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It is still debated how altruistic punishment as one form of strong reciprocity has established during
evolution and which motives may underlie such behavior. Recent neuroscientific evidence on the activation
of brain reward regions during altruistic punishment in two-person one-shot exchange games suggests
satisfaction through the punishment of norm violations as one underlying motive. In order to address this
issue in more detail, we used fMRI during a one-shot economic exchange game that warrants strong
reciprocity by introducing a third party punishment condition wherein revenge is unlikely to play a role. We
report here that indeed, reward regions such as the nucleus accumbens showed punishment-related
activation. Moreover, we provide preliminary evidence that genetic variation of dopamine turnover impacts
similarly on punishment-related nucleus accumbens activation during both first person and third party
punishment. The overall pattern of results suggests a common cognitive-affective-motivational network as
the driving force for altruistic punishment, with only quantitative differences between first person and third
party perspectives.

© 2010 Elsevier Inc. All rights reserved.

Introduction

While altruistic behavior can be observed in several species apart
from humans, accounts for such behavior are typically based on
genetic relatedness (kin-altruism) or benefits arising from altruistic
behavior in repeated interactions (Bowles and Gintis, 2004; Fehr and
Gdchter, 2002). These theories, however, cannot explain why humans
show altruistic behavior and cooperation even in anonymous and
unattended interactions with strangers.

The theory of strong reciprocity (Bowles and Gintis, 2004)
provides an explanation based on so-called altruistic punishment,
which may have developed via gene-culture coevolution (Gintis,
2003). Indeed, experimental and simulation studies have shown that
cooperation can be maintained even in larger groups and in one-shot
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interactions, if there is the possibility to punish defectors (Fehr and
Gdchter, 2002; Boyd et al., 2003; Fehr and Fischbacher, 2004; see,
however, Ohtsuki et al., 2009). Such strongly reciprocal behavior is
commonly termed altruistic punishment and is defined as the costly
punishment of norm violations, which does not involve any overt
benefit for the punisher. However, even in one-shot interactions,
there may be some covert benefits of punishment (e.g., the
satisfaction of revenge, the experience of power, the expectation of
future rewards). Recent neuroscientific studies have begun to shed
more light on the brain processes during altruistic punishment in
order to provide an additional level of evidence for the discussion of
the motives underlying this behavior.

In a functional magnetic resonance imaging (fMRI) study, Sanfey
et al. (2003) scanned their participants while they had to decide
whether to accept or to reject fair or unfair splits of a sum of money by
a proposer in sequential one-shot interactions in the context of an
Ultimatum Game. Critically, if recipients in the Ultimatum Game
reject the proposal, neither the proposer nor the participants
themselves receives money. Hence, the rejection of unfair offers
bears a cost without a benefit and can thus be conceived of as a form of
altruistic punishment. The main findings of this study were that right
dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex
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(ACC), and anterior insula exhibited stronger activation during unfair
offers, with the activity of the anterior insula being positively
correlated with rejection rates for unfair offers. The authors
interpreted their findings based on the prominent role of the DLPFC
in cognitive control processes, of the ACC in monitoring (cognitive-
affective) conflict, and of the insula in subserving emotional
processing via representations of signals of (especially aversive)
internal states, highlighting the importance of emotions in economic
decision-making. Indeed, recent evidence supports the view that
insular representations of emotional states (Singer et al., 2009) may
serve as bias or error signals in economic decision-making, which
drive the motivation to reject unfair offers, and thereby to punish
norm violations (see Montague and Lohrenz, 2007).

Another brain region that might be implicated in the rejection of
unfair offers in the Ultimatum Game was highlighted in a lesion study
by Koenigs and Tranel (2007). These authors showed that compared
to a control group, individuals with lesions in the ventromedial
prefrontal cortex-with the region of the strongest overlap of lesions
tapping into the orbitofrontal cortex (OFC)-were more likely to reject
unfair offers. As OFC damage has been associated with emotional
dysregulation and failures in emotion-guided decision making (e.g.,
Bechara et al., 2000), Koenigs and Tranel (2007) argued that OFC
lesions might impair emotion down-regulation (i.e., anger down-
regulation when facing unfair offers) which may lead to economically
irrational behavior (i.e., the rejection of unfair, but non-zero offers).
Thus, this interpretation substantiates the role of emotional processes
in altruistic punishment, but also suggests that non-altruistic motives
can drive costly punishment.

