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Abstract

This research aims to explore the neural correlates involved in altruistic punishment, paro-
chial altruism and anti-social punishment, using the Third-Party Punishment (TPP) game. In
particular, this study considered these punishment behaviors in in-group vs. out-group
game settings, to compare how people behave with members of their own national group
and with members of another national group. The results showed that participants act altru-
istically to protect in-group members. This study indicates that norm violation in in-group
(but not in out-group) settings results in increased activity in the medial prefrontal cortex and
temporo-parietal junction, brain regions involved in the mentalizing network, as the third-
party attempts to understand or justify in-group members’ behavior. Finally, exploratory
analysis during anti-social punishment behavior showed brain activation recruitment of the
ventromedial prefrontal cortex, an area associated with altered regulation of emotions.

Introduction

The ability to cooperate is one of the features that characterizes human beings and represents a
crucial step in social evolution: it shapes the norms that allow the creation of groups and the
development of institutions [1-2]. In social groups, adherence to shared rules and social
norms is essential for survival, and transgressors are punished for cheating even in the absence
of any personal benefit [3]. Fehr and Gichter [3] defined this form of behavior as altruistic
punishment, (see also [4-5]). Various economic games have investigated altruistic punish-
ment, revealing its crucial role in maintaining cooperation among participants [6-11]. A well-
studied case is the Third-Party Punishment (TPP) game. In the TPP game a third party (player
C) observes an economic interaction between player A and player B. Player A can share part of
his own amount of money with Player B, who has a passive role and can only accept player A’s
proposal. Player C can spend part of his own amount of money to punish player A’s (unfair)
behavior, even though he is not directly affected by Player’s A moves.
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There is a wealth of neuroimaging literature that describes the neural networks underlying
TPP. Increased activation of the dorsolateral prefrontal cortex has been observed among par-
ticipants making decisions about punishing defectors of social norms [12-13], while increased
activation of the thalamus, nucleus accumbens, anterior cingulate cortex, insula [11], and cau-
date nucleus have been found to reflect the satisfaction of a third-party when punishing defec-
tors [14-15]. The latter set of brain regions has been identified as the reward system [11].
Furthermore, some researchers have also associated punishing behavior during economic
games with increased activation of the mentalizing network (e.g. medial prefrontal cortex and
temporo-parietal junction), salience network (e.g. amygdala, insula) and central-executive net-
work (e.g. dorsolateral prefrontal cortex, posterior parietal cortex). In particular, the dorsolat-
eral prefrontal cortex seems to be important in the implementation of intention-based
economic cooperation, and also has an important role in moral judgment, understanding and
determining moral responsibility, and assigning appropriate punishment [16].Experimental
evidence gained during cooperative vs. competitive processes has pointed to differences in
interactions with in-group members, i.e. participants belonging to the same group, and out-
group members, i.e. participants belonging to different groups [17-18]. In particular, people
tend to cooperate more in in-group than in out-group settings [19-20]. In social interactions
between different groups people tend to protect or favor, even without any personal gain, their
own group members at the expense of those of other groups [21-22]. Bernhard et al. defined
this in-group and out-group difference as parochial altruism [23] (see also [24-25]. In a previ-
ous study Rabellino et al. [26] examined this behavior in in-group and out-group game settings
where the groups differ for nationality (Chinese or Italian). Behavioral results indicated that
altruistic punishment behavior emerges as the tendency to protect in-group victims of unfair
behavior (see also [23]). The first study that explored the neural correlates of parochial altruism
[27], in which in-group and out-group conditions were composed by officer candidates ran-
domly assigned to different platoons (groups) at the beginning of the training course, revealed
that the punishment of members belonging to the same group was associated with increased
activity and connectivity within the mentalizing system. Notably, this system is involved in
predicting other people’s behavior and inferring their mental states, such as thoughts, beliefs,
desires, and intentions [28-32].

Goette et al. explored the existence of an opposite and apparently paradoxical behavior,
namely anti-social punishment, which is the tendency to spend one’s own money even to pun-
ish cooperative behavior [33]. In order to explain such unusual and puzzling behavior Herr-
mann et al. suggested that people who have acted unfairly in the past and have been punished
for that reason, may use antisocial punishment as a form of revenge on cooperators [34]. Alter-
native explanations may entail specific personality traits: individuals with a competitive per-
sonality would tend to increase the drive to maximize other individuals’ payoffs. However, the
interpretation of antisocial punishment is far from conclusive as the motivations behind this
paradoxical behavior have yet to be understood. Owing to the difficulty of reconciling this
behavior with the classical models of evolution of cooperation, it was not included in earlier
models of social behavior [34-35].

Finally, racial prejudice can also influence economic decision-making in the context of in-
group and out-group settings. Behavioral studies [36-37] have shown that social group cues,
such as a partner’s gender or ethnicity, can shape trust decisions in economic games. In addi-
tion, empathy can contribute to economic decision-making [38], and can facilitate prosocial
behavior in economic games in the form of greater cooperation or generosity [39-41].

In [26] the authors investigated and analyzed only the behavioral aspects of altruistic pun-
ishment, parochial altruism and antisocial punishment in an in-group and out-group game
setting. The aim of the present study was to focus our attention on the neural substrates
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underlying altruistic punishment, parochial altruism, and anti-social behavior in in-group and
out-group settings. The novelty and interesting aspect of this study is that the group settings
were created using the participants’ real nationality group membership:, i.e. Italian vs. Chinese.
Baumgartner et al. [27] only investigated the neural circuitry of the impact of group member-
ship, i.e. parochial altruism, on social norm enforcement, in which in-group and out-group
conditions were composed by officer candidates randomly assigned to different platoons
(groups) at the beginning of the training course. The present paper is the first to also investi-
gate the neural activity of brain areas underlying altruistic and anti-social punishment, in addi-
tion to parochial altruism. Furthermore, differently from Baumgartner et al.[27], in our study
group membership was based on the participant’s nationality.

At behavioral level we expected to replicate the results obtained in a previous study [26]. In
particular, we expected that: i. player C would punish unfair behavior by the dictator (player
A), i.e., altruistic punishment; ii. player C would invest more money to punish the dictator’s
unfair behavior if player B was an in-group member rather than an out-group member, i.e.,
parochial altruism; iii. player C would, albeit to a lesser extent, spend resources to punish the
cooperator, i.e., anti-social punishment.

In addition, in the present study we investigated the neural correlates involved in the
above-mentioned punishment behaviors. Following on previous neuroimaging studies of
behavior during TPP economic games [11-15], [42] we expected that: iv. altruistic punishment
would be associated with activation of the reward system; v. parochial altruism would recruit
brain regions involved in the mentalizing system. Lastly, for exploratory purposes, in the case
of participants who adopted this kind of behavior, as occurred in [26], we also investigated the
neural correlates underlying antisocial behavior in both the in-group and out-group settings.

Finally, given that previous studies have shown that empathy [38] and racial prejudice [36—
37] have a role in decision-making processes, we explored the role of these factors in explain-
ing the behaviors in question.

