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ABSTRACT

Third parties punish, sacrificing personal interests, offenders who violate either fairness or
cooperation norms. This behavior is defined altruistic punishment and the degree of punishment
typically increases with the severity of the norm violation. An opposite and apparently paradoxical
behavior, namely anti-social punishment, is the tendency to spend own money to punish cooperative
or fair behaviors. Previous fMRI studies correlated punishment behavior with increased activation of
reward system areas (e.g. the ventromedial prefrontal cortex, VMPFC), the mentalizing (e.g. the
temporoparietal junction, TPJ) and central-executive networks. In the present study, we aimed at
investigating the causal role of VMPFC and TPJ in punishment behaviors through the application of
anodal transcranial direct current stimulation (tDCS).
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Sixty healthy participants were randomly assigned to three tDCS conditions: (1) anodal tDCS over
VMPEFC, (2) anodal tDCS over TPJ, (3) sham stimulation. At the end of the stimulation, participants
played a third-party punishment game, consisting in viewing a series of fair or unfair monetary
allocations between unknown proposers and recipients. Participants were asked whether and how
much punishing proposers using their own monetary endowment. To test membership effects,

proposers and recipients could be either Italian or Chinese.

Anodal tDCS over VMPFC increased altruistic punishment behavior whereas anodal tDCS over TPJ
increased anti-social punishment choices compared with sham condition, while membership did not
influence participant’s choices. Our results support the idea that the two types of punishment
behaviors rely upon different brain regions, suggesting that reward and mentalizing systems, underlie

respectively altruistic and anti-social punishment behaviors.

Key words: tDCS, VMPFC, TPJ, altruistic punishment, antisocial punishment.

Highlight:

Altruistic punishment and antisocial punishment rely upon different brain regions
Anodal tDCS influences punishing behaviors

VMPFC and TPJ are implicates in altruistic and antisocial punishment

Reward and mentalizing systems, underlie altruistic and anti-social punishment

1.1 Introduction

Complex social norm systems, which regulate small and big social groups, distinguish human beings
from other animal species and are fundamental for survival and for the functioning of human society
(Fehr & Rockenbach, 2004; Helbing et al., 2010). Indeed, respecting spoken or unspoken shared
social rules promotes cooperation and leads human social behavior (Bendor & Swistak, 2001; Elster,
1989; Ostrom, 2000). It has been suggested that “evolution built us to punish cheater” (Hoffman,

2014, pag 1), stressing how punishment instinct enabled us to live in small groups, allowing to benefit
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of the mutual defense, division of the labor and revealing its fundamental role in preserving

cooperation (Boyd et al., 2010).

Two puzzling sanctioning behaviours are altruistic and antisocial punishment. Both of them represent
a costly form of punishment whose effect is not a direct material benefit maximization (Saddksvuori
et al., 2011). The term altruistic punishment originates within the field of behavioral experimental
economics and describes a scenario where punishment is addressed to people who violate shared
norms (i.e. they behave unfairly) (Fehr & Fischbacher, 2003; Goette et al., 2012; Riedl et al., 2012).
The most relevant form of altruistic punishment is represented by Third-Party Punishment (TPP).
TPP occurs when people implement sanctioning mechanisms even when they are impartial
bystanders, so called “third parties”, that is when they are not directly affected by others’ unfair
behavior (Fehr & Fischbacher, 2003; Ostrom, 2000; Riedl et al., 2012). TPP has been acknowledged

as a relevant “social norm enforcement device” (Fehr et al., 2002).

Although the altruistic punishment, by definition, does not involve any overt benefit for the punisher,
actually the satisfaction of revenge, the experience of power and the expectation of future rewards,
as secondary advantages, could enforce it (Jordan et al., 2016; Strobel et al., 2011). Moreover,
altruistic punishment differs in interactions with in-group members and out-group members, namely
the in-group condition protects or favors the members of own group from those of the others (De
Dreu et al., 2010; Goette et al., 2012; Halevy et al., 2012; Henrich et al., 2005; Levine et al., 2005;
Tajfel & Turner, 1986). In a recent study, Rabellino et al. (2016) investigated the altruistic punishment
using TPP game in in-group and out-group contexts in which the membership differed for nationality
(Chinese or Italian). Behavioral results demonstrated that this kind of punishment behavior emerged
as a tendency to protect in-group victims of unfair behavior. Bernhard et al. (2006) defined this

difference in altruistic behavior between in-group and out-group interactions as parochial altruism.