This view is underscored by the results of a more direct inves-
tigation of the neural processes underlying altruistic punishment: De
Quervain et al. (2004) performed positron emission tomography
(PET) scans while their participants could use part of their reimburse-
ment to punish defectors in a Trust Game. Stronger activation of the
nucleus caudatus (NCd) was observed during effective as compared to
symbolic punishment. The authors suggest that-as the NCd has been
implicated in reward processing (e.g., Delgado et al., 2003)-the
motivation to punish defectors could be partly due to feelings of
satisfaction when social norm violations are punished and justice is
reestablished.

However, three issues in these seminal studies require further
investigation. Firstly, in these investigations, participants were
directly affected by the unfair behavior of the other players, whom
they could punish. In such situations, punishment may be driven by
anger and revenge-like motives, thus presumably reflecting condi-
tions where punishment is subjectively beneficial via satisfaction
through revenge. To test this interpretation, it is important to contrast
such conditions with others where the punisher is not directly
affected by unfair behavior, so that revenge-like motives cannot
account for punishment. Secondly, in the De Quervain et al. (2004)
study, NCd activation was stronger in two conditions where
punishment was effective. Yet, only one of these conditions was an
operationalization of altruistic-i.e., costly-punishment, which raises
the question whether the NCd might be implicated in effective rather
than in altruistic punishment. Thirdly, the pattern of neural activation
in the above-mentioned studies may provide some hint for the
empirical examination of the assumption of genetic factors impacting
on the development of altruism (Gintis, 2003). The activity of the
regions highlighted above, i.e., DLPFC, ACC, Insula, and NCd is critically
modulated by dopaminergic projections from the midbrain, which
have also been implicated in reward processing and prediction error
signaling (Schultz, 1998). Therefore, genetic variation in dopamine
function could be expected to impact on neural responses to norm
violations in which punishment of defectors is possible.

In the present study, we addressed these issues in order to increase
our knowledge of those brain regions involved in altruistic punishment
in order to provide a more differentiated basis for a neuroscientifically

based account of the motives underlying altruistic punishment. To this
end, we employed an economic exchange game based on the Dictator
Game (DG). Iniits original first person version, one player A, the dictator,
has to decide how to split a pie (usually a sum of money or monetary
units) between him- or herself and another player B (the recipient),
who has no means to reject this decision, even in the case of very unfair
assignments. In our version of the game, we were interested in the
behavior of player B whom we gave the opportunity to punish the
dictators at the cost of reducing their own payoff. Hence, the
operationalization of altruistic punishment was whether and how
much the recipients punished the dictators in terms of punishment
points invested.

We were further interested in whether there were differences in
brain activation during punishment acts where individuals might
pursue some subjective benefit such as satisfaction through revenge
(i.e., punishment for norm violations affecting one self, or first person
punishment) as compared to punishment acts where individuals
seemingly do not pursue any subjective benefit (i.e., punishment for
norm violations affecting other people, or third party punishment).
Hence, we compared two conditions where players B were either the
recipients themselves or were “watching” interactions between the
dictators and some players C.

Our second question was whether NCd activation would be
associated with effective rather than with altruistic punishment.
Hence, we compared two conditions where the punishment was
either highly effective (strong punishment, resulting in a substantial
reduction of the dictator's payoff) or rather less effective (weak
punishment, resulting in marginal reduction).

Finally, we addressed our third question of a possible role of
genetic factors in the modulation of neural responses during altruistic
behavior by examining whether molecular genetic variation in
dopaminergic function might explain part of the variance in neural
activation during altruistic punishment. A widely studied genetic
variation of dopamine function is a G to A single nucleotide
polymorphism in the gene encoding the dopamine-degrading enzyme
catechol-O-methyltransferase (COMT) resulting in the substitution of
the amino acid valine (Val) by methionine (Met) at amino acid
position 158 of the COMT enzyme. The COMT Val158Met polymor-
phism impacts on this enzyme's thermostability: Met allele homo-
zygotes exhibit only % of the COMT activity than Val/Val
homozygotes, and hence, presumably have higher levels of synaptic
dopamine (Lachman et al, 1996; Chen et al., 2004). The COMT
Val158Met polymorphism has been associated with prefrontally
modulated cognitive and affective processing (for review and meta-
analysis see Mier et al., 2009), but has recently also been implicated in
reward processing, with Met allele carriers exhibiting higher
activation in the ventral striatum and the DLPFC during reward
anticipation (Dreher et al, 2009). Hence, the COMT Val158Met
polymorphism might explain part of the variance in neural activation
in the brain regions of interest in the present study.