Methods
Participants

Twenty-three Italian male volunteers (age 24.56 + 1.87 years) were recruited from among
undergraduate students at the University of Turin. We chose to include males only, in order to
avoid the effect of gender differences on cooperative choices, see [43-44]. We also excluded
students of Psychology or Economics since they might already have been familiar with eco-
nomic games. Two participants were excluded from the study because of excessive movement
(>2 mm) during the fMRI scans. The experimental subjects were right-handed according to
the Edinburgh Handedness Inventory [45] and did not have a history of neurological or psy-
chiatric disorders. None of them was taking medication affecting the central nervous system
or had any previous experience of economic games. After a detailed presentation of the study
all participants gave their written informed consent. The study was approved by the Bio-Ethics
Committee of the University of Turin.

Procedure and measures

We used the TPP paradigm. In particular, we added a third player (C) to a classic Dictator
Game, such as in Strobel et al. [11]. In a Dictator Game two players interact: player A, the dicta-
tor, and player B, the receiver. In our experiment player C watched a video of a modified Dicta-
tor Game acted out by player A and player B in the MR scanner waiting room. Here, the
experimenter read English instructions to the players, two Italian and two Chinese (confederates
of the experimenters) on how to play the game. We controlled that the experimental subjects
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were not aware that the other participants were confederates of the experimenters. We tested
this aspect with post-experiment open questions in which we asked the experimental subjects to
give their opinions about the other players (for example “What do you think about the other
players?” “Do you think the other players know each other?”). None of the experimental subjects
mentioned the possibility of the Chinese participants being confederates of the experimenter.

After the debriefing, player C read the instructions on his role in the TPP game and
answered a questionnaire to assess his understanding of the game. TPP training was per-
formed outside of the scanner to ensure that participants understood the game. A short prac-
tice session in the scanner was administered to familiarize the participants with the response-
recording system. The trial games were pseudo-randomized (software E-Prime 2.0, 2007, Psy-
chology Software Tools).

Two functional runs of the TPP were administered to each subject, with an anatomical scan
in between. In each run, subjects took part in 48 trials (repetitions of the game) in an event-
related design, composed of 24 fair and 24 unfair conditions. The order of runs was counter-
balanced across subjects. Each trial included: player A’s move (fair or unfair) presented for 4.5
sec., jittered fixation cross lasting 5 or 7 sec. and player C’s decision. Subjects had 4.5 seconds
to decide on whether to punish player A using a keypad with a scale from 0 to 4 MU (see Fig 1
for an example). Each subject’s decision was displayed on the screen. Trials were separated by
jittered inter-trial intervals (fixation cross, duration = 10 or 12 sec.). The participants did not
know the identity of players A and B, but only their nationality, which was represented by the
Italian or Chinese flag, used to manipulate in-group and out-group settings and to identify
participants’ membership. National flags may represent a contextual situation where a non-
social stimulus can effectively become equivalent to a social one [46].

Player A Player B

Player A sends to Player B

10 points

+ Player A Player B

% Tt
4.5 sec How many points do you want

to deduct from Player A?

BB

(deductfon points

5-7 sec

will be multiplied by 2,5)

10-12 sec

Fig 1. An example of a trial used in the present study. In this case Players A and B belonged to the out-out
group condition (OUT- OUT).

doi:10.1371/journal.pone.0166357.9001
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Four different player combinations were displayed depending on their in-group and out-
group membership relative to player C: the in-in group condition (IN-IN), where players A
and B belonged to the same group as player C; the out-group condition (OUT-OUT), where
player A and player B belonged to the out-group; (IN-OUT), player A belonged to the in-
group and player B belonged to the out-group; (OUT-IN), player A belonged to the out-group
and player B to the in-group.

At the beginning of each trial player A had an initial endowment of 20 Monetary Units
(MU) that he could decide to give (or not) to player B. Also player C at the beginning of each
trial had an initial endowment of 4 MU. In particular the experimenter told the participants
that “Player A could send to Player B some, all, or none of his sum” and that “Player C was free to
assign a number of deduction points from his endowment, from zero to 4, to Player A”. We high-
light that the experimenter, in order to avoid any bias, never defined Player A’s behavior as
“fair” or “unfair”. Following Strobel et al. [11] and Fehr & Fischbacher [7], the trials were clas-
sified as unfair (< 7 MU) or fair (>8 MU) based on the amount of MU given by player A to
player B. The fair/unfair cut-off was not revealed to subjects prior to the experiment. For every
MU spent by player C, 2.5 MU were subtracted from Player A’s payoft: for example, if player C
spent all of his 4 MU (the maximum punishment) to sanction player A’s behavior, 10 MU
would be subtracted from player A’s payoff. In the experiment, player A and player B belonged
to the Italian or Chinese group. After the fMRI session, the participants were administered a
version of the Implicit Association Test (IAT) [47-48] to evaluate implicit race bias towards
European and Asian faces. During testing, participants’ reaction times for two critical sets of
trials were recorded. In the first set, faces of people in the participant’s own racial group were
paired with pleasant words (congruent trials), and in the second set with unpleasant words
(in-congruent trials.) The difference in reaction times between congruent and in-congruent
trials measures implicit race bias (IAT D-score). Participants” empathy skills were measured
using the Interpersonal Reactivity Index (IRI) [49].

Participants received a lump sum payment of 20 euros for taking part in the experiment,
plus the money earned during the TPP game (ranging from 0 to 20 euros). The average earn-
ings were 32.20 euro per participant.

Data acquisition and analysis. Blood-oxygen-level-dependent (BOLD) responses were
measured while participants performed the TPP using a Signa 1.5 T head scanner (GE Health-
care, Milwaukee, Wisconsin) at the CTO Hospital in Turin. Head motion was restricted using
soft padding around the head. Functional data were acquired using T2*-weighted Echo-Planar
Images (EPI) (TR = 2.25s, TE = 50ms, slice-matrix = 80x80, slice gap = 0.28 mm, field of view
(FOV) = 21 cm, flip angle = 90°, slices aligned on the AC-PC line) during two functional runs.
The first four volumes of each run were discarded to allow for equilibration of T1 saturation
effects. In between the fMRI runs T1-weighted anatomical images (Sag 3D BRAVO) were also
acquired (with resolution 1 mm3; TR = 7.92 ms; TE = 2.4 ms; TI = 910 ms; BW = 195 Hz/Px;
a=15").

