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CHAPTER 3

ACTING ON SOCIAL EXCLUSION: NEURAL 
CORRELATES OF PUNISHMENT AND 

FORGIVENESS OF EXCLUDERS

This chapter is published as: 

Will, G.-J., Crone, E. A., & Güroğlu, B. (2015). Acting on social exclusion: Neural correlates of 
punishment and forgiveness of excluders. Social Cognitive and Affective Neuroscience, 10, 209-218.
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ABSTRACT

This functional magnetic resonance imaging study examined the neural correlates of pun-
ishment and forgiveness of initiators of social exclusion (i.e. ‘excluders’). Participants divided 
money in a modified Dictator Game between themselves and people who previously either 
included or excluded them during a virtual ball-tossing game (Cyberball). Participants selec-
tively punished the excluders by decreasing their outcomes; even when this required partici-
pants to give up monetary rewards. Punishment of excluders was associated with increased ac-
tivation in the pre-supplementary motor area (pre-SMA) and bilateral anterior insula. Costly 
punishment was accompanied by higher activity in the pre-SMA compared with punishment 
that resulted in gains or was non-costly. Refraining from punishment (i.e. forgiveness) was 
associated with self-reported perspective-taking and increased activation in the bilateral 
temporoparietal junction, dorsomedial prefrontal cortex, dorsal anterior cingulate cortex, and 
ventrolateral and dorsolateral prefrontal cortex. These findings show that social exclusion can 
result in punishment as well as forgiveness of excluders and that separable neural networks 
implicated in social cognition and cognitive control are recruited when people choose either 
to punish or to forgive those who excluded them.
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Social exclusion is a highly distressing experience and poses a severe threat to fundamental 
human needs, such as our need to belong and a need for control (Baumeister & Leary, 1995; 
Williams, 2007). In response to social exclusion, people often attempt to restore their thwarted 
needs in subsequent social interactions. For example, after people are excluded they show 
increased levels of prosocial behavior toward potential new sources of affiliation, which possibly 
reflects a motivation to seek renewed acceptance and restore a sense of belonging (Maner, 
DeWall, Baumeister, & Schaller, 2007). Furthermore, victims of exclusion selectively decrease 
prosocial behavior toward the specific individuals who excluded them (Hillebrandt, Sebastian, 
& Blakemore, 2011) and are even willing to aggress against them (Twenge, Baumeister, 
DeWall, Ciarocco, & Bartels, 2007), which has been suggested to be an attempt to regain a 
sense of control (Williams, 2007). However, not everyone chooses to aggress against those who 
excluded them (Chester et al., 2013) and some might even decide to forgive the initiators of 
exclusion (i.e. the excluders). This study set out to investigate punishment as well as forgiveness 
of excluders and the neural correlates of these behavioral reactions to social exclusion.

A series of neuroimaging studies have identified a network of brain regions involved in 
emotional reactions to social exclusion using a virtual ball-tossing game called Cyberball 
(Bolling et al., 2011b; Eisenberger et al., 2003; Sebastian et al., 2011). After being excluded in 
Cyberball, people report heightened levels of sadness and anger and lowered levels of a sense of 
belonging, self-esteem, control and meaningful existence (van Beest & Williams, 2006; Zadro, 
Williams, & Richardson, 2004). Such exclusion-related distress has been positively associated 
with activation in brain regions involved in processing negative affect, such as the anterior 
insula (AI) and dorsal, ventral and subgenual regions of the anterior cingulate cortex (ACC) 
(Bolling et al., 2011b; Eisenberger et al., 2003; Masten et al., 2009). Activity in the ventrolateral 
prefrontal cortex (vlPFC), a region implicated in emotion regulation, has been found to be 
negatively related to distress after exclusion (Bolling et al., 2011b; Eisenberger et al., 2003).

Although these studies have informed us on the neural correlates of processing and 
regulating exclusion-related distress, the neural correlates of social behavior after an episode 
of exclusion have received less attention. A recent study showed that although participants 
showed low levels of trust toward peers who previously excluded them, reinforcement signals in 
the striatum still guided learning from the trustworthiness of excluders and enabled sustaining 
trust (Fareri, Chang, & Delgado, 2012). In a Dictator Game - where profits are not dependent 
on the second player’s decisions - people kept more money to themselves and shared less with 
excluders, which was associated with increased activation in dorsal ACC (dACC), AI, the 
temporoparietal junction (TPJ) and lateral regions of the PFC (Gunther Moor et al., 2012). 
How activation in these regions relates to punishment of excluders or refraining thereof (i.e. 

3.1 INTRODUCTION
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forgiveness) is not yet clear, because these prior studies’ experimental designs did not provide a 
dissociation between a self-oriented motive aimed at maximizing one’s own profits and other-
oriented motives aimed at increasing (Fareri et al., 2012) or decreasing (Gunther Moor et al., 
2012) another person’s profits.

The goals of this study were threefold: (i) to examine whether people punish excluders when 
it does not result in monetary gains or when they have to pay to punish, (ii) to investigate how 
activation in brain regions involved in punishment of norm-violators is differentially sensitive 
to gains and losses for the punisher, and (iii) to examine the neural correlates of forgiving 
excluders (i.e. refraining from punishment by equally sharing with excluders when sharing was 
not confounded by strategic motivations aimed at maximizing personal profits) (Brüne, Juckel, 
& Enzi, 2013; McCullough, Worthington, & Rachal, 1997). We modified the Dictator Game 
in such a way that participants could choose to either forgive excluders by sharing a sum of 
money equally with them, or to punish them and punishment could coincide with: (i) gains 
(beneficial inequality), (ii) no monetary consequences (non-costly inequality), or (iii) losses 
(costly inequality).1 We regarded unequal distributions as punishment and equal distributions as 
forgiveness only in interactions with peers who violated a social norm during Cyberball, i.e. the 
excluders. Therefore, to get a clean measure of punishment, we examined unequal distributions 
allocated to excluders relative to unequal distributions allocated to includers.

We hypothesized that participants would punish excluders by reducing the excluders’ 
monetary rewards (i.e. choosing more unequal distributions for excluders than for includers). 
We predicted punishment to be inflicted most often when it led to monetary gains (i.e. beneficial 
inequality) and least often when it was costly, with non-costly inequality at an intermediate 
position. Based on previous neuroimaging studies we expected brain regions implicated 
in reward processing (striatum), negative affect (AI) and the detection of norm-violations 
(pre-supplementary motor area [pre-SMA]/ACC) to be involved in delivering punishment 
(Baumgartner, Gotte, Gugler, & Fehr, 2012; De Quervain, 2004; Sanfey et al., 2003; Strobel 
et al., 2011).