We hypothesized (1) punishment-related activation in brain regions
implicated in altruistic punishment in the literature (i.e., OFC, DLPFC,
ACGC, insula, NCd) or implicated in reward-related behavior in general
(i.e., nucleus accumbens, NAc), with higher activation when subjects
punished as compared to trials with no punishment; (2) differences in
neural activation related to the players' B perspective, with reward-
related areas (especially the NAc) being more strongly activated in the
first person perspective, pointing to revenge-like behavioral tendencies,
and with areas like the DLPFC and ACC presumably being more strongly
activated in the third party perspective, pointing to elevated cognitive
control demands and cognitive-affective conflict accompanying the
decision to punish defectors in this situation; (3) differences in NCd
activation related to the effectiveness of punishment, with higher
nucleus caudatus activation for effective (strong) punishment as
compared to less effective (weak) punishment; and (4) genetic
variation in dopaminergic function to be associated with neural
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activation during altruistic punishment, with carriers of the COMT Met
alleles showing stronger NAc and DLPFC activation in punishment vs. no
punishment trials.

Materials and methods
Subjects and procedure

Twenty-four students of the University of Giessen (11 women,
mean age+SD: 23.8 3.8 years, age range: 20-34 years) were
recruited from the Giessen Gene Brain Behavior Project data bank
based on their COMT Val158Met genotype, from which we selected an
entirely Caucasian sample with almost equally distributed COMT
genotypes (Val/Val: n=9; Val/Met: n=7; Met/Met: n=8). Subjects
were contacted via a telephone interview to rule out the usual MRI
exclusion criteria (e.g., non-removable metal parts in/at the body,
known neurological diseases, claustrophobia) and subsequently
scheduled for the experiment. No further exclusion criteria were
used. Upon arrival, subjects were first informed about the study, gave
written informed consent, and completed several questionnaires
including an assessment of personality characteristics. For the current
study, we examined only the Altruism facet scale of the Revised NEO
Personality Inventory (NEO-PI-R, Costa and McCrae, 1992). The study
was carried out in accordance with the Declaration of Helsinki and
both the imaging as well as the genetic parts of the experiment were
approved by local ethics committees.

After a demonstration of the paradigm outside the scanner,
subjects were placed in the fMRI scanner and performed a short
training run to familiarize with the response button device. Measure-
ments began with an anatomical scan, followed by two functional
runs of the Dictator Game. In each run, subjects were in the role of a
player B who faced 60 decisions of real players A (the “dictators”) on
how to split a sum of 20 € between themselves and a recipient. In one
run, the recipients were the players B themselves (first person
perspective, FP), whereas in the other run, the recipients were players
C (see below), with the players B only “watching” (third party
perspective, TP). The order of runs was counterbalanced across
subjects. After presentation of each player A's decision for 2 s, players
B had 6 s to decide whether or not to punish player A for his or her
decision by assigning zero to four punishment points. In half of the
trials of each run, players B had the opportunity for “strong
punishment” (PS), where for every punishment point they invested,
2.50 € were subtracted from player A's outcome, resulting, e.g.,ina 10
€ reduction of player A's outcome after maximal punishment by
investing all 4 punishment points. In the other half of the trials,
opportunity for “weak punishment” (PW) was given; here, every
punishment point invested by the players B resulted in a subtraction
of only 0.5 €, and hence, in a maximal reduction of player A's outcome
by 2 €. After each decision, subjects were presented a feedback screen
to inform them about the outcome of all players. Then, after a mean
inter-trial interval of 9 s (range 7.5 to 10.5 s), the condition of the next
trial was revealed for 1 s, followed by the next decision of another
player A (see Fig. 1A). After the two runs, which in total lasted about
50 min, subjects were debriefed and paid according to their decisions,
i.e,, according to their punishment points not invested plus a basic
reimbursement, resulting in an outcome between 10.50 and 50.50 €.
Overall, there were 30 trials each for the four conditions FP/PS, FP/
PW, TP/PS, and TP/PW, being composed of the following numbers of
player A decisions on dictator : recipient assignments (in €): eleven
10:10, one 11:9, two 12:8, one 13:7, two 15:5, one of each 17:3, 18:2,
19:1, and ten 20:0 assignments.