Behavioral data. Behavioral data analyses were carried out using SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) with o set to p<0.05 (two tailed). Altruistic punishment was studied by
measuring the nationality factor at four levels with respect to player C’s nationality (in-group
condition (IN-IN), players A and B belonged to player C’s group; the out-group condition:
(OUT-OUT), player A and player B belonged to the out-group; (IN-OUT), player A belonged
to the in-group and player B belonged to the out-group; (OUT-IN), player A belonged to the
out-group and player B to the in-group). We also calculated a repeated-measures ANOVA
with fairness at two levels (fair; unfair) and Group Membership at four levels (IN-IN), (OUT-
OUT), (IN-OUT) and (OUT-IN). To test parochial altruism behavior we used a repeated-mea-
sures ANOV A with the nationality factor at four levels: (IN-IN), (OUT-OUT), (IN-OUT) and
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(OUT-IN) during the unfair condition. We then conducted a post hoc paired t-test. To explore
antisocial punishment behavior we applied a repeated-measures ANOVA with the nationality
factor at four (IN-IN), (OUT-OUT), (IN-OUT) and (OUT-IN) during the fair condition. In
case of significant multivariate effects, post hoc paired t-tests were conducted. In order to
investigate the relationship between individual characteristics, such as empathy and implicit
race bias, and punishment behavior we used the Pearson Correlation.

FMRI data. Data were analyzed using SPM8 (Wellcome Department of Cognitive Neurol-
ogy, London, UK) implemented in Matlab (Mathworks, Cherborn, MA, USA). All functional
images were spatially realigned to the first volume and coregistered to the mean image. All
images were normalized to the MNI (Montreal Neurological Institute) space and smoothed
with an 8 mm Gaussian Kernel, with an additional 6 mm smoothing at the first level for paro-
chial altruism (considered the complexity of in-group vs. out-group contrasts during this
condition).

After preprocessing we applied General Linear Modelling (GLM) [50] for statistical analy-
sis. At the first level, each trial was modeled by convolving a stick function with a hemody-
namic response function. The GLM consisted of a set of 17 regressors: four categorical
regressors for social group membership: (IN-IN), (IN-OUT), (OUT-IN) and (OUT-OUT)
conditions were included for each fairness condition (fair and unfair); two categorical regres-
sors for player C’s decisions (punishment and no punishment), six parametric regressors for
motion extent and one regressor for the nationality check trial.

At the second level, to investigate the neural correlates of altruistic punishment behavior,
we performed a one-sample t-test of the contrast unfair punishment vs. unfair no punishment
across all the participants. To test our hypotheses on the network areas recruited during paro-
chial altruism we used a full factorial model with four levels during the unfair condition for the
four group settings, (IN-IN), (IN-OUT), (OUT-IN), (OUT-OUT) across all the participants.
To explore neural correlates of anti-social punishment, we performed a separate one-sample t-
test of the contrast fair punishment vs. fair no punishment. This analysis was limited to those
participants (n = 10) who showed this particular and puzzling behavior. For altruistic punish-
ment and parochial altruism we used a small volume correction (SVC) with a sphere of 10 mm
radius centered on coordinates based on previous neuroimaging studies on punishment. Spe-
cifically,for altruistic punishment, we focused on: the ventromedial prefrontal cortex (10 mm
radius sphere centered on x =2y =54 z = - 4 [14], the ventral tegmental area (x =8y =-18z=
-10 [51], the anterior cingulate cortex (x =0y =44z =10 [51], theleft (x=40y=162z="-2
[11]) and right anterior insula (x = 32 y = 24 z = -4 [11]), for dorsolateral prefrontal cortex we
applied results reported by Knoch et al. [12] x = 39 y = 37 z = 22, Talairach coordinates con-
verted to MNI x = 43 y = 41 z = 25 using http://www.sdmproject.com/). For Parochial Altru-
ism we focused on: the left (x = -3 y = 54 z = 28 [52]) and right medial prefrontal cortex (x =6
y =50z =31 [52]), the right (x = 47 y = —61 z = 39 [52]) and left temporal-parietal junction
(x =-46 y = -63 z = 41 [52]), and the caudate nucleus (5 mm radius sphere centered on x = -14
y =12z = 8 based on [53] and [54]. All results are presented within a statistical threshold of
p<0.05 family-wise error corrected for multiple comparisons. For the exploratory whole brain
analyses of anti-social punishment only, we used a liberal threshold of p< 0.005 uncorrected
and a cluster size of k>10.

Results
Behavioral results

In the altruistic punishment analysis there was a main effect of fairness (F(; 59y = 35.697, p <
.001) with participants investing more MU to punish the unfair condition as compared to the
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Fig 2. FMRI results: Altruistic Punishment. Brain activation maps during altruistic punishment behavior for the punishment
vs. no punishment contrast: (A) ventral tegmental area (VTA), anterior cingulate cortex (ACC);(B) right and left insula (rAl; 1Al),
ventromedial prefrontal cortex (VMPFC).

doi:10.1371/journal.pone.0166357.9002

fair condition (post hoc paired t-test: p < .001). There were no significant effects of players’
group membership (F(; 59y = .002, p =.969) and no group by membership interaction (F 29y =
1.459, p = .244).

In the parochial altruism analysis there was a main effect of nationality (F 360y = 3.194, p <
.049). Follow-up t-tests indicated that the participants spent more MU on punishment in
unfair (IN-IN) than in unfair (IN-OUT) conditions (t;) = 1.994, p = .01). No significant dif-
ferences emerged from other comparisons.

Finally, the anti-social punishment analysis revealed a significant effect of nationality
(F(3.60) = 3.804, p < .015). Post-hoc paired t-tests indicated that in the fair condition partici-
pants tended to punish more frequently in (OUT-OUT) settings than in (OUT-IN) ones
(t21) = 1.980, p = .008).

FMRI results

Altruistic Punishment. In the unfair condition we found significant increased activation
during punishment vs. no punishment in the following brain areas: ventral tegmental area
(VTA), right and left anterior insula (rAI; 1AI), anterior cingulate cortex (ACC), ventromedial
prefrontal cortex (VMPFC) (see Fig 2 and Table 1).

Parochial altruism. Neural activity increased bilaterally in the medial prefrontal cortex
and temporo-parietal junction and the caudate nucleus (CN, see Fig 3 and Table 1) in the
IN-IN condition as compared to IN-OUT.

Antisocial punishment. Results showed increased brain activity in the ventromedial pre-
frontal cortex (VMPFC) in the fair condition for the contrast punishment vs. no punishment
(Fig 4 and Table 1).

Psychological traits

Lastly, to evaluate implicit race bias towards European and Asian faces we analyzed the differ-
ences of reaction times between congruent and in-congruent trials measuring implicit race
bias (IAT-D score). As mentioned previously, during testing, participants’ reaction times for
two critical sets of trials were recorded. In the first set, faces of people in the participant’s own
racial group were paired with pleasant words (congruent trials), and in the second set with
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Table 1. Brain regions revealed by contrasts of interest.

Region of activation Coordinates Z-score p-value
X Y z

Altruistic punishment punishment > no punishment

ventromedial prefrontal cortex -0.7 48 -2 3.62 0.005

ventral tegmental area 2 -20 -2 3.33 0.006

anterior cingulate cortex 2 45 4 3.54 0.011

L anterior insula -33 9 -2 3.66 0.008

R anterior insula 38 15 -2 3.79 0.005

Parochial Altruism unfair in-group condition (IN-IN) > unfair out-group condition (IN-OUT)

L medial prefrontal cortex -10 58 34 2.99 0.019

R medial prefrontal cortex 12 55 28 3.17 0.012

R temporal-parietal junction 48 -56 40 6.77 0.000

L temporal-parietal junction -40 -59 34 6.06 0.000

caudate nucleus -10 15 10 2.29 0.040

Antisocial punishment punishment > no punishment

Ventromedial prefrontal cortex* 25 45 \ 4 \ 3.91 0.000

Peak activity coordinates are given in MNI space.