Participants could forgive the excluders, defined as refraining from retaliation and acting 
prosocial toward the offenders despite the offenders’ hurtful actions (McCullough et al., 
1997), by sharing a sum of money equally with them (Brüne et al., 2013). Prior studies have 
demonstrated that adopting a transgressor’s perspective facilitates forgiveness (Brown, 2003; 

1 We included a prosocial inequality condition (where inequality offers would result in sharing more than half of 
the stake) in order to avoid automaticity in responding, such that inequality for excluders always indicated pun-
ishment. Thus, it served as a filler condition to prevent predictability of the task, and keep participants engaged. We 
excluded the prosocial inequality condition from the analyses investigating punishment and forgiveness because 
the prosocial inequality condition did not offer participants the opportunity to punish (because excluders’ outcomes 
could not be reduced) nor to forgive (since there is no possibility to refrain from punishment).
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Exline, Baumeister, Zell, Kraft, & Witvliet, 2008). Consequently, we tested whether higher 
levels of self-reported perspective-taking would be related to lower levels of punishment 
behavior toward excluders. We hypothesized that forgiveness would coincide with increased 
activation in brain regions implicated in ‘theory of mind’ and perspective taking, such as 
the dorsomedial prefrontal cortex (dmPFC) and the TPJ (Lamm, Batson, & Decety, 2007; 
Young & Saxe, 2009). Furthermore, cognitive control has been shown to play an important 
role in refraining from aggression against excluders (Chester et al., 2013) and control-related 
brain regions, such as regions of the lateral PFC are activated when people share equally with 
peers who previously treated them unfairly (Brüne et al., 2013). Accordingly, we predicted 
that forgiving excluders would also be associated with activity in regions of the lateral PFC, 
consistent with their involvement in cognitive control in social decision-making (Knoch, 
Pascual-Leone, Meyer, Treyer, & Fehr, 2006; Steinbeis et al., 2012).

3.2 METHODS

Participants
Twenty-eight right-handed healthy volunteers were recruited through local advertisements 

and gave informed consent for the study. Two participants were excluded from the analyses 
because they expressed doubts about the cover story. The remaining 26 participants had a mean 
age of 20.7 years (SD = 1.97, 16 females). All participants indicated to be healthy and reported 
no contraindications for fMRI (e.g. no head injuries, no history of neurological or psychiatric 
disorders). All anatomical scans were reviewed and cleared by a radiologist; no anomalies were 
reported. After scanning, participants filled out several questionnaires and were debriefed. 
Participants received €25 for participation and an additional amount of money, which was told 
to be determined by their decisions in the Dictator Game. In reality, each participant received 
an extra €5. The study was approved by the university’s medical ethical committee.

fMRI tasks
Cyberball

Participants were instructed that they were about to perform a mental visualization task by 
means of an online ball-tossing game with two other participants in the experiment (Williams 
et al., 2000). Participants were told that they were about to interact with other participants who 
were present at the experiment site and with whom they would not meet face-to-face after the 
experiment. In reality, all ball tosses by the other players were preprogrammed. The participants 
were represented by a cartoon hand along with their own name and the other players were 
displayed as two cartoon characters accompanied by one male and one female name (Figure 
3.1A). Participants could throw the ball to a player on their right or their left side by a button 
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Figure 3.1 (A) Experimental procedure. Participants carried out the following tasks in the scanner: (i) Cyber-
ball inclusion with two anonymous peers, (ii) Cyberball exclusion by two novel anonymous peers, (iii) Dictator 
Game in which participants divided money between themselves (depicted with red coins) and the players from 
the Cyberball games (i.e. includers and excluders; depicted with blue coins). (B) Five different forms of inequality; 
each trial consisted of a dichotomous choice between an equal distribution and one of these five forms of inequality.

Dictator Game 
(recipients: includers and excluders from Cyberball) 

Cyberball  
(inclusion)  

Cyberball  
(exclusion)  

Participant is given a dichotomous choice 

Condition 

Non-costly 
Inequality 

(mild) 
Non-costly 
Inequality 
(severe) 

Costly 
Inequality 

Equality     vs.   Inequality 

Beneficial 
Inequality 

Prosocial 
Inequality 

A 

B 

press with the index finger of the corresponding hand. Participants first played the inclusion 
condition where each of the three players received the ball an equal number of times (10 out 
of 30 trials). Next, participants played the exclusion condition with two novel players, during 
which they received the ball once at the start of the game. After throwing it to one of the players 
they did not receive the ball on any of thefollowing 28 trials. Scans were acquired during two 
separate runs that lasted approximately 3 min each. Throwing was self-paced. Ball throws lasted 
2 s and were preceded by a random jitter interval (100–4000 ms).
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Dictator Game
After Cyberball, participants were given the opportunity to divide coins between themselves 

and one player from either the first or the second ball game, that is, Team 1 and Team 2, 
respectively. It was emphasized that coins were valuable and that a randomly selected allocation 
would be converted into real money, which both allocators (the participants) and recipients 
would receive at the end of the experiment. Furthermore, the Dictator Game was introduced 
as the final game of the experiment. Therefore, it was unlikely that the participants anticipated 
further interactions with the includers and excluder.

Participants were given a dichotomous choice between an equal distribution of five coins 
for themselves and five for the recipient (5/5) and one of five different unequal distributions 
(Figure 3.1B). These five unequal distributions were as follows and should all be interpreted 
relative to the alternative equal (5/5) distribution: beneficial inequality (eight coins for the 
participant and two coins for the recipient: 8/2), mild non-costly inequality (5/4), severe non-
costly inequality (5/2), costly inequality (4/2) and (costly) prosocial inequality (4/6). Although 
in the non-costly inequality conditions choosing the inequality option instead of the equal 
distribution had no consequences for the participant’s own earnings, beneficial inequality was 
advantageous and costly inequality was disadvantageous to the participant. 

We did not include a condition with neutral recipients with whom the participants had not 
interacted before, because this would increase the length of the task with 150% and this could 
lead to greater trial-to-trial variability, e.g. bigger differences in emotional valence between the 
first and final trials of the task possibly due to negative emotions toward excluders diminishing 
over time. Moreover, previous work has repeatedly shown that: (i) although exclusion elicits 
negative affect, inclusion does not elicit positive affect (Maner et al., 2007; Wesselmann et 
al., 2012; Will, van den Bos, Crone, & Güroğlu, 2013) and (ii) treatment of includers does 
not differ from treatment of neutral interaction partners or people with whom participants 
had not interacted before (Fareri et al., 2012; Gunther Moor et al., 2012; Güroğlu, Will, & 
Klapwijk, 2013; Hillebrandt et al., 2011). The Dictator Game consisted of 180 trials (18 trials 
per condition; 5 inequality conditions × 2 recipients) and was administered in three runs of 
210 volumes each, lasting about 23 min in total. After a fixation screen with a jittered duration 
(M = 1540 ms; SD = 1221 ms; min = 550 ms; max = 7700 ms optimized with Opt-Seq2, Dale, 
1999;  surfer.nmr.mgh.harvard.edu/optseq/) participants were presented with a decision screen 
that showed (i) which distributions they could choose from and (ii) who the recipient would be 
(Figure 3.1A). Responses could be made by a button press with the index finger (left bucket) 
or middle finger (right bucket) of the right hand. As soon as participants made a decision 
a red rectangle appeared around the distribution of their choice until 6 s after trial onset. If 
participants had not responded within 5 s, a screen was presented with “Too late!” for 1 s. Trials 
without a response consisted of <1% of all trials and were excluded from further analyses.
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Questionnaires
Mood reports and need satisfaction