This distribution of assignments was chosen from a distribution of
decisions of real “dictators” who had been asked in advance during
the course of a psychology lecture at the University of Frankfurt to
decide how they would split a sum of 20 € between themselves and
another real person who they did not know and would not knowingly

meet again. Further details on the procedure are given in the
Supplementary Methods.

fMRI data acquisition

Imaging was performed on a GE Sigma 1.5 T scanner (General
Electrics, Milwaukee, WI) using gradient echo planar imaging. 30 axial
slices oriented according to AC-PC were acquired in interleaved order
(TR=3000 ms, TE=50 ms, flip angle =90°, slice thickness=>5 mm,
FOV = 240 mm, matrix =64 x 64). Prior to the functional imaging, a
T1-weighted structural image (172 axial slices, 1x1x1 mm> voxel
size) was collected from each subject.

fMRI analyses

Processing of the images was performed using SPM5 (The
Wellcome Trust Center for Neuroimaging, London, UK, http://www.
fil.ion.ucl.ac.uk/spm/). First, images were slice time corrected and
then realigned to the first volume. Thereafter, the images were
spatially normalized into a standard stereotactic space (MNI tem-
plate), resliced to 3 mm isotropic voxels and smoothed with a 6 mm
FWHM Gaussian kernel.

Statistical analyses at the first level were conducted for each
participant separately by means of a general linear model. The model
consisted of two separate sessions (FP, TP). For both sessions the
following events were modeled: fair offers, unfair offers, weak
punishment, weak non-punishment, strong punishment, strong
non-punishment, and feedback. A synthetic hemodynamic response
function was used to model brain responses to the particular events.
To reduce error variance, the realignment parameters (3 translations,
3 rotations) as derived from preprocessing as well as two noise
regressors consisting of time series from white matter and cerebro-
spinal fluid regions were included into the analyses as covariates. For
each participant, contrasts reflecting activation to each event in each
session were calculated. These contrasts were then included into a
three-way factorial model with 2 (player B perspective: FP vs. TP) x 2
(punishment; punishment vs. non punishment)x2 (punishment
effectiveness: weak vs. strong) second level mixed effects model.
We decided not to include the fairness factor into the model because it
was confounded with punishment (participants almost always
punished during unfair trials and did not punish during fair trials).
Separate analyses of the fairness conditions showed that the fairness
factor did not substantially explain additional variance. For the second
level model, main effects as well as interactions were calculated.

To test for genotype effects on brain activation, difference
contrasts were calculated on the first level (punishment vs. non
punishment, FP vs. TP, and PS vs. PW). These contrasts were then
included into second-level regression analyses using the COMT
Val158Met genotype as regressor. For all second level analyses, age
and gender were used as nuisance covariates.

Statistical interference was conducted in two ways: For explor-
atory whole brain analysis, we used a threshold of P<0.0005 and a
cluster size of k>10. To test our hypotheses, we used region of
interest (ROI) analysis using small volume correction at a threshold of
P<0.05 false discovery rate (FDR) corrected for multiple testing (in
the following denoted as Pgpg). In addition, we accounted for a
possible underestimation of type I error by FDR-correction and
additionally calculated minimum cluster sizes within regions of
interest using AlphaSim as implemented in the AFNI software
package. AlphaSim corrects for multiple testing using Monte Carlo
simulations taking into account the spatial correlation of voxels, the
size of the region of interest, and a pre-defined level of significance at
the voxel level (Ward, 2000). Cluster sizes were calculated for a
predefined P of 0.001 and by running 1000 simulations per ROIL
Significance levels for cluster sizes are reported as Pyc.
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Fig. 1. Summary of the paradigm and behavioral results. (A) Overview over one trial of the Dictator Game used in the present study, together with histogram an box plot of the overall
response latencies. (B) Mean punishment points (4 S.E.M.) assigned to player A by player B, separately for first person vs. third party conditions (upper panel) and strong vs. weak
punishment conditions (lower panel). (C) Correlation between NEO Altruism scores and mean punishment points, separately for first person vs. third party conditions (upper panel)
and strong vs. weak punishment conditions (lower panel), together with the results of nonparametric correlation analyses (Spearman's rho; note that for NEO Altruism, normalized
scores are presented for illustrative purposes only, the normalization does not affect the results of the correlation analyses), *P<0.05.