Altruism punishment and parochial altruism were analyzed using a small volume correction (SVC) with a sphere of 10 mm radius (5 mm radius for the
caudate nucleus) centered on the reported coordinates with a statistical threshold of p<0.05 family-wise error corrected for multiple comparisons.

* Liberal threshold of p< 0.005 uncorrected and a cluster size of k>10.

doi:10.1371/journal.pone.0166357.1001

unpleasant words (in-congruent trials.) The difference in reaction times between congruent
and in-congruent trials measures implicit race bias (IAT D-score). Scores of this index range
from -2 to +2. A positive IAT-D score indicates that participants associated pleasant words
and own racial group faster than unpleasant words, so implicit preference for own racial
group. In the present study participants showed a slight to moderate preference towards their
own group (IAT-D score = .34;(a value of £0.15 counts as a break point for a "slight", +0.35 for
a "moderate”, and +0.65 for a "strong" association; see references [47-48]). None of the correla-
tions performed between the IAT and each experimental condition yielded significant results
(all rs > .194, all ps < .398), for detailed results see S1 Table in Supporting Information. The
number of punishment events for unfair behavior showed a positive correlation with scores
for empathy (IRI questionnaire, r = .465; p = .034) for both the in-group and out-group
settings.

1

Fig 3. FMRI results: Parochial altruism. When player C observes unfair behavior in the in-in group condition (IN-IN) the recruitment of the mentalizing
system, the medial prefrontal cortex (MPFC), and the right and left temporal-parietal junction (rTPJ and ITPJ) and, in addition, of the caudate nucleus (CN)
were observed.

doi:10.1371/journal.pone.0166357.9003
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Fig 4. FMRI results: Antisocial punishment. Brain activation recruitment of the ventromedial prefrontal cortex during
antisocial punishment behavior for the punishment vs. no punishment contrast in the in-group and out-group settings.

doi:10.1371/journal.pone.0166357.9004

Discussion

In the present study we investigated the behavioral and neural correlates of third party punish-
ment. In particular, we focused on how in-group vs. out-group nationality membership modu-
lates the neural circuits underlying decision-making during the TPP economic game.

At behavioral level, our results confirm the altruistic punishment behavior, in line with the
relevant literature [3], [7], [26], [55], in both the in-group and out-group settings. Consistently
with previous fMRI studies [11],[14-15] which indicated the recruitment of reward system
areas during altruistic punishment behavior, our fMRI results reveal increased activation in
the VTA, rAIL 1AI, ACC and VMPEC; in particular the mibrain dopamine system and the
VTA play a pivotal role in motivation and reward. Cohen et al. [56] and Strobel et al. [11] sug-
gested that activation of the insula during punishment could be associated with processing of
disgust [57-58]. Craig proposed a model of insula functioning, which entails its integration
with the ACC into a complementary system, involved in voluntary motivation, or agency, and
interoception of bodily conditions [59]. Previous studies have suggested that increased activity
in the insula and the ACC reflects the interoceptive awareness of disgust evoked by the viola-
tion of social or moral norms [60]. Furthermore, previous studies have indicated the involve-
ment of the dorsolateral prefrontal cortex in the implementation of cognitive control and its
regulatory role in altruistic punishment [61], [11]. However, we did not observe the recruit-
ment of the dorsolateral prefrontal cortex. A possible explanation for this finding could be that
the experimental task used in the present study, aimed at attaining minimal cognitive compo-
nents, resulted in a reduced engagement of the brain regions involved in attention processing,
compared to those mentioned above. Another possible explanation for this negative finding
could lie in the fact that in the in-group and out-group settings participants might make their
choices without the recruitment of the dorsolateral prefrontal cortex for implementing inten-
tion-based economic cooperation, or moral judgment, understanding and determining moral
responsibility, and assigning appropriate punishment.

In this study, behavioral and neural experimental evidence suggest that the satisfaction
gained by punishing norm violations is the underlying motive for altruistic punishment behav-
ior. In particular, our results show that satisfaction following the punishment of unfair behav-
ior is felt in both in-group and out-group settings.

As for parochial altruism, we found that, in line with in-group favoritism [62], [20], partici-
pants were prone to protect their own group members by delivering harsh punishment to out-
group members [26], [27]. This behavior resulted in increased activity within brain regions
involved in mentalizing processes, including the MPFC and bilateral TPJ, and this change was
greater when comparing the in-group condition (IN-IN) with the out-group (OUT-IN)
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condition. This result seems to suggest that when player C watches player A acting unfairly, he
tries to understand the intentions or goals behind the in-group member’s unfair behavior in
order to justify it. Our results are in line with the relevant literature showing that these two
brain regions are key components of the mentalizing network, involved in inferring goals,
intentions, desires, as well as more enduring dispositions of others [29-32], [27], [63-65], [28].
In addition to this network, we observed increased activity of the caudate nucleus. This brain
structure has been associated with reward processing in several neuroimaging studies [66-68].

Finally, antisocial punishment is another important aspect emerging during TPP that can
be modulated by group membership. In line with the findings of Bortolotti et al. [69], who
reported considerable antisocial punishment behavior among Italian subjects, our behavioral
results showed that player C punished fair behavior in the out-group condition more often
when players A and B, both belonged to the out-group, as compared to when player A
belonged to the out-group and player B to the in-group. These results might suggest a form of
protection across in-group members, another possible explanation is that our task and experi-
mental procedure may have evoked this competitive behavior in-group setting. This behavioral
result was associated with increased activity of the ventromedial prefrontal cortex, which is a
brain region pivotal for social decision-making [70-72]. Patients with lesions in the VMPFC
have been found to show behavioral impairments affecting decision-making abilities and emo-
tion processing during social tasks, including moral judgment and economic games: in partic-
ular, such patients make more irrational economic decisions compared to controls [73], [70],
[72]. Moretti et al. showed that the VMPFC represents the subjective value or desirability of
future outcomes during social decision-making in economic tasks [74]. Notably, lesions in the
VMPEC have been associated with impairments in making value-based decisions in general
[73]. Other researchers have suggested that VMPFC deficits are associated with altered regula-
tion of emotions [70]. The activation of the VMPFC emerged from this exploratory analysis
may follow on from both the regulation of emotions and making value-based decisions during
punishment of cooperative behavior; however future studies are needed to ascertain the contri-
bution of each of these processes.