To measure exclusion-related distress, we assessed mood and need satisfaction at three time 
points: (i) after inclusion, (ii) after exclusion and (iii) after the Dictator Game (outside the 
scanner). The mood questionnaire consisted of eight mood items (feeling good, bad, happy, sad, 
relaxed, tense, friendly and unfriendly). The need satisfaction questionnaire consisted of eight 
items (two items assessing each need) taken from the need threat scale including ratings of 
belonging, self-esteem, control and meaningful existence (van Beest and Williams, 2006). All 
items were rated on a scale from 1 (not at all) to 5 (very much) and negative items were recoded. 
Lower scores on these measures reflect distress, i.e. need threat and lower mood.

Trait perspective-taking
 Participants completed the perspective-taking subscale of the Interpersonal Reactivity 

Index (IRI; Davis, 1983) to assess dispositional perspective-taking, i.e. the tendency to adopt 
another person’s point of view (e.g. “When I get mad at someone, I try to imagine what they 
might be thinking”). All items were rated on a scale from 1 (not at all) to 5 (very much) and 
averaged to a mean score of trait perspective-taking.

fMRI data acquisition
Scans were acquired using a 3T Philips Achieva MRI system at the University Medical 

Center. Stimuli were projected onto a screen located at the head of the scanner bore using 
Authorware (Cyberball) and E-prime (Dictator Game). Participants viewed the screen via a 
mirror mounted on the head coil. Foam inserts that surrounded the head were used to minimize 
head movement. The following scans were acquired: (i) a localizer scan, (ii) T2*-weighted Echo-
Planar Images (EPI; repetition time = 2.2 sec, echo time [TE] = 30ms, slice matrix = 80 × 80 
matrix, slice thickness = 2.75 mm, slice gap = 0.28 mm gap, field of view [FOV] = 220 mm) 
during five functional runs, (iii) high-resolution T1-weighted and T2-weighted anatomical 
scans (with the same slice prescription as the EPIs). The first two volumes of each functional 
run were discarded to allow for equilibration of T1 saturation effects. 

fMRI data analysis
MRI data were preprocessed and analyzed using SPM5 statistical parametric mapping 

image analysis software (Wellcome Trust Centre for Neuroimaging, University College 
London). Images were slice-time corrected, realigned, corrected for motion, spatially 
smoothed using an 8-mm FWHM Gaussian filter, and spatially normalized to EPI templates. 
Translational movement parameters never exceeded 1 voxel (< 3 mm) in any direction for any 
subject or scan. The normalization algorithm, resampled the volumes to 3 mm cubic voxels 
using a 12-parameter affine transformation and a nonlinear transformation involving cosine 
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basic functions. All results are reported in MNI305 stereotactic space.
Data were modeled as zero-duration events at the onset of a ball-toss (Cyberball) or the 

decision screen (Dictator Game) (Gunther Moor et al., 2012; Lelieveld et al., 2013) and 
convolved with a canonical hemodynamic response function (HRF). Statistical analysis was 
carried out using a general linear model (GLM). Regressors were defined for three Cyberball 
events (a ball-toss between virtual peers, throwing, or receiving the ball) and were analyzed 
separately for the inclusion game and the exclusion game. Regressors were defined separately 
for equality and inequality choices made in each of the five inequality conditions in the Dictator 
Game and analyzed separately for the includers and the excluders. This model consisted of 20 
decision-related regressors (i.e. inequality condition [5] × recipient [2] × choice [2]), a regressor 
indicating missed trials, and a covariate for each run to control for run effects (3), which resulted 
in a GLM with a total of 24 predictors. To investigate the main effect of interacting with the 
excluders compared with includers in the Dictator Game (Excluders > Includers), we contrasted 
all decisions for excluders with all decisions for includers in conditions where participants could 
punish or forgive (i.e. all conditions except prosocial inequality). To test how activation in 
regions derived from the ‘Excluders > Includers’ contrast was differentially sensitive to personal 
gains when punishing excluders, we employed a region of interest (ROI) approach (see below). 
To investigate the neural correlates of punishment, we contrasted inequality decisions for 
excluders with equality decisions for excluders (Excluders inequality > Excluders equality). 
Finally, to examine forgiveness we contrasted equality decisions for excluders with equality 
decisions for includers (Excluders equality > Includers equality). For the latter two contrasts, 
we only considered the four Dictator Game conditions involving punishment and forgiveness 
(i.e. all conditions except prosocial inequality). Both GLMs contained a basic set of cosine 
functions that high-pass-filtered the data. The least-squares parameter estimates of the height 
of the best-fitting canonical HRF for each condition separately were used in pair-wise contrasts 
at the subject level. The resulting contrast images were submitted to group analyses where 
participants were treated as a random effect. One-tailed t-tests were considered significant at 
an uncorrected threshold of p < .001 with a minimum cluster size of 10 contiguous voxels to 
balance between Type 1 and Type 2 errors (Lieberman & Cunningham, 2009). We also report 
which results remain significant using a whole-brain voxel-wise false discovery rate (FDR) 
correction (p < .05, >10 voxels).

For ROI analyses, we used the MarsBaR toolbox (Brett et al., 2002; http://marsbar.
sourceforce.net/) to extract activity in functionally defined ROIs in the ‘Excluders > Includers’ 
contrast (in the Dictator Game) about which we had a priori hypotheses, i.e. pre-SMA/ACC, 
left and right AI. For each ROI, the blood oxygenation level dependent (BOLD) signal across 
functional clusters of voxels was averaged and the center of mass is reported. For all ROI 
analyses, effects were considered significant at p < .017, based on a Bonferonni correction for 
multiple comparisons (p = .05/3 ROIs).
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3.3 RESULTS

Behavioral data
Need satisfaction and mood. Consistent with previous studies (van Beest & Williams, 

2006; Williams et al., 2000) the four need scales were averaged to create an overall index of 
need satisfaction at each time-point, i.e. after inclusion, after exclusion and after the Dictator 
Game. Similarly, the four mood constructs were averaged to create an overall index of mood 
at each time-point2. A repeated measures ANOVA with time point (3 levels: inclusion vs. 
exclusion vs. after the Dictator Game) as within-subjects factor for the composite score of need 
satisfaction yielded a main effect of time point, F(2, 48) = 219.37, p < .001, ηp

2 = .90. Overall 
need satisfaction measured after inclusion (M = 3.7) declined during exclusion (M = 1.7) and 
returned to pre-exclusion levels after the Dictator Game (M = 4.1). A repeated measures 
ANOVA with time point (3 levels: inclusion vs. exclusion vs. after the Dictator Game) as 
within-subjects factor for overall mood yielded a main effect of time point, F(2, 48) = 50.73, p < 
.001, ηp

2 = .68. Overall mood measured after inclusion (M = 4.4) dropped during exclusion (M 
= 3.5) and returned to pre-exclusion levels after the Dictator Game (M = 4.5).

