to altruistic punishment. The
results also further support the Strong reciprocity theory (Fehr & Fischbacher, 2003; Gintis et al., 2003)
and Indirect reciprocity theory (Rand & Nowak, 2013). People are willing to act against norms that bene�t
society and individuals.

Our study has several limitations. First, we focused on the function of DLPFC in altruistic punishment
decision-making and the differences in altruistic punishment decision-making between the gain and loss
context. However, DLPFC is not only related to executive control—but is also related to emotional
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processing. Future studies could investigate whether the DLPFC alters participants' emotional responses
(perhaps using skin conductance or some other instruments). Secondly, in the second party punishment,
we found the effects only following stimulation of the left dlPFC, but there was no signi�cant difference
between left and right dlPFC. In future studies, we need to explore the role of the right DLPFC in depth
through different techniques and methods. Thirdly, we used low-frequency rTMS in this study. However,
some researchers have found that the intervention effects of rTMS vary at different frequencies: low-
frequency rTMS usually refers to magnetic stimulation less than or equal to 1Hz, and high-frequency
rTMS refers to magnetic stimulation with a frequency higher than 1Hz (Rossi et al., 2009). The low-
frequency rTMs can cause a sustained inhibitory effect in the stimulated brain regions of healthy
participants, while high-frequency rTMs usually lead to a facilitation effect in the stimulated regions for a
sustained period (Maeda et al., 2000). Future studies should apply high-frequency rTMS to the DLPFC
and other regions to further explore how these structures drive altruistic punishment.

5 Conclusion
In line with previous research, this study also provided the causal evidence that the DLPFC plays a pivotal
role in modulating altruistic decision-making. It affected the difference in the decision-making of second-
party and third-party altruistic punishment in the gain and loss contexts. Study 1 revealed that disrupting
the function of the left DLPFC signi�cantly raised the likelihood that the second party would reject unfair
offers, where they are usually primarily more sensitive to unfair proposals regarding shouldering losses.
The stimulation of the left and right DLPFC by rTMS seemed to have heightened the sensitivity to
unfairness, especially the response to unfairness in the gain context, resulting in the difference in
behavioral response across the two contexts (gain and loss) diminished. In Study 2, we inhibited the
function of bilateral DLPFC by rTMS and found that in the gain context, third parties were more sensitive
to unfairly distributed gains than they normally are and punished more forcibly as if they were unfairly
shouldered losses. Thus, the inhibition of the DLPFC function will lead to the deviation of individual
information integration ability and in�uence the moderating effect of gain and loss contexts on altruistic
punishment.
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Tables
Table 2-1 The decision rate of the second-party punishment under different rTMS stimuli and the gain
and loss contexts (M ± SD)

Rejection rate

Context Gain 0.71 ± 0.24

Loss 0.86 ± 0.20

rTMS stimulus Left 0.83 ± 0.20

Right 0.81 ± 0.20

Sham 0.71 ± 0.20

Table 3-1 The decision rate and amount of the third-party punishment under different rTMS stimuli and
the gain and loss contexts (M ± SD)

Punishment rate Punishment amount

Context Gain 0.85 ± 0.22 20.65 ± 4.71

Loss 0.94 ± 0.13 22.15 ± 3.63

rTMS stimulus Left 0.97 ± 0.14 21.60 ± 3.39

Right 0.94 ± 0.14 24.60 ± 3.39

Sham 0.77 ± 0.14 18.01 ± 3.39
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Figures

Figure 1

Flow chart of experimental trials in Study 1.
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Figure 2

Different rTMS stimuli affect the decision-making rate of second-party punishment in the gain and loss
context. Error bars = SEM.
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Figure 3

Flow chart of experimental trials in Study 2.
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Figure 4

Different rTMS stimuli affect the decision-making rate of third-party punishment in the gain and loss
context. Error bars = SEM.

Figure 5

Different rTMS stimuli affect the decision-making amount of third-party punishment in the gain and loss
context. Error bars = SEM.