As far as the personal characteristics of the individuals participating in the present study are
concerned, we found that participants who tended to punish unfair behavior more often, irre-
spective of group membership, showed a positive correlation with scores of empathy (IRI
questionnaire). Previous literature has suggested that empathy is an important factor in deci-
sion-making processes [39]. Several studies have indicated that empathy facilitates prosocial
behavior towards others in the setting of economic games, in the form of greater cooperation
or generosity [39-41]. Indeed, when people have a greater motivation towards establishing
relationships with others this make them more likely to choose economic decisions benefiting
others [75]. These findings suggest that empathy play an important role in cooperative behav-
ior and may promote altruistic punishment behavior.

Finally, the participants showed a slight to moderate preference for their own racial group;
therefore, since in the present investigation racial and nationality belonging collapse, this vari-
able could have influenced our results about parochial altruism and antisocial punishment in
relation to preference for one’s own nationality group.

A limitation of the present study is the small size and gender of the sample. In addition we
cannot exclude that the use of flags could have affected participants’ behavior. In future, it
would be interesting to use a larger sample also including female participants and including
real face to face interactions to enable the generalization, or otherwise, of our results and fur-
ther investigate the puzzling anti-social punishment behavior we observed.

In conclusion, in line with the relevant literature this study confirms the role of punishment
behavior and the recruitment of reward systems during altruistic punishment behavior in both
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in-group and out-group settings. Moreover, our findings suggest a role of the mentalizing sys-
tem and caudate nucleus during the observation of unfair behavior in the in-group setting.

These results are in line with the evolution theory according to which cultural aspects
(knowledge, norms, language, beliefs, etc.) play a key role in maintaining in-group cooperation
[76]. However, the relationships between in-group and out-group membership and their
coevolution in punishment behavior are still unclear, therefore these aspects would need fur-
ther examination.

Supporting Information

S1 Table. Correlations between IAT score and punishment behavior.
(DOC)

Acknowledgments

We wish to thank Angela Ciaramidaro for her participation in a preliminary phase of the pres-
ent research. We are also grateful to Luana De Faveri for her precious technical support during
fMRI acquisition sessions.

Author Contributions
Conceptualization: RM DR FS MCV BGB FMB.
Data curation: RM DR MCV FMB.

Formal analysis: RM.

Funding acquisition: BGB FMB.

Investigation: RM DR FS MCV FMB.
Methodology: RM DR.

Project administration: BGB FMB.

Resources: MCV FMB BGB.

Software: RM DR.

Supervision: FS MCV BGB FMB.

Writing - original draft: RM.

Writing - review & editing: RM DR FS FP MCV FMB.

References

1. Helbing D, Szolnoki A, Perc M, Szabo” G. Evolutionary establishment of moral and double moral stan-
dards through spatial interactions. PLoS Comput Biol. 2010; 6(4), 1000758. doi: 10.1371/journal.pcbi.
1000758 PMID: 20454464

2. Tomasello M. Why we cooperate. Cambridge: The MIT Press. 2009; 208 p.

Fehr E, Gachter S. Fairness and retaliation: The economics of reciprocity. The journal of Economic Per-
spectives. 2000; 14(3): 159-181. doi: 10.1257/jep.14.3.159

4. Gintis H. Strong reciprocity and human sociality. J Theor Biol. 2000; 206(2): 169—179. doi: 10.1006/jtbi.
2000.2111 PMID: 10966755

5. Jensen K. Punishment and spite, the dark side of cooperation. Philos Trans R Soc Lond B Biol Sci.
2010; 365(1553): 2635—2650. doi: 10.1098/rstb.2010.0146 PMID: 20679108

PLOS ONE | DOI:10.1371/journal.pone.0166357 November 11, 2016 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166357.s001
http://dx.doi.org/10.1371/journal.pcbi.1000758
http://dx.doi.org/10.1371/journal.pcbi.1000758
http://www.ncbi.nlm.nih.gov/pubmed/20454464
http://dx.doi.org/10.1257/jep.14.3.159
http://dx.doi.org/10.1006/jtbi.2000.2111
http://dx.doi.org/10.1006/jtbi.2000.2111
http://www.ncbi.nlm.nih.gov/pubmed/10966755
http://dx.doi.org/10.1098/rstb.2010.0146
http://www.ncbi.nlm.nih.gov/pubmed/20679108

@° PLOS | ONE

Group Membership and Third Party Punishment

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.
29.

Boyd R, Gintis H, Bowles S. Coordinated punishment of defectors sustains cooperation and can prolif-
erate when rare. Science. 2010; 328(5978): 617—-620. doi: 10.1126/science.1183665 PMID: 20431013

Fehr E, Fischbacher U. Social norms and human cooperation. Trends Cogn Sc. 2004; 8(4): 185—-190.

Gintis H, Bowles S, Boyd R, Fehr E. Explaining altruistic behavior in humans. Evolution Human Behav-
ior. 2003; 24, 153—-172. doi: 10.1016/S1090-5138(02)00157-5

Henrich J, Boyd R, Bowles S, Camerer C, Fehr E, Gintis H, et al. In search of homo economicus: behav-
ioral experiments in 15 small-scale societies. Am Econ Rev. 2001; 91(2): 73-78.

Shinada M, Yamagishi T, Ohmura Y. False friends are worse than bitter enemies:“Altruistic” punish-
ment of in-group members. Evol Hum Behav. 2004; 25(6): 379-393.

Strobel A, Zimmermann J, Schmitz A, Reuter M, Lis S, Windmann S, et al. Beyond revenge: Neural and
genetic bases of altruistic punishment. Neuroimage. 2011; 54(1): 671-680. doi: 10.1016/j.neuroimage.
2010.07.051 PMID: 20673803

Knoch D, Pascual-Leone A, Meyer K, Treyer V, Fehr E. Diminishing reciprocal fairness by disrupting
the right prefrontal cortex. Science. 2006; 314(5800): 829—-32. doi: 10.1126/science.1129156 PMID:
17023614

Knoch D, Gianotti R, Baumgartner T, Fehr E. A neural marker of costly punishment behavior. Psycho-
logical Science. 2010; 21(3), 337—42. doi: 10.1177/0956797609360750 PMID: 20424065

de Quervain DJF, Fischbacher U, Treyer V, Schellhammer M, Schnyder U, Buck A, et al. The neural
basis of altruistic punishment. Science. 2004; 305(5688): 1254—1258. doi: 10.1126/science.1100735
PMID: 15333831

Buckholtz JW, Asplund CL, Dux PE, Zald DH, Gore JC, Jones OD, et al. The neural correlates of third-
party punishment. Neuron. 2008; 60: 930—940. doi: 10.1016/j.neuron.2008.10.016 PMID: 19081385

Buckholtz JW, Marois R. The roots of modern justice: cognitive and neural foundations of social norms
and their enforcement. Nature Neuroscience. 2012; 15: 655—61. doi: 10.1038/nn.3087 PMID:
22534578

Levine M, Prosser A, Evans D, Reicher S. Identity and emergency intervention: How social group mem-
bership and inclusiveness of group boundaries shape helping behavior. Personality and Social Psychol-
ogy Bulletin. 2005; 31, 443-453. doi: 10.1177/0146167204271651 PMID: 15743980

De Dreu CK, Greer LL, Handgraaf MJ, Shalvi S, Van Kleef GA, Baas M, et al. The neuropeptide oxyto-
cin regulates parochial altruism in intergroup conflict among humans. Science. 2010; 328, 1408—1411.
doi: 10.1126/science.1189047 PMID: 20538951

Tajfel H, Turner JC. The social identity theory of intergroup behavior. In Worchel S, Austin W, editors.
Psychology of intergroup relation. Chicago: Nelson Hall; 1986. Pp. 7—24.