Punishment of the excluders in the Dictator Game 
To investigate whether excluders were punished, a repeated measures ANOVA was 

performed with inequality condition (5 levels: beneficial inequality, non-costly mild inequality, 
non-costly severe inequality, costly inequality and prosocial inequality) and recipient (2 levels: 
includers vs. excluders) as within-subjects factors and the percentage of unequal offers as the 
dependent variable. These analyses resulted in main effects of recipient, F(1, 25) = 27.149, p < 
.001, ηp

2 = .52 and inequality condition, F(4, 100) = 31.93, p < .001, ηp
2 = .56, and a significant 

recipient × inequality condition interaction, F(4,100) = 13.80, p < .001, ηp
2 = .36. Unequal 

distributions were chosen more often for excluders than for includers in each condition, (all ps 
< .01), except for the prosocial inequality condition (p = .09) (see Figure 3.2A). Post hoc pair-
wise comparisons showed that, in exchange with the excluders, beneficial inequality was chosen 
more than the two non-costly inequality options (p < .05), which were chosen at similar rates (p 
=.09) and more than costly inequality, (all ps <.01). A similar analysis for the includers showed 
that the beneficial inequality was chosen more often than the other forms of inequality, p < .01. 

Perspective taking and forgiveness 
A negative correlation between self-reported perspective-taking and punishment frequency 

2 Univariate analyses on the separate needs and mood constructs demonstrated that each need and each mood con-
struct yielded the same results as the overall indexes. 
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(percentage of inequality offers to the excluders – percentage inequality offers to the includers 
in all conditions except prosocial inequality), r = -.40, p < .05, confirmed that perspective taking 
is important for forgiving excluders (see Figure 3.2B). Perspective-taking skills were unrelated 
to exclusion-related distress (mood after exclusion, r = .30, p = .14, and need satisfaction after 
exclusion, r =.21, p = .29). 

Neuroimaging results
fMRI results Cyberball

To examine the neural correlates of social exclusion, we compared activation on trials where 
participants did not receive the ball in the exclusion game with trials where participants received 
the ball in the inclusion game (Exclusion: not receiving the ball  > Inclusion: receiving the ball). 
This whole-brain contrast resulted in activation in several regions, including the medial PFC 
(mPFC; peak at 3, 45, -15) and subgenual ACC (sgACC; peak at -9, 24, -6) (see Figure 3.3A). 
A regression analysis with need satisfaction as a predictor revealed a positive correlation in the 
ventral ACC (peak at 6, 42, 3) and the right vlPFC/insula (peak at 45, 21, -3) (see Figure 3.3B). 
All significant clusters are reported in Supplementary Table S3.1.
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Figure 3.2 (A) Mean percentages of trials on which participants chose an unequal distribution in the Dictator 
Game for players who previously included and excluded them during Cyberball (error bars represent standard 
errors of the mean). Each form of inequality is displayed on the x-axis (red coins for participants; blue coins for the 
recipients). Unequal distributions were pitted against an equal distribution of money (5 coins for the participant 
/ 5 coins for the recipient). BI = beneficial inequality; NCI = non-costly inequality; CI = costly inequality; PI = 
prosocial inequality; (B) Self-reported trait perspective-taking was negatively associated with punishment of the 
excluders (difference between unequal distributions chosen for excluders and includers).
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Figure 3.3 Whole-brain results from the Cyberball interaction. (A) Not receiving the ball during the exclusion 
game > receiving the ball during inclusion gam resulted in activation in the mPFC (peak at 3, 45, -15) and 
sgACC (peak at -9, 24, -6) (B) A whole-brain regression analysis showed that activity in the ‘Exclusion: not 
receiving the ball  > Inclusion: receiving the ball ’ contrast was positively associated with need satisfaction after 
exclusion in the right ventrolateral prefrontal cortex (vlPFC; peak at 45, 21, -3). 

fMRI results Dictator Game
Decision-making with excluders.

To investigate brain regions that were more active when making a decision in the Dictator 
Game for excluders compared to includers, we conducted a whole-brain analysis collapsed 
across the four Dictator Game conditions involving punishment (i.e., all conditions except 
prosocial inequality) and collapsed across choices. The ‘Excluders > Includers’ contrast resulted 
in increased activation in the pre-SMA (peak at 3, 21, 60) and bilateral AI (peaks at 30, 21, -9 
and -30, 21, -15) (see Figure 3.4). All areas of activation are listed in Table 3.1.

Punishing excluders.
To examine the neural correlates of punishment, we conducted a whole-brain analysis and

ROI analyses. A whole-brain contrast between inequality choices for excluders and equality
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Table 3.1 Brain regions revealed by whole-brain contrasts when participants made an allocation in the Dictator 
Game with excluders vs. includers as recipients (all thresholded p < .001 uncorrected, > 10 voxels). 

Note. L/R=Left/Right; k=cluster size in 3×3×3mm voxels; z=z-score; MNI coordinates =xyz voxel coor-
dinates in MNI space of the peak voxel. PFC = Prefrontal cortex.

choices for includers (Excluders inequality > Excluders equality) collapsed across the four Dic-
tator Game conditions involving punishment (i.e. all conditions except prosocial inequality) did 
not result in significant clusters of activation. To investigate how activation in the pre-SMA/
ACC, left and right AI were differentially sensitive to self-gain while punishing the excluders, 
we performed functional ROI analyses based on these regions obtained from the ‘Excluders > 
Includers’ contrast reported earlier.