ROIs were defined a priori based on studies on neural correlates of
altruistic punishment. Following findings of the fMRI study by Sanfey
et al. (2003) on an involvement of the insula (Ins), the cingulate gyrus
(CG), and the dorsolateral prefrontal cortex (DLPFC, with the
involvement of especially the right DLPFC also being substantiated
by findings of a study by Knoch et al., 2006), these brain areas were
included as ROIs. The medial OFC was included based on the findings
by Koenigs and Tranel (2007). Furthermore, following the results of
de Quervain et al. (2004), the nucleus caudatus (NCd) was also
included and in addition another reward-related brain area, the
nucleus accumbens (NAc). ROl masks were constructed using the SPM
toolbox WFU Pick-Atlas version 2.4 (Maldjian et al., 2003). Details on
ROI construction are given in the Supplementary Methods.

Additional statistical analyses

Additional statistical analyses were mainly carried out using SPSS
17 (SPSS Inc., Chicago, USA), with several pre-processing steps or
minor statistical analyses such as correlation analyses being per-
formed using MATLAB (The Mathworks, Natick, MA, USA). To analyze
whether there were differences between the experimental conditions
in the amount of punishment points invested, nonparametric tests
were performed, as due to the low variation in punishment points
invested for punishing rather fair offers (i.e., player A : player B
assignments of 12:8, 11:9, and 10:10), these variables significantly
deviated from the normal distribution (Kolmogorov-Smirnov tests,
P<0.05). To examine the expected increase of punishment points
invested with decreasing fairness of the assignments, the Friedman
test was used, with the dependent variables being the means of
punishment points invested facing the different levels of player A :
player B assignments (9 levels from 10:10 to 20:0), averaged across
the conditions “player B perspective” or “punishment effectiveness.”
To examine whether there were differences in punishment related to
“player B perspective” and “punishment effectiveness,” the Wilcoxon
test was used, with the dependent variables being the means of
punishment points invested in the first person vs. the third party
perspective (FP vs. TP), and in the strong vs. weak punishment

conditions (PS vs. PW), respectively, averaged across the different
levels of assignments. Two-tailed P-values are reported.

To examine influences of individual differences in COMT genotype,
age, sex, and NEO Altruism on players' B punishment behavior,
correlations were calculated between these variables and the mean
punishment points across assignments in the FP and the TP
conditions, and in the PS and PW conditions, respectively. Nonpara-
metric correlations (Spearmans' rho) were used to account for the
non-normality of some of the entered variables and for potential
outliers.

Results
Behavioral results

Participants indeed invested in punishing the dictators (see Fig. 1B
for descriptive results), and did so the more money the dictators kept
for themselves (Friedman test: y?>=172.57, df=8, P<0.001). There
were no differences in the punishment points invested in the strong
vs. weak punishment conditions (PS vs. PW; Wilcoxon test: Z=
—0.14, P=0.886), but players B slightly differed in their punishment
points invested when facing the dictators’ decisions themselves
compared to “watching” them interacting with third persons (first
person perspective, FP, vs. third party perspective, TP; Wilcoxon test:
Z=—1.92, P=0.049). As descriptively, the latter result seemed to be
due to some deviation for 18:2 assignments (see Fig. 1B, upper panel),
Wilcoxon tests were performed comparing the punishment points
invested in FP and TP conditions separately for the different levels of
assignment. Indeed, only for the 18:2 assignment, significantly more
punishment points were invested in the TP vs. the FP condition
(P=10.004 and still significant after Bonferroni correction accounting
for the number of tests, i.e., 9; all other P>0.337).