The opposite behavior, called antisocial punishment, is instead the tendency to spend own resources

to punish cooperative or fair behaviors (Nikiforakis, 2008). Even if the attempts to explain antisocial

3



punishment are still seminal, the fact that usually non-cooperative subjects implement it lies on some
possible motivations. It may represent a form of retaliation on cooperators who punished free riders,
as well as an attempt to discourage cooperative behavior due either to preferences for competition or
to preferences for conformism when cooperation is not the shared rule (Herrmann et al., 2008).
According to Herman et al. 2008, some bargaining experiments (Bahry & Wilson, 2006; Henrich et
al 2007; Hennig-Schmidt et al 2008) showed antisocial punishment that could also considered as a
form of do-gooder derogation. In these researches people reject fair and hyperfair proposes.

According to the authors, people might be suspicious of others who appear too generous.

Economic games represent valid means to explore humans’ punishment behaviors, finding one of
their main application as behavioral tasks in neuroimaging studies interested in shedding light on
neural substrates of punishment behaviors (Boyd et al., 2010; Strobel et al., 2011). In particular, the
TPP game has been effectively used. In a typical TPP game an impartial bystander (a third party,
player C) can decide, spending part of his endowment, to punish a player (a dictator, player A) who
allocates fair or unfair amount of money to a dummy player (a receiver, player B) (Fehr &

Fischbacher, 2004; Ottone et al., 2015).

1.1.2 Neural correlates of sanctioning behavior

A growing number of social neuroscience and neuroeconomics evidence converged in showing
correlations between participants’ punishment responses in economic games and functional activity
of different cerebral networks (Buckholtz et al., 2008). Particularly, the implicated networks include:
the salience network, which detect the risk or the presence of norm violations, composed by the
anterior insula, dorsal anterior cingulate cortex, amygdala and putamen (Feng et al., 2016; Giiroglu
et al., 2011; Harl¢ et al., 2012; Krueger & Hoffman, 2016; Sanfey et al., 2003); the default mode
network, which modulates the emotional processing of harming a victim and the representation of

others’ intentions, includes the medial prefrontal cortex; the mentalizing network, comprising the



dorsomedial prefrontal cortex and the temporoparietal junction (TPJ) (Feng et al., 2018; Giiroglu et
al., 2011; Krueger & Hoffman, 2016; Bosco et al., 2017); the central-executive network, anchored to
the posterior parietal cortex and the dorsolateral prefrontal cortex (DLPFC), which transforms signals
coming from the default mode network into punishment behaviors (Krueger & Hoffman, 2016;
Zinchenko & Arsalidou, 2018); the reward network, involving the nucleus accumbens and the
ventromedial prefrontal cortex (VMPFC) (De Quervain et al., 2004; Hu et al., 2015). These neural
hubs seem to have a general role in both norms’ representation and violation processing (Zinchenko
& Arsalidou, 2018). Differences in neural responses were reported when the role of group
membership was investigated. Indeed, a recent fMRI study (Morese et al., 2016), comparing subjects’
punishing behavior between in-group vs out-group settings in a TPP game, showed that observing in-
group norm violation was associated with an increased activation of mentalizing network.
Interestingly, a previous study (Baumgartner et al., 2012) converged in supporting the hypothesis that
the recruitment of mentalizing network could be explained by subjects’ attempts to understand or
justify in-group norm violation. Concerning TPJ role, some authors speculated an antagonistic
relationship between this region and the DLPFC during TPP (Krueger & Hoffman, 2016). Indeed,
the DLPFC showed an initial deactivation when increased activity of TPJ was recorded, immediately
followed by increased responses when subjects decided to punish. As previously mentioned, TPJ is
involved in assessing the blame of violators, while the DLPFC, being part of the central executive
network, is responsible of converting the evaluation into the decision to punish. Therefore, the
biphasic activity of the DLPFC could underlie the inhibitory action of executive network over the
mentalizing system when planning punishment behaviors is needed. The TPJ’s right portion
especially was generally found to have a high specialization for mentalizing (Saxe & Powell, 2006;
Saxe et al., 2009; Young et al., 2010) that is a crucial to interact in the social environment. For
instance, a study showed that, compared with healthy controls, right TPJ responses of autism
spectrum patients were similar for both mentalizing and physical judgments, with anomalous right

TPJ activations of patients correlating with the degree of their social impairment (Lombardo et al.,
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2011). With a focus on sanctioning behavior, several neuroimaging studies support the specific role
of the right TPJ in altruism, highlighting the involvement of this region when considering the tradeoff
between the spontaneous altruistic tendencies and the costs of the altruistic actions (Morishima et al.,
2012). Moreover, scholars reported correlations between responses of right TPJ and the subjective
value of sanctioning (Zhong et al., 2016) as well as a causal relationship between right TPJ activity

and parochial punishment (Baumgartner et al., 2013) in TPP.