First, using activation levels in each ROI during inequality choices for the excluders as the 
dependent variable, we conducted three separate repeated measures ANCOVAs for each brain 
region with inequality condition (4 levels: beneficial inequality, non-costly mild inequality, 
non-costly severe inequality, and costly inequality) as a within-subjects factor and punishment 
frequency as a covariate. We controlled for punishment frequency because of the involvement 

Brain region L/R Voxels z MNI coordinates
x y z

Excluders > Includers
Middle Cingulate cortex R 31 4.13 3 -6 30
Precentral gyrus L 13 3.84 -42 0 21
Pre-Supplementary Motor Area R 20 3.83 3 21 60
Inferior Parietal lobe	 L 59 3.81 -48 -45 57

3.80 -54 -45 42
3.70 -57 -36 48

Anterior Insula (extending into R 14 3.64 36 24 -18
Inferior Frontal gyrus) 3.41 30 21 -9
Inferior Frontal gyrus (Lateral PFC) R 17 3.61 42 42 -18
Anterior Insula (extending into L 15 3.55 -30 21 -15
Inferior Frontal gyrus) 3.25 -36 21 -9

Includers > Excluders
Superior Occipital gyrus L 62 4.04 -12 -99 12

3.40 -15 -96 0
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Figure 3.4 Activation of pre-SMA (peak at 3, 21, 60) when choosing unequal offers for excluders in the four 
different punishment conditions (error bars represent standard error of the mean). BI = beneficial inequality; NCI 
= non-costly inequality; CI = costly inequality

4.8 

3.6 

0 

2 

4 

BI NCI (mild) NCI (severe) CI 

Pa
ra

m
et

er
 e

st
im

at
e 

in
  

Pr
e-

SM
A 

(p
ea

k 
at

 3
,2

1,
60

)  

x = 3 y = 21 

of the pre-SMA/ACC and AI in deviations from default response patterns (Güroğlu, van den 
Bos, Rombouts, & Crone, 2010; van den Bos, van Dijk, Westenberg, Rombouts, & Crone, 
2009) and to control for the amount of trials contrast values were based on. These analyses 
yielded a main effect of Inequality condition in the pre-SMA, F(3, 33) = 5.17, p < .01, ηp

2 = .32, 
qualified by more activity for costly inequality choices compared to the three other inequality 
choices for excluders (Figure 3.4). Activity in left (p = .27) and right AI (p = .12) did not differ 
between inequality choices after controlling for punishment frequency.

Second, we correlated activation in the ROIs with the frequency of inequality choices made 
in each condition. These analyses yielded a negative correlation between BOLD response and 
costly punishment frequency in the pre-SMA (r = -.64, p < .017) and right AI (r = -.63, p 
< .017). Thus, the participants who less often opted for costly punishment exhibited higher 
BOLD responses in these regions when they chose costly punishment.

Forgiving excluders.
 To investigate which brain regions were involved in forgiveness of excluders we contrasted 

equality choices for excluders with equality choices for includers in the four Dictator Game 
conditions involving punishment and forgiveness (i.e., all conditions except prosocial inequality). 
This comparison (Excluders equality > Includers equality) revealed activity in the right TPJ 
(peak at 57, -57, 45), dmPFC (peak at 3, 42, 36), right vlPFC (peak at 42, 42, -15) and the 
right AI (peak at 30, 21,  -9). A subsequent whole-brain regression analysis with punishment 
frequency as a predictor revealed a positive correlation in the left and right TPJ (peaks at -51, 
-48, 36 and 45, -54, 36), dmPFC (peak at -15, 60, 24), as well as in the Pre-SMA/ACC (peaks 
at -6, 18, 51 and 9, 36, 36), bilateral AI (peaks at -30, 21, -6 and 33, 18, -12) and dorsolateral 
and ventrolateral PFC (peaks at -30, 51, 0 and 33, 54, 9) (Figure 3.5). Thus, participants who 
punished more often recruited the left and right TPJ, dmPFC, lateral PFC and Pre-SMA/
ACC and bilateral AI to a greater extent when they forgave the excluders. All significant 
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clusters are reported in Table 3.2.

Table 3.2 Brain regions revealed by whole-brain contrasts when participants shared the stake equally in the Dic-
tator Game with excluders vs. includers (all thresholded p < .001 uncorrected, > 10 voxels).

Brain region L/R Voxels z MNI coordinates
x y z

Excluders equality > Includers equality 
Superior Frontal Gyrus (dmPFC) R 272 4.16 12 30 57
extending into:  
Pre-Supplementary Motor Area/

3.93 12 21 66

Dorsal Anterior Cingulate Cortex 3.90 21 36 54
Inferior Frontal gyrus (Lateral PFC) R 21 3.81 42 42 -15
Temporoparietal junction R 87 3.79 57 -57 45

3.61 48 -63 48
3.60 57 -51 51

Middle Frontal gyrus R 60 3.76 42 24 51
3.29 48 24 30
3.27 45 12 48

Anterior Insula extending into: R 20 3.64 30 21 -9
Inferior Frontal gyrus 3.45 36 21 -15

3.42 30 18 -24
Superior Frontal Gyrus (dmPFC) R 15 3.57 15 66 21
Angular Gyrus L 28 3.44 -57 -60 39

3.42 -45 -69 48
 3.32 -42 -63 42
Middle Frontal gyrus L 15 3.40 -36 18 54

3.26 -30 18 54
Positive correlation with punishment frequency (percentage inequality for excluders – percentage inequality 
for includers) 
Temporoparietal junction L 550 5.23 -51 -48 36*

4.69 -51 -39 42*
4.40 -54 -27 39*

R 320 5.15 45 -54 36*
4.27 24 -60 42*
4.05 57 -54 42

Superior Frontal Gyrus (extending 
into:

L 557 5.20 -33 18 54*

Pre-Supplementary Motor Area / 4.68 -6 18 51
Dorsal Anterior Cingulate cortex) 4.57 9 36 36*
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Anterior Insula L 17 4.56 -30 21 -6*
Lateral PFC (dlPFC/vlPFC) L 90 4.47 -30 51 0*

3.71 -33 54 -9*
3.59 -42 48 3*

Middle Frontal gyrus L 110 4.39 -42 30 24*
4.04 -36 9 36*
3.90 -39 18 27*

Thalamus/Pallidum L 41 4.01 -9 -9 3*
3.97 -12 0 -3
3.77 -3 -18 -6*

Middle Frontal gyrus R 100 3.98 42 24 30*
3.92 45 30 24*
3.89 51 24 30*

Inferior Frontal gyrus R 15 3.94 45 24 9*
3.23 51 21 3*

Precentral gyrus L 17 3.76 -30 -6 48*
3.47 -21 -9 48*

Superior Frontal gyrus (dmPFC) R 15 3.73 15 60 24
Anterior Insula R 15 3.72 33 18 -12*
Middle Occipital gyrus R 11 3.62 39 -72 24*
Lateral PFC (dlFPC) R 12 3.50 33 54 9*
Posterior Cingulate cortex R 13 3.42 9 -27 30*

3.30 9 -30 24*
3.30 3 -33 27*

Includers equality > Excluders equality 
No significant activations

Note. L/R=Left/Right; k=cluster size in 3×3×3mm voxels; z=z-score; MNI coordinates =xyz voxel coor-
dinates in MNI space of the peak voxel. * = also significant using FDR correction, p < .05, > 10 voxels). 
dmPFC = Dorsomedial prefrontal cortex; dlPFC = Dorsolateral prefrontal cortex; vlPFC = Ventrolateral 
prefrontal cortex 
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3.4 DISCUSSION