In order to explain individual differences in players' B punishment
behavior, we took into account their COMT genotype as well as age,
sex, and NEO Altruism and calculated nonparametric (Spearman)
correlations between the mean punishment points across assign-
ments in the FP and the TP conditions, and in the PS and PW
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conditions, respectively. Neither COMT genotype nor age and sex were
significantly related to the mean punishment points in the different
conditions (all P>0.20; the insignificant effect of COMT genotype was
also confirmed by Kruskal-Wallis tests). However, Altruism correlat-
ed significantly with the mean punishment points in the TP condition
(Spearman's rho=0.42, P=0.041) and also showed medium-sized,
though not or only marginally significant correlations with punish-
ment points in the other conditions (all other r>0.32, all P<0.126;
see Fig. 1C). These results indicate that punishment behavior in our
paradigm indeed to some extent reflected (self-reported) habitual
altruistic behavioral tendencies, thereby justifying the interpretation
of this behavior as “altruistic punishment.” Nevertheless, the medium
effect sizes of the relation between NEO Altruism and punishment
behavior point to further sources of variation in “altruistic punish-
ment.” Here, the fMRI results on neuronal activation during punish-
ment can be informative.

fMRI results

The main effect punishment>no punishment was significant for
almost all regions of interest (ROI, see Table 1 and Fig. 2B, left panel),
i.e., bilateral cingulate gyrus (CG), DLPFC, insula, NCd, and NAc
showed stronger activation in trials where subjects punished as
compared to trials where they did not punish. Only for the OFC ROIs,
we did not observe punishment- related activation (generally, we did
not observe OFC activation differences for any of the contrasts
calculated, see Discussion). For the CG ROIs, a differentiation was
revealed into anterior and posterior clusters of activation in both
hemispheres, corresponding to anterior and posterior cingulate gyrus,
while for the right DLPFC RO, there was also a differentiation into two
clusters, one of wide-spread lateral activation, and one of posterior
middle frontal gyrus activation near the frontal eye fields, which
descriptively was observed also in the left hemisphere, were it was,
however, connected with the main lateral cluster of activation.
Whole-brain analyses corresponded well with this pattern of
activation (see Fig. 2B, right panel), but also pointed to additional
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clusters of activation, notably parietal regions (intraparietal lobule
and precuneus), as well as, among others, medial occipital gyrus,
fusiform gyrus, and cerebellum, and thalamus (see Supplementary
Table 1 and Supplementary Fig. 1 for a full account). For the reverse
contrast no punishment>punishment, ROI analyses indicated only one
cluster of activation in left posterior insula (k= 131, Py;c<0.001, peak
voxel at -38, -14, 14: T182:3.81, PFWE:0-024- PFDR:O'027v
Pync<0.001). Whole-brain analyses confirmed this region, but yielded
also additional, wide-spread, but somewhat scattered activation, most
prominently in temporal areas, hippocampus/parahippocampal
gyrus, and cuneus (see Supplementary Table 1).

For the contrast FP>TP, right NAc and bilateral CG exhibited
significantly activated clusters, with the latter again showing a
differentiation into anterior-to-middle and posterior clusters (see
Table 1 and Fig. 2C, left panel). Whole-brain analyses confirmed these
clusters of activation (see Fig. 2C, right panel), with the posterior CG
extending to the precuneus, and with several smaller clusters of
activation in other brain areas (see Supplementary Table 1). For the
reversed contrast TP>FP, no significant clusters of activation were
found in the ROI analyses. In the whole-brain analyses, only occipital
clusters of activation reached significance, namely right middle
occipital gyrus and bilateral lingual gyrus, perhaps reflecting the
more complex computer display in this condition (see Supplementary
Table 1 and Supplementary Fig. 1).

For the contrast PS>PW, ROI analyses revealed only the NCd to
exhibit a significant cluster of activation (see Table 1 and Fig. 2D, left
panel). Whole-brain analyses confirmed this region and additionally
pointed to significant activation in Brodmann area 10. For the reverse
contrast PW>PS, no substantial effects were observed (see Supple-
mentary Table 1 and Supplementary Fig. 1).