Regarding antisocial punishment, Morese et al. (2016), through exploratory analysis, reported a
specific role of ventromedial prefrontal cortex. Hence, this region together with the right TPJ seem
to be crucial for punishing unfair (i.e. altruistic punishment) and fair (i.e. antisocial punishment)
behaviors (Baumgartner et al., 2012; Bellucci et al., 2017; Morese et al., 2016). However, the

attempts to explore neural correlates of punishing behaviors are still at the beginning.

With the present study, we aimed to fill this gap by investigating, through the application of the
transcranial direct current stimulation (tDCS), the causal role of reward and mentalizing networks, in
particular of VMPFC and TPJ, in the altruistic and the antisocial punishment behaviors. TDCS has
already been shown to be an effective tool in modulating punishment behaviors (Civai et al., 2014;
Hammerer et al., 2016; Keeser et al., 2011; Pena-Goémez et al., 2012; Polania et al., 2015). Moreover,
to the best of our knowledge none study so far has investigated the tDCS effects on punishment

behaviors in the context of TPP as well as the mechanisms of antisocial punishment.

Building on previous evidence, we expect that tDCS would modulate altruistic punishment when
applied to both VMPFC and right TPJ whereas only tDCS over VMPFC would modulate antisocial
punishment. In line with previous evidence on parochial altruism we expected participants to punish
more frequently an outgroup member as dictator making unfair offers to an ingroup member as
receiver in the sham conditions and that stimulation over right TPJ would modulate such behavior,

as suggested by Morese et al. (2016) results.



Finally, recent studies showed that people reactions to other player’s choices in economics game are
affected by the concern people have for others, that is prosociality (Bieleke et al., 2017; Camerer &
Fehr, 2003), empathy and racial prejudice (Kirman et al., 2010; Morese et al., 2016; Stanley et al.,
2011). Hence, we administered the Social Value Orientation slider measure (SVO; Murphy et al.,
2011), the Interpersonal Reactivity Index (IRI; Davis, 1980) and the Implicit Association Test (IAT;
Greenwald et al., 1998) to measure individual prosociality, empathy and prejudice and their impact

on punishment behaviors.

1.2. Material and methods

1.2.1 Participants

Sixty healthy Italian students participated in the experiment (25 males, mean age = 23, SD + 2.5).
Participants were right-handed according to the Edinburgh Handedness Inventory (Oldfield, 1971),
had normal or corrected to normal vision, no clinical history of neurological or psychiatric disorders
nor other specific contraindications to non-invasive brain stimulation (Rossi et al., 2009). Each
participant completed the Adult Safety Screening Questionnaire (Keel et al., 2001) and gave informed
written consent prior to study procedures. The experiment took place at the University of Milano-
Bicocca with the approval of the local Ethic Committee and was carried out in accordance with the

ethical standards of the revised Helsinki Declaration.

1.2.2 Experimental Design and Procedures

The experimental procedure was divided in two different sessions.

Session one: Psychological traits



In the first session participants were asked to carry out two computerized tasks: the IAT and the SVO,

plus a self-report questionnaire, i.e. the IRI.

The IAT requires to categorize stimuli belonging to two opposite categories associated with attributes
with positive or negative valence. First, the stimuli and attributes are presented separated, then they
are associated in pairs that can be congruent or incongruent relatively to the common feeling. The
IAT assumes that a higher implicit association causes a greater difficulty in categorizing the stimuli
when presented in the incongruent condition. The difference in reaction times and accuracy between
the congruent and incongruent condition is considered a measure of the strength of the implicit
association, assessed through the D score (Greenwald et al., 2003). In this study, the IAT was used to
evaluate implicit attitudes towards Caucasian and Asian human faces. Specifically two sets of trials
were compared. In the first set, Caucasian faces were paired with positive valence attributes, while
Asian faces were coupled with negative valence words (congruent trials); in the second set the
opposite couple were made, i.e. Caucasian/negative stimuli and Asian/positive stimuli (in-congruent

trials).

In order to control the impact of prosociality, we used the SVO slider measure which calculates the
choices during a series of dictator games between participants and another person. Participants’
decisions lead to different SVO scores and thereby to four different categories: perfect altruism, that
is maximizing the other participant’s payoff; prosociality, that is sacrificing a part of one’s own pay-
off to give something to the other; individualism, that is maximizing one’s own payoff;

competitiveness, that is maximizing the difference between one’s own and the other person’s payoft.