Goette L, Huffmann D, Meier S. The Impact of Group Membership on Cooperation and Norm Enforce-
ment: Evidence using Random Assignment to Real Social Groups. American Economic Review. 2006;
96(2), 212-216.

Henrich J, Boyd R, Bowles S, Camerer C, Fehr E, Gintis H, et al. “Economic man” in cross-cultural per-
spective: Behavioral experiments in 15 small-scale societies. Behav Brain Sci. 2005; 28(6): 795-814.
doi: 10.1017/S0140525X05000142 PMID: 16372952

Henrich J, McElreath R, Barr A, Ensminger J, Barrett C, Bolyanatz A, et al. Costly punishment across
human societies. Science. 2006; 312(5781): 1767—1770. doi: 10.1126/science.1127333 PMID:
16794075

Bernhard H, Fischbacher U, Fehr E. Parochial altruism in humans. Nature. 2006; 442(7105): 912-915.
doi: 10.1038/nature04981 PMID: 16929297

Halevy N, Weisel O, Bornstein G. In-group love and out-group hate in repeated interaction between
groups. Journal of Behavioral Decision Making. 2012; 25, 188—195. doi: 10.1002/bdm.726

Saaksvuori L, Mappes T, Puurtinen M. Costly punishment prevails in intergroup conflict. Proc Biol Sci.
2011; 278, 3428-3436. doi: 10.1098/rspb.2011.0252 PMID: 21450740

Rabellino D, Morese R, Ciaramidaro A, Bara B, Bosco FM. Third-Party Punishment: Altruistic and anti-
social behaviors in in-group and out-group settings. Journal of Cognitive Psychology. 2016; 28(4); 1—
10. doi: 10.1080/20445911.2016.1138961

Baumgartner T, Gétte L, Glgler R, Fehr E. The mentalizing network orchestrates the impact of paro-
chial altruism on social norm enforcement. Hum Brain Mapping. 2012; 33, 1452—-69.

Adolphs R. Social cognition and the human brain. Trends in Cognitive Science. 1999; 3, 469—479.

Vogeley K, Bussfeld P, Newen A, Herrmann S, Happe F, Falkai P, et al. Mind reading: Neural mecha-
nisms of theory of mind and self perspective. Neuroimage. 2001; 14, 170-181. doi: 10.1006/nimg.
2001.0789 PMID: 11525326

PLOS ONE | DOI:10.1371/journal.pone.0166357 November 11, 2016 12/14


http://dx.doi.org/10.1126/science.1183665
http://www.ncbi.nlm.nih.gov/pubmed/20431013
http://dx.doi.org/10.1016/S1090-5138(02)00157-5
http://dx.doi.org/10.1016/j.neuroimage.2010.07.051
http://dx.doi.org/10.1016/j.neuroimage.2010.07.051
http://www.ncbi.nlm.nih.gov/pubmed/20673803
http://dx.doi.org/10.1126/science.1129156
http://www.ncbi.nlm.nih.gov/pubmed/17023614
http://dx.doi.org/10.1177/0956797609360750
http://www.ncbi.nlm.nih.gov/pubmed/20424065
http://dx.doi.org/10.1126/science.1100735
http://www.ncbi.nlm.nih.gov/pubmed/15333831
http://dx.doi.org/10.1016/j.neuron.2008.10.016
http://www.ncbi.nlm.nih.gov/pubmed/19081385
http://dx.doi.org/10.1038/nn.3087
http://www.ncbi.nlm.nih.gov/pubmed/22534578
http://dx.doi.org/10.1177/0146167204271651
http://www.ncbi.nlm.nih.gov/pubmed/15743980
http://dx.doi.org/10.1126/science.1189047
http://www.ncbi.nlm.nih.gov/pubmed/20538951
http://dx.doi.org/10.1017/S0140525X05000142
http://www.ncbi.nlm.nih.gov/pubmed/16372952
http://dx.doi.org/10.1126/science.1127333
http://www.ncbi.nlm.nih.gov/pubmed/16794075
http://dx.doi.org/10.1038/nature04981
http://www.ncbi.nlm.nih.gov/pubmed/16929297
http://dx.doi.org/10.1002/bdm.726
http://dx.doi.org/10.1098/rspb.2011.0252
http://www.ncbi.nlm.nih.gov/pubmed/21450740
http://dx.doi.org/10.1080/20445911.2016.1138961
http://dx.doi.org/10.1006/nimg.2001.0789
http://dx.doi.org/10.1006/nimg.2001.0789
http://www.ncbi.nlm.nih.gov/pubmed/11525326

@° PLOS | ONE

Group Membership and Third Party Punishment

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Bruneau EG, Pluta A, Saxe R. The Role of ‘Shared Pain’ and ‘Theory of Mind’ Networks in Processing
Others’ Emotional Suffering. Neuropsychologia. 2012; 50, 219-231. doi: 10.1016/j.neuropsychologia.
2011.11.008 PMID: 22154962

Saxe R,Kanwisher N. People thinking about people: The role of thetemporo parietal junction in “theory
of mind.” Neurolmage. 2003; 19, 1835-1842. PMID: 12948738

Gallagher HL, Happé F, Brunswick N, Fletcher PC, Frith U, Frith CD. Reading the mind in cartoons and
stories: An fMRI study of ‘theory of mind’ in verbal and nonverbal tasks. Neuropsychologia. 2000; 38,
11-21. PMID: 10617288

Goette L, Huffman D, Meier S, Sutter M. Competition between organizational groups: its impact on altru-
istic and anti-social motivations. Manage.Sci. 2012; 58 (5), 948—960. doi: 10.2139/ssrn.1967200

Herrmann B, Théni C, Gachter S. Antisocial punishment across societies. Science. 2008; 319 (5868),
1362—1367. doi: 10.1126/science.1153808 PMID: 18323447

Rand DG, Armao JJ IV, Nakamaru M, Ohtsuki H. Anti-social punishment can prevent the co-evolution
of punishment and cooperation. Journal of theoretical biology. 2010; 265(4): 624—632. doi: 10.1016/j.
jtbi.2010.06.010 PMID: 20540952

Fershtman C, Gneezy U. Discrimination in a Segmented Society: An Experimental Approach. Quarterly
Journal of Economics. 2001; 116(1), 351-377.

Stanley DA, Sokol-Hessner P, Banaji MR, Phelps EA. Implicit race attitudes predict trustworthiness
judgments and economic trust decisions. Proc Natl Acad Sci USA. 2011; 108, 7710-7715. doi: 10.
1073/pnas.1014345108 PMID: 21518877

Kirman A, Teschl M. Selfish or selfless: the role of empathy in economics. Phil. Trans. R. Soc. B. 2010;
365, 303—-317. doi: 10.1098/rstb.2009.0192 PMID: 20026468

Batson CD, Moran T. Empathy-induced altruism in a Prisoner’s Dilemma. European Journal of Social
Psychology. 1999; 29, 909-924.