Both of the ROIs reflecting brain areas implicated in reward
processing, i.e., NAc and the NCd, showed significant activation
differences not only related to punishment, but also-as for NAc-
related to the factor “player B perspective,” and-as for NCd-related to
the factor “punishment effectiveness.” Therefore, we examined more
closely the activation-deactivation features of these effects, as positive

Table 1
Full factorial model: Regions of interest (ROI) analyses for main effects punishment>no punishment, first person>third party, and strong>weak punishment.
ROI Peak voxel
Name A priori size Significant voxels k Tis2 Prwe Pepr X y z
Punishment>no punishment
Cingulate gyrus L 3803 582 6.46 <0.001 <0.001 —6 26 36
249 4.47 0.005 <0.001 0 —34 32
R 3850 953 6.91 <0.001 <0.001 4 26 40
436 4.65 0.003 <0.001 2 —34 32
Insula L 1858 603 6.74 <0.001 <0.001 —40 16 -2
R 1770 658 6.59 <0.001 <0.001 32 24 —4
DLPFC L 8430 5090 9.06 <0.001 <0.001 —42 40 28
R 8654 3852 9.27 <0.001 <0.001 38 8 30
458 6.05 <0.001 <0.001 32 2 56
N. accumbens IL, 70 66 4.52 <0.001 <0.001 —-10 8 =7
R 67 66 498 <0.001 <0.001 10 10 —4
N. caudatus L 564 207 4.85 <0.001 <0.001 -8 4 8
R 566 130 4.78 <0.001 <0.001 10 10 -2
First person>third party
Cingulate gyrus L 3803 157 3.94 0.031 0.023 0 10 34
241 3.67 0.070 0.023 —6 —44 52
R 3850 185 4.00 0.025 0.006 2 10 34
248 4.50 0.004 0.006 14 —34 46
N. accumbens R 67 42 3.61 0.002 0.005 8 10 —-10
Strong punishment>weak punishment
N. caudatus R 566 227 4.52 0.001 0.001 12 14 10

Note. Age and sex were entered as covariates into the full factorial model; Ty, = T-statistic and degrees of freedom; Pryg = corrected significance of peak voxel based on family-wise
error rate; Pppgr = corrected significance of peak voxel based on false discovery rate; only clusters with Pepr<0.05 and k> 10 significant voxels per cluster are given (all Py, <0.0002).
All cluster sizes were significant at Pyic<0.001; for reverse contrasts, no significant activation was observed in any of the ROIs except for left posterior Insula, were k=131 voxels
showed higher activation during no punishment trials vs. punishment trials (peak voxel at coordinates -38, -14, 14: T1g, = 3.81, Prwg = 0.024, Prpr = 0.027, Pync = 0.0001); X, y, and z

coordinates of peak voxels are MNI coordinates; DLPFC = dorsolateral prefrontal cortex.
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Fig. 2. fMRIresults: regions of interest (ROI) analyses and corresponding whole-brain-analyses. (A) A priori masks for ROl analyses and legend to panels B-D. (B-D) Results of ROl analyses (left)
and corresponding whole-brain analyses (right) using a full factorial model with the three within-subjects factors (B) punishment (regressors 1, 2, 5, and 6) vs. no punishment (3, 4, 7, and 8),
(C) first person (1-4) vs. third party (5-8), and (D) strong punishment (1, 3, 5, and 7) vs. weak punishment (2, 4, 6, and 8); results for all positive and negative main effects are presented at the
coordinates given in (A) at a threshold of Pepr<0.05, k> 10 for the ROI analyses, and at P,;,<0.0005, k> 10 for the whole-brain analyses; please refer to text for full information; note on image

orientation: right is displayed right; see also Supplementary Table 1 and Supplementary Fig. 1.

contrasts may be due to stronger activation in punishment trials,
stronger deactivation in no punishment trials, or both. Fig. 3 depicts
the comparison between neuronal activation related to “player B
perspective” and “punishment effectiveness,” stratified for trials with
vs. without punishment (this figure also illustrates the findings of
anterior and posterior CG). As can be seen descriptively, prominent
NAc activation was found only when subjects were recipients
themselves and chose to punish dictators, while NCd activation was
especially observed when subjects assigned punishment points in
trials where punishment was effective.