After completing IAT and SVO, subjects had to fill the IRI, a 28-items questionnaire that measures
empathy skills. For each item participants completed a five-points Likert scale from 1 (it does not
describe my behavior) to 5 (it totally describes my behavior). IRI is divided into four subscales: the

perspective-taking scale, the fantasy scale, the empathic concern scale, the personal distress scale.



Session two: tDCS procedure and Third Party Punishment game

The second session took place after a week. At the beginning of the sessions, the tDCS stimulation

was performed, followed by the execution of the Third Party Punishment game.

tDCS Procedures

Participants were randomly assigned to one of three experimental conditions (20 participants for each
group): 1) sham stimulation (6 males, 14 females ): in this condition, half participants received a
placebo stimulation over right TPJ and half over VMPFC (it had been considered as unique group)
(Mattavelli et al 2019), 2) anodal tDCS over right TPJ (10 males and 10 females), 3) anodal tDCS
over VMPFC (9 males and 11 females). To control for gender distribution across the three conditions
we run a X square, indicating no significant difference (X (3) = 2.16, p =.33). A series of one way
anova was run to control for eventual difference among the three groups for age, IAT score, IRI total
score and SVO orientation (see Table 1 in supplemental material for F values and p values).
Significant difference emerged among the three groups indicating that the randomization was
successful. The sample size was estimated using G*Power3 (Faul et al., 2007). A sample size of 19
participants per group (a total of 57 for the entire study) would have been required to detect an effect
size of 0.20 with 90% power and a = 0.05. We performed a double-blind study design, therefore

participants and experimenters were blinded about the condition they were assigned.

TDCS was applied through a Brain Stim stimulator (Newronica, Milan, Italy). Electrodes’ position
was established through the EEG 10-20 International System. For the stimulation of the VMPFC the
center of the anode was positioned in a middle point between Fpl and Fp2 (Chib et al., 2013), while
to stimulate the right TPJ it was centered on Cp6 (Santiesteban et al., 2012). In both conditions the
cathode was positioned on Ol (see Figure 1 for the simulated tDCS-induced electrical field

distribution in the two experimental conditions). A constant current of 1.5 mA intensity was delivered



with a 5 x 5 cmanode and a 10 x 5 cathode, in order to increase the focality of the stimulation (Nitsche
et al., 2008). In the two real stimulation conditions tDCS was applied for 20 minutes. In the sham
tDCS, instead, the stimulator turned off automatically after 30 seconds, a procedure which has been
shown to be effective in blinding participants from their assigned condition (sham vs real tDCS,
Gandiga et al., 2006; Ambrus et al., 2012; Woods et al., 2016). TDCS was delivered while participants

watched a cartoon video in order to standardize the procedure (Giustolisi et al., 2018).

Figure 1. Computational model of tDCS-induced electric field. A simulation of the electrical field
induced by the tDCS protocol used in the study was computed using Comets. Following EEG
international 10-20 system, in the anodal VMPFC condition (upper figure A & B), the anode (25
cm2) was placed between Fpl and Fp2 (panel A) and the cathode (50 cm2) was placed over O1
(panel B). In the anodal TPJ condition (panel C) the anode was placed over Cp6 and the cathode over
Ol (panel D). Red colour indicates the strongest electrical field occurring over the VMPFC and rTPJ.

Third party punishment game (TPP)

Immediately after the stimulation, participants took part at a TPP game (Fehr & Fischbacher, 2004)

with 160 trials (Figure 2). TPP is a modified version of the Dictator Game (Strobel et al., 2011), in
10



which typically two players, named A and B, interact during an economical exchange. In TPP
paradigm a third player, named player C, is added. Participants were told that they would have played
with other five players, being randomly assigned at the beginning of the experiment to a different
role, i.e. player A, player B or player C. Actually, a preset computer program controlled everything
and our experimental subjects were always player C. Player C watched sharing choices of two players,
1.e. player A, the dictator, and player B, the receiver. At the beginning of each trial, player A and
player C had an endowment of 20 tokens, while player B had only 10 tokens (20 tokens corresponded
to 0.05 €). Each trial started with a fixation cross (with a random duration between 1000-1500 ms)
followed by a first screen where player A could decide to transfer part of his endowment to player B
(4000 ms duration). Actually, tokens transfers were controlled by the computer program and they, in
random order, included from O to 5 tokens in half of trial and from 6 to 10 in the other one (but
subjects were informed that the transfer could be from 0 to 20 tokens). In a second screen, player C,
observing player A’s transfer, could choose not to intervene in the sharing, subtracting 0 tokens to
player A, or to punish him by subtracting 2, 4, 6, 8 or 10 tokens; then, as a feedback, the number of
subtracted token was framed by a red square. Participants were informed that punishing player A
resulted in an economic cost for them, who had to pay 1 token for each couple of tokens subtracted
from player A’s endowment (for example, if they wanted to subtract 6 tokens to player A, they would

have a cost of 3 tokens).