The current fMRI study set out to investigate how experiencing social exclusion relates to 
subsequent punishment and forgiveness of excluders and the neural correlates of such decisions. 
We replicated previous findings showing that social exclusion in Cyberball is distressing (van 
Beest & Williams, 2006; Zadro et al., 2004) and associated with activation in brain regions 
involved in processing negative affect (sgACC and vACC), emotion regulation (vlPFC) and 
social evaluation (mPFC) (Eisenberger et al., 2003; Gunther Moor et al., 2012; Sebastian 
et al., 2011). We extend previous work by showing that participants punished excluders, not 
only when punishment coincided with monetary gains (Gunther Moor et al., 2012) but also 
when punishment had no monetary consequences and even when it was costly to punish. 
This corroborates research showing that people selectively decrease prosocial behavior toward 
excluders (Maner et al., 2007), possibly to reestablish a sense of control over their social world 
(Williams, 2007). Through our modification of the Dictator Game, we could distinguish a 
motivation to reduce the excluders’ outcomes from a selfish motivation to maximize one’s own 
outcomes. Although excluders were punished in each condition, punishment was inflicted the 
most when it resulted in monetary gains and participants punished less when they had to 
give up money to do so. Taken together, our behavioral findings provide strong evidence for 
the notion that social exclusion leads to punishment of excluders and that personal outcome 
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Figure 3.5 A regression analysis for 
the ‘Excluders equality > Includers 
equality’ contrast with punishment 
frequency as a regressor resulted in 
activation in: left and right TPJ 
(peaks at -51, -48, 36 and 45, -54, 
36), dorso- and ventrolateral re-
gions of the PFC (peaks at -30, 51, 
0 and 33, 54, 9), pre-SMA/ACC 
(peaks at -6, 18, 51 and 9, 36, 36) 
and bilateral AI (peaks at -30, 21, 
-6 and 33, 18, -12). 
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maximization plays an important role in these decisions. 
Consistent with prior work demonstrating that punishment of unfairness coincides with 

activity in the pre-SMA/ACC and bilateral AI (Güroğlu et al., 2010; Sanfey et al., 2003), we 
show that this network is also important for punishing a non-economic norm-violation. In the 
pre-SMA, we found a dissociation between costly punishment and punishment that resulted 
in gains or was non-costly. Higher activation in the pre-SMA during costly punishment 
might suggest increased motor conflict when deciding to punish the excluders compared with 
forms of punishment that incur no costs or yield gains (Garavan, Ross, Kaufman, & Stein, 
2003). Inequality choices were more infrequent than equality choices in the costly inequality 
condition, which might be related to a possible motor conflict due to a prepotent response of 
choosing equality (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004). Nonetheless, after 
controlling for differences in punishment frequency, the pre-SMA was still more active for 
costly inequality than the other inequality choices. Future, studies could scrutinize whether 
choosing costly punishment is indeed associated with increased conflict and what the nature 
of this possible conflict might be. AI activity did not differ across inequality conditions. Based 
on the notion that the four forms of inequality reduced the recipients’ outcomes, but differed in 
consequences for self-gain, our results suggest that the AI might not be sensitive to consequences 
for self-gain when punishing norm-violators (Sanfey et al., 2003) or dividing resources 
unequally (Corradi-Dell’Acqua, Civai, Rumiati, & Fink, 2013). The pre-SMA/ACC and the 
AI are part of a network that is important for encoding representations of the physiological 
state of the body and the integration of cognitive and emotional processes (Chang, Yarkoni, 
Khaw, & Sanfey, 2013; Singer, Critchley, & Preuschoff, 2009). Activation in this cingulo-insular 
network has been associated with negative affective states, such as anger (Denson, Pedersen, 
Ronquillo, & Nandy, 2009) and disgust ( Jabbi, Bastiaansen, & Keysers, 2008). The ‘Excluders 
inequality > Excluders equality’ contrast did not result in clusters of activation, perhaps because 
the brain regions associated with punishing the excluders (pre-SMA and AI) were similarly 
activated during forgiveness. Possibly, increased activation in the pre-SMA/ACC and insula 
reflects higher levels of negative affect associated with a renewed interaction with the excluders 
in general, or more specifically with violating a norm of equality in order to punish (Zaki 
& Mitchell, 2011), which may also be experienced when sharing equally with them. The 
pre-SMA/ACC–insula network’s involvement in deviations from a default response pattern 
(Güroğlu et al., 2010; van den Bos et al., 2009) was also supported by two findings in this 
study: (i) participants who punished more often recruited the pre-SMA/ACC and insula when 
they forgave the excluders and (ii) people who less often opted for costly punishment exhibited 
greater activation in the pre-SMA and right insula when they chose costly punishment. No 
activation in reward-related brain regions (e.g. striatum or orbitofrontal cortex) was found when 
participants punished the excluders, which may be due to methodological differences between 
our Dictator Game and other punishment paradigms used in previous studies, e.g. classic costly 
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punishment paradigms (Baumgartner et al., 2012; Strobel et al., 2011) or administration of 
electric shocks to norm-violators (Hein, Silani, Preuschoff, Batson, & Singer, 2010; Singer et 
al., 2006). People high and low in trait perspective-taking were similarly hurt by exclusion, but 
people who reported higher levels of perspective-taking skills more often decided to forgive 
the excluders despite their hurt feelings. Forgiveness, which has been defined as an attempt to 
preserve the relationship with a norm-violator despite prior inflictions of harm (McCullough, 
Kurzban, & Tabak, 2013), has been associated with motivational changes, including (i) 
becoming less motivated to retaliate against a wrongdoer and (ii) becoming more concerned 
with the wrongdoer’s well-being (McCullough, Fincham, & Tsang, 2003; McCullough et al., 
1998; McCullough et al., 1997). It is plausible that both of these motivations apply to our 
behavioral index of forgiveness. Moreover, sharing equally with excluders is likely to result 
from a non-strategic prosocial motivation, because decisions in the Dictator Game were not 
confounded by strategic considerations to ultimately maximize personal gains and the amount 
of money participants gave to the excluders could not be influenced by the excluders (e.g. 
through rejection or punishment). This, in combination with the positive relationship with 
perspective-taking, suggests that sharing equally with the excluders is a prosocial tendency, 
which is likely to reflect an attempt to affiliate with the excluders (McCullough et al., 1997; 
Molden & Maner, 2013).

It has been argued that the ‘perceived likelihood of affiliation’ is a critical precondition 
for initiating efforts at social reconnection based on findings showing that people gave less 
money to a new interaction partner after being rejected when they expected not to actually 
meet their new partner face-to-face (Maner et al., 2007; Molden & Maner, 2013). In this study, 
participants were told that the recipients in the Dictator Game were unfamiliar, anonymous 
others and that there would be no face-to-face interaction after the experiment. An important 
consideration for future research is how expectations about future interactions with the 
excluders might influence forgiveness behavior and its neural correlates.