Barraza JA, Zak PJ. Empathy toward strangers triggers oxytocin release and subsequent generosity.
Annals of the New York Academy of Sciences. 2009; 1167, 182—189. doi: 10.1111/j.1749-6632.2009.
04504.x PMID: 19580564

Crockett MJ, Clark L, Hauser MD, Robbins TW. Serotonin selectively influences moral judgment and
behavior through effects on harm aversion. Proc Natl Acad Sci U S A. 2010; 107,17433-17438. doi:
10.1073/pnas.1009396107 PMID: 20876101

Sanfey AG, Rilling JK, Aronson JA, Nystrom LE, Cohen JD. The neural basis of economic decision-
making in the ultimatum game. Science. 2003; 300, 1755—1758. doi: 10.1126/science.1082976 PMID:
12805551

Croson R, Gneezy U. Gender differences in preferences. J. Econ. Lit. 2009; 47, 448—-474. doi: 10.1257/
jel.47.2.448

Ellingsen T, Johannesson M, Mollerstrom J, Munkhammar S. Gender differences in social framing
effects. Econ. Lett. 2013; 118, 470-472. doi: 10.1016/j.econlet.2012.12.010

Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia.
1971; 9(1): 97—113. PMID: 5146491

Hassin RR, Ferguson MJ, Shidlovski D, Gross T. Subliminal exposure to national flags affects political
thought and behavior. Proc. Natl. Acad. Sci. (2007)U.S.A. 104, 19757—19761 doi: 10.1073/pnas.
0704679104 PMID: 18056813

Greenwald AG, McGhee DE, Schwartz JLK. Measuring individual differences in implicit cognition: The
Implicit Association Test. J Pers Soc Psychol. 1998; 74, 1464—1480. PMID: 9654756

Nosek BA, Sutin E, Hansen JJ, Wu L, Sriram N, Smyth FL, et al. Project Implicit: Advancing theory and
evidence with technical and methodological innovation. Unpublished manuscript: University of Virginia;
2006.

Davis MH. Measuring individual differences in empathy: Evidence for a multidimensional approach. J
Pers Soc Psychol. 1983; 44, 113-126.

Friston KJ, Holmes AP, Poline JB, Grasby PJ, Williams SCR, Frackowiak RS, Turner R. Analysis of
fMRI time-series revisited. Neuroimage. 1995; 2(1), 45-53 doi: 10.1006/nimg.1995.1007 PMID:
9343589

Liu X, Hairston J, Schrier M, Fan J. Common and distinct networks underlying reward valence and pro-
cessing stages: a meta-analysis of functional neuroimaging studies. Neuroscience & Biobehavioral
Reviews. 2011; 35(5), 1219-1236.

Schurz M, Radua J, Aichhorn M, Richlan F, Perner J. Fractionating theory of mind: A meta-analysis of
functional brain imaging studies. Neurosci. Biobehav. Rev. 2014; 42, 9-34. doi: 10.16/j.neubiorev.
2014.01.009 PMID: 24486722

PLOS ONE | DOI:10.1371/journal.pone.0166357 November 11, 2016 13/14


http://dx.doi.org/10.1016/j.neuropsychologia.2011.11.008
http://dx.doi.org/10.1016/j.neuropsychologia.2011.11.008
http://www.ncbi.nlm.nih.gov/pubmed/22154962
http://www.ncbi.nlm.nih.gov/pubmed/12948738
http://www.ncbi.nlm.nih.gov/pubmed/10617288
http://dx.doi.org/10.2139/ssrn.1967200
http://dx.doi.org/10.1126/science.1153808
http://www.ncbi.nlm.nih.gov/pubmed/18323447
http://dx.doi.org/10.1016/j.jtbi.2010.06.010
http://dx.doi.org/10.1016/j.jtbi.2010.06.010
http://www.ncbi.nlm.nih.gov/pubmed/20540952
http://dx.doi.org/10.1073/pnas.1014345108
http://dx.doi.org/10.1073/pnas.1014345108
http://www.ncbi.nlm.nih.gov/pubmed/21518877
http://dx.doi.org/10.1098/rstb.2009.0192
http://www.ncbi.nlm.nih.gov/pubmed/20026468
http://dx.doi.org/10.1111/j.1749-6632.2009.04504.x
http://dx.doi.org/10.1111/j.1749-6632.2009.04504.x
http://www.ncbi.nlm.nih.gov/pubmed/19580564
http://dx.doi.org/10.1073/pnas.1009396107
http://www.ncbi.nlm.nih.gov/pubmed/20876101
http://dx.doi.org/10.1126/science.1082976
http://www.ncbi.nlm.nih.gov/pubmed/12805551
http://dx.doi.org/10.1257/jel.47.2.448
http://dx.doi.org/10.1257/jel.47.2.448
http://dx.doi.org/10.1016/j.econlet.2012.12.010
http://www.ncbi.nlm.nih.gov/pubmed/5146491
http://dx.doi.org/10.1073/pnas.0704679104
http://dx.doi.org/10.1073/pnas.0704679104
http://www.ncbi.nlm.nih.gov/pubmed/18056813
http://www.ncbi.nlm.nih.gov/pubmed/9654756
http://dx.doi.org/10.1006/nimg.1995.1007
http://www.ncbi.nlm.nih.gov/pubmed/9343589
http://dx.doi.org/10.16/j.neubiorev.2014.01.009
http://dx.doi.org/10.16/j.neubiorev.2014.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24486722

@° PLOS | ONE

Group Membership and Third Party Punishment

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

Robinson JL, Laird AR, Glahn DC, Blangero J, Sanghera MK, Pessoa L, et al. The functional connectiv-
ity of the human caudate: An application of meta-analytic connectivity modeling with behavioral filtering.
Neurolmage 60 (2012) 117-129 doi: 10.1016/j.neuroimage.2011.12.010 PMID: 22197743

Enzi B, Lissek S, Edel M-E, Tegenthoff MN, Scherbaum N, Juckel G, et al. Alterations of monetary
reward and punishment processing in chronic cannabis users. An fMRI study. Plos One (2015). 10(3):
e€0119150. doi: 10.1371/journal.pone.0119150 PMID: 25799565

Bowles S, Gintis H. The evolution of strong reciprocity: cooperation in heterogeneous populations.
2004; Theor Popul Biol, 65, 17-28. PMID: 14642341

Cohen JY, Haesler S, Vong L, Lowell BB, Uchida N. Neuron-type-specific signals for reward and pun-
ishment in the ventral tegmental area. Nature. 2012; 482, 85—88. doi: 10.1038/nature 10754 PMID:
22258508