Moreover, we used two combinations to manipulate group membership: an in-group condition, in
which both players A and B, as the subjects enrolled in this experiment, were Italian, and out-group
condition, in which at least one of the players was Chinese. During the game, national flags were
shown to signal the nationality of player A and player B. To keep the attention on the task, in the 8%
of trials, participants were asked to remember the nationality of player A and player B of the previous

trial; a wrong answer caused a tokens’ lost for player C.
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At the end of the session, a questionnaire aiming at assessing subjects’ fairness reference point was
presented (see also Ottone et. al, 2015): participants were asked to indicate, according to their sense,
the number of tokens that player A ought ideally transfer to player B. Then subjects were debriefed
about tDCS and TPP game real procedures and experimental aims. They also received 2 € for the
participation and an additional payment based on the amount of money earned during the SVO and

the TTP game (mean = 12.5 €, SD =2.7).

20 minutes pre task

tDCS stimulation

1000-1500 ms
+ 4000 ms
Player A PlayerB

Player A transferstoPlayer B

Untile response

5 tokens

Player A Player B
e How many tokensdo you wantto
JX‘ deduct from player A?
K |:| EI Feedback
Player A PlayerB

II

How many tokensdo you wantto
deduct from playerA?

oo o [Binla

AN

Figure 2. Schematic experimental procedure. TPP started after 20 minutes of sham or real tDCS.
Each trial started with a fixation cross followed by a first screen where player A could decide to
transfer part of his endowment (from 0 to 5 tokens) to player B. In a second screen, player C,
observing player A’s transfer, could choose not to intervene in the sharing, subtracting 0 tokens to
player A, or to punish him by subtracting 2, 4, 6, 8 or 10 tokens; then, as a feedback, in the third
screen the number of subtracted token was framed by a red square.
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1.2.3 Data analysis

The TPP trials were classified as fair and unfair based on the participants’ subjective fairness level,
as assessed by the questionnaire at the end of the second session (mean of subjective fairness was
7.13 tokens; median and mode were equal to 5). We identified as fair those trials in which player A’s
transfer was equal or higher than the participants’ reference point and as unfair those trials in which
player A’s transfer was lower than the participants’ reference point. We calculated for each subject
the decision to punish (equal to 1 if player C subtracted tokens to player A, 0 otherwise) and the
amount of punishment (whose values were censored between 0 and 10) as dependent variables. We
run two typical regression models: random-effect probit and a random-effect tobit regressions
(McDonald & Moffitt, 1980; Gibbons & Hedeker, 1994) for decision to punish and amount of
punishment respectively. In a first analysis, we considered, in both models, the following regressors:
unfairness (a dummy variable equal to 1 when player A’s transfer was lower than player C’s fairness
reference point); VMPFC and TPJ (two dummy variables for tDCS-VMPFC and tDCS- TPJ condition
respectively; the control condition was SHAM tDCS); age; female (a dummy variable equal to 1 if
player C was a woman); SVO angle (the higher the SVO angle value, the higher the player C’s
concern for the others); IAT index1. In each regression, the variable unfairness had a positive and
significant effect (see Table 1 and 2). In order to isolate and study antisocial punishment (within fair
trials) and altruistic punishment (within unfair trials), we performed separate second analyses for fair
and unfair trials. We run a series of random-effect probit and tobit regressions with the following
regressors: unfairness/fairness; in-group (a dummy variable equal to 1 if both player A and player B
are Italian, 0 otherwise); FRONT and TPJ (two dummy variables for tDCS-VMPFC and tDCS-TPJ
condition respectively; the control condition was SHAM tDCS); age; female (a dummy variable equal
to 1 if player C was a woman); SVO angle (the higher the SVO angle value, the higher the player C’s

concern for the others); IAT index. (see Table 3 and Table 4).
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1.3.1 Results

In the first analysis, comparing subjects’ punishing choices, we found that both the percentage of
decisions to punish and the average level of punishment were higher when player A’s transfers were

classified as unfair by player C. This difference was observed across the three tDCS conditions (see

Figure 3).