When participants forgave the excluders, they recruited regions of the ‘mentalizing’ 
network, such as the left and right TPJ and the dmPFC and regions involved in cognitive 
conflict and control, such as the dACC and the lateral PFC. Although activation in the 
mentalizing network has previously been linked to forgiveness of moral transgressions in 
hypothetical scenarios (Young & Saxe, 2009), here we show for the first time that bilateral TPJ 
and dmPFC are activated during actual forgiveness behavior involving real costs and benefits 
for self and offenders. A positive relationship between punishment frequency and activation in 
these regions suggests that people who punished more often might engage in increased mental 
state reasoning Koster-Hale & Saxe, 2013) or perspective taking (Lamm et al., 2007) when 
forgiving. Forgiving was furthermore associated with activation in brain regions implicated 
in cognitive conflict and control (dACC and lateral PFC). These regions are activated when 
people counter their own response tendencies, for instance when they overcome a selfish impulse 
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(Knoch et al., 2006) or when they share equally with unfair people (Brüne et al., 2013). A role 
for cognitive control in forgiveness of excluders is in line with recent findings showing that 
people who performed relatively worse on an external measure of cognitive control were more 
likely to aggress against excluders than high performers (Chester et al., 2013). Taken together, 
activation in the mentalizing network and control-related brain regions during equal sharing 
with excluders suggests that higher demands on mental state reasoning have to be met and 
that possibly a prepotent response to retaliate has to be controlled in order to forgive excluders.

Several limitations to this study should be noted. First, the amount of trials varied across 
conditions due to the participants’ relatively stable decision-making patterns. Second, although 
a recent study used a similar operationalization of forgiveness (Brüne et al., 2013), we did not 
collect self-report measures of trait forgiveness to validate our index of forgiveness. Further 
research is thus required to validate our measure of forgiveness by linking it to cognitive and 
motivational aspects associated with forgiveness and to determine in what way our measure 
reflects an attempt at reaffiliation after being excluded.

Despite these limitations, the current results advance our understanding of the neural 
correlates of social interactions with excluders. Such insights are of crucial importance to 
understand how social exclusion exerts its detrimental effect on people’s lives. That is, chronic 
peer rejection has been associated with detrimental consequences for mental health and is 
further related to lower levels of prosocial behavior (Cillessen & Rose, 2005) and higher 
levels of aggression (Dodge et al., 2003). Such behavioral problems contribute to a mutually 
reinforcing pathway between repeated instances of rejection and increasingly more behavioral 
problems, which might exacerbate the psychosocial problems associated with rejection (Sturaro 
et al., 2011). Importantly, interventions that train aggressive victims to take their bullies 
perspective and to forgive them improve behavioral adjustment and psychological well-being 
(Park, Enright, Essex, Zahn-Waxler, & Klatt, 2013). Ultimately, a mechanistic understanding 
of the reciprocal relationship between aggressive (e.g. punishing) and prosocial (e.g. forgiving) 
responses to exclusion and neural and cognitive development has the potential to give us more 
insights on what might be the best way to act on social exclusion.
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3.5 SUPPLEMENTARY MATERIAL

Table S3.1 Brain regions revealed by whole-brain contrasts during the Cyberball game (all thresholded p < .001 
uncorrected, > 10 voxels).

Brain region L/R Voxels z MNI coordinates
x y z

Exclusion no ball > Inclusion ball 
Calcarine gyrus/Cuneus L 783 5.45 -15 -93 -6*

4.85 15 -99 6*
4.69 18 -93 15*

Precuneus/Lingual gyrus L 85 4.76 -6 -57 12*
3.45 -15 -63 -6*

Middle Temporal gyrus L 134 4.42 -51 9 -30*
4.31 -54 0 -24*
3.66 -60 -9 -18*

Medial Prefrontal cortex R 45 3.85 3 45 -15*
3.47 -12 57 -6*

Subgenual Anterior Cingulate cortex L 15 3.79 -9 24 -6*
3.47 0 27 -9*

Lingual gyrus L 16 3.61 -18 -39 -12*

Positive correlation with need satisfaction after the exclusion game 

Superior Frontal gyrus L 22 4.37 -18 24 54
Ventral Anterior Cingulate cortex R 35 4.30 6 42 3
Inferior Frontal gyrus/Anterior Insula R 19 3.71 45 21 -3

Positive correlation with self-reported perspective-taking skills 
No significant clusters of activation

Positive correlation with need satisfaction after the exclusion game 
No significant clusters of activation

Inclusion ball > Exclusion no ball
Inferior Parietal lobule extending into: L 5059 6.42 -36 -39 45*
Postcentral gyrus R 6.33 33 -33 48*
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Postcentral gyrus L 6.32 -33 -33 54*
Middle Temporal gyrus extending into: L 280 5.06 -45 -66 0*
Middle Occipital gyrus 4.43 -51 -75 0*

3.70 -33 -99 -6*
Middle Temporal gyrus R 364 4.87 48 -66 -3*

4.79 48 -57 3*
4.42 60 -63 -3*

Insula (mid) extending into: L 200 4.80 -39 -3 9*
Inferior Frontal gyrus 4.70 -51 9 0*

4.27 -54 9 21*
Middle Cingulate cortex L 58 4.76 -12 -24 42*
Cerebellum Crus 1 R 95 4.66 39 -57 -30*

3.48 51 -57 -33*
3.26 30 -69 -30*

Inferior Frontal gyrus R 286 4.60 57 9 9*
4.38 57 12 21*
4.37 54 12 -6*

Thalamus L 27 4.46 -9 -24 6*
4.02 -12 -12 3*

Middle Occipital gyrus R 41 4.29 33 -78 30*
Middle Frontal gyrus L 151 4.14 -36 39 15*

3.96 -27 36 24*
3.84 -42 39 27*

Thalamus R 17 4.08 12 -18 6*
Insula L 18 4.07 -33 21 6*
Middle Frontal gyrus R 98 3.98 33 42 36*

3.70 36 45 24*
Middle Cingulate cortex R 10 3.69 9 -18 45*
Cerebellum 6 L 27 3.69 -33 -57 -30*

Exclusion no ball > Inclusion no ball
Caudate L 11 3.90 -3 12 0
Cuneus L 25 3.74 -6 -93 15
Middle Cingulate cortex R 30 3.74 3 -30 21

3.37 3 -21 33
Lingual gyrus R 20 3.65 18 -45 -3
Cuneus R 11 3.41 3 -78 27
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Inclusion no ball > Exclusion no ball
Precuneus R 174 4.76 12 -66 60*