Calder AJ, Keane J, Manes F, Antoun N, Young AW. Impaired recognition and experience of disgust fol-
lowing brain injury’ Nature Neuroscience. 2000; 3(11), 1077—1078. doi: 10.1038/80586 PMID:
11036262

Sambataro F, Di Malta S, Di Giorgio A, Taurisano P, Blasi G, Scaeabino T, et al. Preferential responses
in amygdala and insula during presentation of facial contempt and disgust. Eur J Neurosci. 2006; 24:
2355-2362 doi: 10.1111/j.1460-9568.2006.05120.x PMID: 17042790

Craig AD. How do you feel—now? The anterior insula and human awareness. Nat Rev Neurosci. 2009;
10: 59-70. doi: 10.1038/nrn2555 PMID: 19096369

Schnall S, Haidt J, Clore GL, Jordan AH. Disgust as embodied moral judgment. Personality and Social
Psychology Bulletin. 2008; 34(8), 1096—1109. doi: 10.1177/0146167208317771 PMID: 18505801

Seymour B, Singer T, Dolan R. The neurobiology of punishment. Nature Reviews Neuroscience. 2007;
8, 300-311. doi: 10.1038/nr2119 PMID: 17375042

Tajfel J, Billig M, Bundy R, Flament C. Social Categorization in Intergroup Behaviour. European Journal
of Social Psychology. 1971; 1, 149-178.

Premack D, Woodruff G. Chimpanzee problem comprehension: Insufficient evidence. Science. 1979;
206, 1202. doi: 10.1126/science.206.4423.1202 PMID: 17760117

Flavell JH, Miller PH. Social cognition. In Damon W, Kuhn D, Siegler RS (Eds.), Handbook of child psy-
chology: Vol. 2. Cognition, perception, and language). New York: Wiley. ( 5th ed. 1998.pp. 851-898.

Bosco FM, Colle L, Tirassa M. The complexity of theory of mind. Consciosness and Cognition. 2009;
18, 323-324.

Balleine BW, Delgado MR, Hikosaka O. The Role of the Dorsal Striatum in Reward and Decision-Mak-
ing. The Journal of Neuroscience. 2007; 27(31): 8161-8165; doi: 10.1523/JNEUROSCI.1554-07.2007
PMID: 17670959

Knutson B, Wimmer GE. Splitting the difference: How does the brain code reward episodes? Annals of
the New York Academy of Sciences. 2007; 1104, 54—69. doi: 10.1196/annals.1390.020 PMID:
17416922

Knutson B, Wimmer GE, Kuhnen CM, Winkielman P. Nucleus accumbens activation mediates the influ-
ence of reward cues on financial risk taking. NeuroReport. 2008; 19, 509-513. doi: 10.1097/WNR.
0b013e3282f85c01 PMID: 18388729

Bortolotti S, Casari M, Pancotto F. Norms of Punishment: Experiments with students and the General
Population. Economic Inquiry. 2015; 53: 1207-1227. doi: 10.1111/ecin.12187

Koenigs M, Tranel D. Irrational economic decision-making after ventromedial prefrontal damage: evi-
dence from the Ultimatum Game. J Neurosci. 2007; 27: 951-956. doi: 10.1523/JNEUROSCI.4606-06.
2007 PMID: 17251437

Krajbich I, Adolphs R, Tranel D, Denburg NL, Camerer CF. Economic games quantify diminished sense
of guilt in patients with damage to the prefrontal cortex. J Neurosci. 2009; 29: 2188-2192. doi: 10.1523/
JNEUROSCI.5086-08.2009 PMID: 19228971

Koenigs M, Young L, Adolphs R, Tranel D, Cushman F, Hauser M, et al. Damage to the prefrontal cor-
tex increases utilitarian moral judgements. Nature. 2007; 446: 908—911. doi: 10.1038/nature05631
PMID: 17377536

Damasio A. Descartes’ error: emotion, reason, and the human brain. G.P. Putnam’s: New York; 1994.

Moretti L, a D, di Pellegrino G. Reward and social valuation deficits following ventromedial prefrontal
damage. J Cogn Neurosci. 2009; 21 : 128—140. doi: 10.1162/jocn.2009.21011 PMID: 18476758

Carstensen LL, Isaacowitz DM, Charles ST. Taking time seriously: A theory of socioemotional selectiv-
ity". American Psychologist. 1999; 54 (3): 165. PMID: 10199217

Durham WH. Coevolution: Genes, culture, and human diversity. Stanford University Press; 1991.

PLOS ONE | DOI:10.1371/journal.pone.0166357 November 11, 2016 14/14


http://dx.doi.org/10.1016/j.neuroimage.2011.12.010
http://www.ncbi.nlm.nih.gov/pubmed/22197743
http://dx.doi.org/10.1371/journal.pone.0119150
http://www.ncbi.nlm.nih.gov/pubmed/25799565
http://www.ncbi.nlm.nih.gov/pubmed/14642341
http://dx.doi.org/10.1038/nature10754
http://www.ncbi.nlm.nih.gov/pubmed/22258508
http://dx.doi.org/10.1038/80586
http://www.ncbi.nlm.nih.gov/pubmed/11036262
http://dx.doi.org/10.1111/j.1460-9568.2006.05120.x
http://www.ncbi.nlm.nih.gov/pubmed/17042790
http://dx.doi.org/10.1038/nrn2555
http://www.ncbi.nlm.nih.gov/pubmed/19096369
http://dx.doi.org/10.1177/0146167208317771
http://www.ncbi.nlm.nih.gov/pubmed/18505801
http://dx.doi.org/10.1038/nrn2119
http://www.ncbi.nlm.nih.gov/pubmed/17375042
http://dx.doi.org/10.1126/science.206.4423.1202
http://www.ncbi.nlm.nih.gov/pubmed/17760117
http://dx.doi.org/10.1523/JNEUROSCI.1554-07.2007
http://www.ncbi.nlm.nih.gov/pubmed/17670959
http://dx.doi.org/10.1196/annals.1390.020
http://www.ncbi.nlm.nih.gov/pubmed/17416922
http://dx.doi.org/10.1097/WNR.0b013e3282f85c01
http://dx.doi.org/10.1097/WNR.0b013e3282f85c01
http://www.ncbi.nlm.nih.gov/pubmed/18388729
http://dx.doi.org/10.1111/ecin.12187
http://dx.doi.org/10.1523/JNEUROSCI.4606-06.2007
http://dx.doi.org/10.1523/JNEUROSCI.4606-06.2007
http://www.ncbi.nlm.nih.gov/pubmed/17251437
http://dx.doi.org/10.1523/JNEUROSCI.5086-08.2009
http://dx.doi.org/10.1523/JNEUROSCI.5086-08.2009
http://www.ncbi.nlm.nih.gov/pubmed/19228971
http://dx.doi.org/10.1038/nature05631
http://www.ncbi.nlm.nih.gov/pubmed/17377536
http://dx.doi.org/10.1162/jocn.2009.21011
http://www.ncbi.nlm.nih.gov/pubmed/18476758
http://www.ncbi.nlm.nih.gov/pubmed/10199217