SHAM TPJ VMPFC
Unfairness 0.185%** 0.149%** 0.287***
Age -0.033 0.141 -0.014
Female -0.433 -0.071 -1.171
SVO 0.024 -0.000 -0.01
IAT -1.87%* 1.125 -1.246
Costant -0.502 -4.255 0.678
N 3200 3200 3200

Tab 1. Random — effect Probit Regression. Decision to punish as dependent variable (equal to 1 if
C subtracts tokens to A, 0 otherwise). 20 Subjects for each tDCS condition (SHAM, TPJ, VMPFC).
**%1% significance **5%significance *10% significance.

SHAM TPJ VMPFC
Unfairness 0.732%** 0.698*** 1.129%**
Age -0.158 0.665 -0.005
Female 1.95 -0.707 -5.103
SVvO 0.116 0.012 0.05
IAT -7.547** 4.766 -3.77
Costant -1.708 -19.757 1.047
Left-censored obs 2053 1639 1754
Uncensored obs 1045 1387 1267
Right-censored obs 102 174 179

Tab 2. Random — effect Tobit Regression. Amount of punishment as dependent variable (from 0 to
10 tokens). 20 Subjects for each t-DCS condition (SHAM-TPJ-VMPFC). ***1% significance
**5%significance *10% significance.

In the second analysis, considering the decision to punish in subjective unfair trials, analyses showed
a significant effect of: unfairness (p < 0.001), SVO angle (p = 0.026) and VMPFC (p = 0.056). This
implies that when players C faced higher levels of subjective unfairness, they were more likely to
punish. Moreover, higher player C’s concern for the others (measured by means of SVO) increased

the probability of sanctioning unfair players A. Finally, under the VMPFC condition, punishment of
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unfair players A was more likely in VMPFC condition. That is, the stimulation of VMPFC seemed
to positively affect altruistic punishment. In subjective fair trials, analyses showed a significant effect
of fairness (p < 0.001) and TPJ (p = 0.037) (see Table 3). This means that the higher Player A’s
transfer with respect to Player C’s fairness reference point, the lower the probability to punish. Unlike,
tDCS of TPJ positively affects the probability to punish and therefore the presence of antisocial

punishment.

Considering the amount of punishment in unfair trials, analyses showed significant effect of:
unfairness (p <0.001), FRONT (p =0.056) and SVO angle (p=0.024). This means that a higher level
of subjective unfairness, player C’s concern for the others and stimulation of VMPFC increased the
intensity of the sanction when player A behaved unfairly. In fair trails, analyses showed a significant
effect of the fairness (p <0.001) and TPJ (p = 0.029) (see Table 4). That is, when player A was more

than fair, stimulation of TPJ increased the level of antisocial punishment.

Fair trials Unfair Trials
Level of unfairness 0.156%**
Level of fairness -0.18]***
TPJ 1.355%* 0.514
VMPFC 0.677 0.844*
Age -0.102 0.087
Female -0.263 -0.22
SVvO -0.009 0.029%**
IAT -1.37 -0.674
Ingroup -0.068 -0.022
Costant 1.532 -3.201*

Tab 3. Random — effect Probit Regression for Fair and Unfair trials. Decision to punish as dependent
variable (equal to 1 if C subtracts tokens to A, 0 otherwise). ***1% significance **5%significance
*10% significance.

Fair trials Unfair Trials

Level of unfairness 0.77***
Level of fairness -0.411%***

TPJ 4.926** 1.671
VMPFC 2.56 3.038*
Age -0.38 0.202
Female -1.293 -1.266
SVO -0.032 0.106**
IAT -4.647 -2.433
Ingroup -0.154 -0.021
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Costant 5.297 -9.555
Left-censored obs 2831 2615
Uncensored obs 938 2761
Right-cesored obs 107 348

Tab 4. Random — effect Tobit Regression for Fair and Unfair trials. Amount of punishment as
dependent variable (from 0 to 10 tokens). ***1% significance **5%significance *10% significance.
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Figure 3. A, random-effect probit with decision to punish as dependent variable. B, random-effect

tobit regressions with amount of punishment as dependentvariable.

error. Gray and Black indicate Fair and Unfair trials

1.3.2 Results of Psychological traits

Bars represent the standard

The D score of IAT was calculated as the difference of reaction times between congruent and

incongruent trials. This index evaluate implicit race bias towards European and Asian faces. In the

present study, participants showed a mean IAT-D score of 0.46 (sd = 0.29). A one-way ANOVA

between groups (sham, TPJ, VMPFC) did not show significant differences in IAT-D score p = 0.296.
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Results showed that, on average, participants associated pleasant words to own racial group, showing

a moderate preference toward their group (Greenwald et al 1998, 2003).