4.06 -12 -63 60*
Inferior Parietal Lobule L 155 4.41 -42 -45 48*

3.58 -54 -33 48*
3.46 -27 -45 51*

Superior Temporal gyrus R 45 4.33 66 -42 12*
3.83 63 -36 21*

Middle Frontal gyrus R 79 4.28 30 0 51*
4.01 30 3 63*
3.67 33 9 57*

Inferior Frontal gyrus L 11 4.08 -33 33 9
Middle Temporal gyrus R 140 4.06 57 -69 0*

3.88 54 -60 6*
3.70 45 -63 0*

Inferior Frontal gyrus R 41 3.87 54 9 21*
Inferior Parietal lobule/ R 69 3.77 42 -42 51*
Superior Parietal lobule 3.58 42 -45 60*
Middle Temporal gyrus L 58 3.75 -51 -72 9*

3.63 -42 -66 6*
Superior Frontal gyrus/ L 28 3.65 -24 -9 63
Middle Frontal gyrus 3.59 -30 0 54

Inclusion no ball > Inclusion ball
Cuneus/Calcarine gyrus R 333 5.89 18 -102 9*

3.94 9 -93 30*
3.64 15 -81 9*

Middle Occipital gyrus L 208 4.86 -24 -99 15*
4.60 -15 -96 -9*
4.43 -18 -105 12*

Middle Temporal gyrus L 55 4.31 -51 6 -33*
3.60 -51 -3 -30*
3.58 -57 -12 -24

Inferior Frontal gyrus R 21 4.10 42 33 -15*
Inferior Frontal gyrus L 13 3.87 -39 33 -15

Inclusion ball > Inclusion no ball
Inferior Parietal lobule extending into: L 5283 6.59 -42 -30 42*



|  Part I: Reactions to social exclusion78

Note. L/R=Left/Right; k=cluster size in 3×3×3mm voxels; z=z-score; MNI coordinates =xyz voxel coor-
dinates in MNI space of the peak voxel. 

Supramarginal gyrus/ 6.36 -60 -24 42*
Supplementary Motor Area 6.27 -12 -9 66*
Inferior Frontal gyrus extending into: R 1898 6.02 51 9 0*
Insula L 5.88 -45 3 -3*
Thalamus L 5.39 -12 -18 9*
Cerebellum 6 R 219 5.03 33 -60 -27*

3.59 30 -72 -27*
Inferior Temporal gyrus R 266 4.91 42 63 -6*

4.39 39 -54 -3*
Middle Temporal gyrus R 3.97 51 -54 0*
Cerebellum 6 L 154 4.69 -33 -51 -30*

4.61 -21 -54 -24*
Middle Occipital gyrus L 142 4.47 -45 -69 0*
Middle Frontal gyrus L 75 4.08 -33 39 30*

3.77 -27 33 30*
3.37 -39 45 15*

Middle Frontal gyrus R 76 3.94 33 45 33*
3.67 39 45 27*
3.62 33 39 27*

Vermis 4 5 R 20 393 3 -60 -9*
Precuneus L 46 3.73 -9 -75 42*
Superior Occipital gyrus 3.47 -21 -72 30*
Superior Parietal gyrus 3.14 -18 -66 39*
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Note. L/R=Left/Right; k=cluster size in 3×3×3mm voxels; z=z-score; MNI coordinates =xyz voxel coor-
dinates in MNI space of the peak voxel. 
*We explored sex differences in all reported whole-brain contrasts. Direct comparisons between males 
and females on the Cyberball, punishment (Inequality excluders > Equality excluders) and Forgiveness 
(Equality excluders > Equality includers) contrasts did not result in significant clusters of activation. Also 
the ROI analysis investigating differences between inequality conditions did not yield sex differences.

Supplementary analysis
Punishment of the excluders in the Dictator Game: time effects

To investigate whether punishment frequency progressively declined during the Dictator 
Game, we tested whether punishment frequency was lower in the second and third run of the 
experiment (each run lasted 7.7 minutes). First, a repeated measures ANOVA was performed 
with inequality condition (5 levels: beneficial inequality, non-costly mild inequality, non-costly 
severe inequality, costly inequality and prosocial inequality), recipient (2 levels: includers vs. 
excluders) and run (3 levels: run 1, 2 and 3) as within-subjects factors and the percentage of 
unequal offers as the dependent variable. This analysis resulted in a main effect of run, F(2, 
50) = 6.56, p < .01, ηp

2 = .21 and significant interaction effects of run × inequality condition, 
F(8,200) = 2.52, p < .05, ηp

2 = .09 and run × inequality condition × recipient, F(8,200) = 3.53, 
p < .01, ηp

2 = .12. 
To further investigate these interaction effects, we ran two follow-up repeated measures 

ANOVAs for each recipient separately with inequality condition (5 levels) and run (3 levels) as 
within-subjects factors and the percentage of unequal offers as the dependent variable. For the 
includers, there was no main effect run (p = .276) and no significant run × inequality condition 
(p = .173). For the excluders this analysis yielded both a main effect of run, F(2, 50) = 6.60, p < 
.01, ηp

2 = .21 and a significant interaction effect of run × inequality condition, F(8,200) = 3.82, 
p < .005, ηp

2 = .13. This effect was driven by the costly inequality condition, F(2,50) = 8.72, p 
< .005, ηp

2 = .26, showing that costly Inequality for the excluders was chosen more in the first 
run (37%) compared to the second (18%; p < .05 ) and third run (17%, p < .05), in which costly 

Table S3.2 Brain regions revealed by whole-brain analyses testing for sex differences* for the 'Excluders > Includ-
ers' contrast in the Dictator Game (all thresholded p < .001 uncorrected, > 10 voxels).

Brain region L/R Voxels z MNI coordinates
x y z

Males ([Excluders – Includers] > Females [Excluders – Includers])
Middle Temporal gyrus L 125 4.35 -51 0 -21
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inequality was chosen at similar rates (p = 1). There was no significant main effect of run in 
the beneficial inequality (p = .766), mild non-costly inequality (p = .054), severe non-costly 
inequality (p = .057) and prosocial inequality (p =.506) conditions (see Supplementary Figure 
S3.1). Together, these results show that punishment is executed less during the later stages of 
the experiments when participants have to give up money to punish the excluders. 

Figure S3.1 Mean percentages of trials on which participants chose an unequal distribution in each run of the 
Dictator Game (each run consisted of 60 trials and lasted 7.7 minutes) for players who previously included and 
excluded them during Cyberball (error bars represent standard errors of the mean). Each form of inequality is 
displayed on the x-axis (red coins for participants; blue coins for the recipients). Unequal distributions were pitted 
against an equal distribution of money (5 coins for the participant / 5 coins for the recipient). BI = beneficial 
inequality; NCI = non-costly inequality; CI = costly inequality; PI = prosocial inequality
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