The SVO mean score of the sample was 26.39 (sd = 13.67). A one-way ANOVA between groups
(sham, TPJ, VMPFC) did not show a significant difference in SVO score, p = .828 revealing that
participants were characterized by prosociality with no differences among the three assigned tDCS

conditions.

The IRI mean score of the sample was 67.66 (sd = 14.09). The one-way ANOVA between groups

(sham, TPJ, VMPFC) did not show a significant difference in IRI score p = .781.

1.4.1 Discussion

The current study is the first attempt to investigate the casual role of VMPFC and TPJ on altruistic
and antisocial punishment, by combining TPP game with anodal tDCS. These two sites were chosen

because they are parts of reward system and mentalizing systems respectively.

Furthermore, it addressed whether in-group vs out-group nationality membership modulates

punishment behaviors of third party.

At the behavioral level, results showed the feasibility of applying a TPP game to trigger both altruistic
punishment and antisocial punishment. Indeed, firstly unfair trials increased decisions to punish and
amounts of punishment of players C, compared with fair trials. This finding is in line with previous
literature, which showed that third parties tended to spend own resources to punish unfair behaviors
even when they were not directly involved in the unfair economic exchanges (Ciaramidaro et al.,
2018; Fehr & Fischbacher, 2004; Jensen et al., 2010; Morese et al., 2016; Rabellino et al., 2016).
Secondly, the TPP game, even if less frequently, enhanced players C’s antisocial punishment in fair

trials. Also this result converges with the evidence, described by Rabellino et al. (2016) and Morese
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et al. (2016), that most of participants spent small amounts of money to punish fair behaviors during

a TPP game.

Regarding the modulatory role of VMPFC and TPJ in punishing behaviors, our data revealed for the
first time that reward and mentalizing networks differently modulate altruistic and antisocial
punishment. Indeed, while anodal tDCS over VMPFC shows a trend increased altruistic punishment,
anodal tDCS over TPJ increased anti-social punishment choices. Particularly, the result that anodal
tDCS over right TPJ significantly triggered, during fair trials, an increase of punishment behaviors,
is a novelty for the research on neural correlates of punishment behaviors. However, recent
neuroimaging studies demonstrated a critical role of TPJ and mentalizing system in TPP
(Baumgartner et al 2012; Bellucci et al 2017; Zinchenko & Klucharev, 2017). The ability to attribute
mental states to ourselves and others is an important aspect in social cognition. This ability is often
referred to as “mentalizing”, “mindreading” or “theory of mind” (Frith & Frith, 2006; Saxe, 2006)
and plays a crucial role in altruistic decision making because it allows to understand the mental
(affective) states of others, their beliefs and intentions. Neuroimaging and lesion studies showed that
the recruitment of the bilateral TPJ is fundamental in people’s metalizing ability (Samson et al., 2004;
Schaafsma et al., 2015; Schurz et al., 2014). Indeed, a recent fMRI study revealed an increased
activity of TPJ while third parties observed victim receiving help (Hu et al., 2016). The involvement
of the TPJ could be explained not only by the process of mentalization but also by the attentional
charge that is required when making a specific choice against the norm (David et al., 2017). In
addition, other neuroimaging studies showed an increased activation of bilateral TPJ during
competitive economic games (Halko et al., 2009; Votinov et al., 2015). These data support the
possible competitive nature of antisocial punishment. This behavior indeed might be a perfidious way
of reducing other’s pay off in order to obtain the higher pay off (Fliessbach et al., 2007). Barclay
(2013) also proposed that antisocial punishment could be a means to discredit competitors, preventing

them from cooperating (Barclay, 2013, 2016; Pleasant & Barclay, 2018). Indeed, according to the
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biological markets theory (No€ & Hammerstein, 1994, 1995), cooperation helps the development of
a reputation that makes the cooperator more likely to be chosen for a beneficial cooperative
partnership (Sylwester & Roberts, 2010). Pleasant & Barclay (2018) in a recent study demonstrated
that antisocial punishment was used during a public good game as a means to be chosen for a
following cooperative task (trust game). Authors suggested that antisocial punishment was used to
avoid looking bad when cooperation was needed. We speculated that the enhancement of the neuronal
activity of TPJ could increase the capability to infer Player A’s mental state. Consequently, Players
C could punish first part’s altruistic behavior because they could interpret it as a way of player A to

develop his reputation for a possible next competition.

Furthemore, analyses showed that anodal stimulation of VMPFC, compared with sham tDCS,
increased both the decision to punish and the amount of punishment in unfair trials, confirming the
role of VMPFC in mediating the altruistic punishment. These findings, even if at limits of
significance, are in line with a recent tDCS study reporting enhanced altruistic behaviors in a Dictator
game after anodal stimulation of VMPFC, while none significant effect followed cathodal
stimulation, compared with sham (Zheng et al., 2016). The association between activity of VMPFC
and cooperative behaviors such as altruism, emerged in our study, is further confirmed by clinical
lesions studies (Krajbich et al., 2009; Moretto et al., 2013), showing that patients with demage to the
VMPFC divided less equally their endowment when acting as dictators in a Dictator game. Our results
support also recent fMRI data (Mathur et al., 2010; Morese et al. 2016; Waytz et al., 2012).
Particularly, Morese and her colleagues demonstrated increased activation of VMPFC when subjects
punished the unfair condition in a TPP paradigm. However, in this study the VMPFC was also
involved in punishing player A fair transfers, suggesting that the VMPFC might have a key role in
both altruistic and antisocial punishment. Regarding TPJ, Morese et al. (2016) showed that this region

mediated punishing unfair trials acted by in-group members (i.e. when player A was chinese in TPP

19



paradigm), that is the parochial altruism. Our study extends these results, showing that stimulating
VMPFC and TPJ differently affected punishment behaviors, with anodal tDCS over VMPFC
increasing altruistic punishment and anodal tDCS over TPJ icreasing antisocial punishment. We can
speculate that even though the mentalizing network, which includes both the VMPFC and TPJ, is
crucially involved when social interactions require punishing (Baumgartner et al., 2012; Morese et

al., 2016), as those occuring during TPP, these two regions have specific and discernable roles.

However, it is possible that the increased altruism following anodal stimulation of VMPFC observed
in our study, rather than being associated to the specific role of VMPFC in altruistic punishment, is
due to tDCS affecting adjacent structures, such as DLPFC. Indeed, this region, as part of central
executive network, has been demonstrated to be crucial in TPP induced behaviors (Knoch et al., 2009;
Krueger & Hoffman, 2016; Nihonsugi et al., 2015; Zinchenko & Klucharev, 2017). Interestingly, a
tDCS study by Zheng et al. (2016) allows us to rule out this possibility. Indeed, stimulating the
VMPFC and the DLPFC in two different experiments, authors showed that only tDCS over the
VMPFC, and not over the DLPFC, significantly increased cooperative choices in a Dictator game.
These results support our hypothesis, providing evidence that altruism specifically depends on
VMPEFC activity. By contrast, the DLPFC might more likely mediate economic exchanges when self-
interested motives are involved, as demonstrated by previous neurostimulation studies (Knoch et al.,

2006, 2008).

Moreover, our data revealed that high scores in SVO significantly increase the probability to punish
and the amount of punishment during unfair trials. This result is in line with prior research (De Cremer
& Van Lange, 2001; Stouten et al., 2005; Van Dijk et al., 2004; Van Lange, 1999) which showed that
Prosocials (people with high scores in SVO) endorsed a true norm of fairness and therefore they
should reject unfair proposes or punish unfair behavior more likely than Proselfs (people with low

scores in SVO).
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Our results, differently by previous studies (Baumgartner et al 2012; Morese et al., 2016; Rabellino
et al., 2016), did not report substantial impact of group membership in punishment behavior. This
result could be related to a different distribution of initial amount of the players. In Morese et al.
(2016) Player A had more tokens than Palyer C and this not equal distribution could emphasize the
group membership and the competition between groups. In contrast, in our study Player A and Player
C had the same amount of tokens and this could mitigate the group membership. However, further
studies are needed to corroborate this hypothesis and confirm the results with other social groups of

different nationality.

To conclude, our findings highlight that tDCS differently modulates the VMPFC and the TPJ activity
when people observe unfair and fair economic interactions, suggesting that different brain networks,
namely the reward and mentalizing systems, underlie altruistic and anti-social punishment
behaviours. However, further studies are needed to corroborate our results. Mainly, a better
understanding of the nature of altruistic and antisocial punishment could drive to more exhaustive
conclusions on whether and how these brain networks work in synergy when social interactions

stimulate punishing behaviours.
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