However, these effects could not be identified as interactive effects
in the statistical sense, and generally, interaction effects were sparse
throughout the ROI analyses. Only the following two interaction
effects reached significance (see Fig. 4): Firstly, activation in a cluster
of k=243 (Pyc<0.001) in the left DLPFC revealed an interaction
between “punishment” and “player B perspective” (peak voxel at MNI
coordinates —40, 22, 46: T182 =4.61, Ppwg=0.003, Pppgr=0.006,
Pync<0.001), showing that in the FP condition, there was weaker
activation in punished than in not punished trials, whereas for TP, the
reverse pattern emerged. Secondly, activation in a cluster of k=11 in
the right DLPFC ROI showed an interaction between “punishment”
and “punishment effectiveness” (peak voxel at 46, 26, 8: T;g, =4.32,

—0— not punished B

pCG NAc

A —&— punished
aCG

NCd

contrast values
o
contrast values
o
i
1
!
1

| | — | — |

FP TP FP TP FP TP PS PW
player B punishment
perpective effectiveness

Fig. 3. Comparison between neuronal activation related to player B perspective and
punishment effectiveness. Comparison between neuronal activation in trials where players
punished (filled circles) as compared to trials without punishment (open circles): (A) main
effect of player's perspective: first person (FP)>third party (TP) at the peak voxels of right
aCG=anterior cingulate gyrus (MNI coordinates: 2, 10, 34); right pCG = posterior
cingulate gyrus (14, —34, 46; for both CG ROISs, results for left hemisphere are analogous);
and right NAc=nucleus accumbens (8, 10, —10); (B) main effect of punishment
effectiveness: strong punishment (PS)>weak punishment (PW) at the peak voxel of right
NCd = nucleus caudatus (12, 14, 10); see Table 1 and text for further details.



A. Strobel et al. / Neurolmage 54 (2011) 671-680 677

A Regions of interest where
interaction effects were observed

(x=-33,y =26, z=50)

RRO |

B DLPFC L DLPFC R
w1
@
=
©
> —e— punished
et o P P P
o —o— not punished
=
c
o
.1
[ — | —
FP TP PS PW
player B punishment
perpective effectiveness

Fig. 4. Regions of interest, where interaction effects were observed. (A) significant
clusters of activation for the interaction between player's perspective (first person, FP
vs. third party, TP) and punishment (punishment vs. no punishment) in left DLPFC, and
for the interaction between punishment effectiveness (strong punishment, PS, vs. weak
punishment, PW) and punishment (punishment vs. no punishment) in right DLPFC;
(B) Comparison of neuronal activation between trials with punishment (filled circles)
as compared to trials without punishment (open circles); mean contrast values (4 S.E.M)
were derived from the respective peak voxels of left DLPFC (MNI coordinates: —40, 22, 46)
and right DLPFC (46, 26, 8); note on image orientation: right is displayed right; see also
Supplementary Table 2.

Prywe = 0.018, Prpr = 0.029, Pync<0.001), reflecting a strong increase
of activation in the PW as compared to the PS condition when subjects
punished and a rather slight decrease of activation in the PW as
compared to the PS condition when they did not punish. These effects
were confirmed in whole-brain analyses (see Supplementary Table 2,
with further interactions summarized).

Genetic analyses

Subsequent analyses focused on the impact of variation in
dopaminergic function due to genetic variation in the COMT gene,
namely the Val158Met genotype. An additional inclusion of the COMT
genotype into the factorial model applied for the examination of the
effects described above likely would have resulted in a rather “fragile”
model, which would have been quite complicated to evaluate.
Moreover, as based on our hypotheses, we were mainly interested
in a genetic impact on punishment-related neuronal activity, potential
genotype-specific differences in neuronal activation within the a
priori ROIs were examined using multiple regression with COMT
genotype (Met/Met>Val/Met > Val/Val) as predictor, the first-level
contrast images for the contrasts punished>not punished as criterion,
and age and sex as covariates, again employing a threshold of
Prpr<0.05 and k>10. Only for the contrasts punished>not punished,
three of the a priori ROIs exhibited significant clusters of activation
(see Fig. 5): Firstly, a cluster of k=15 (Pyc<0.03) in the left anterior
cingulate gyrus (peak voxel at MNI coordinates -2, 50, 10: Too = 6.04,
Prpr =0.010), secondly, a cluster of k=52 (Pyc<0.002) in the right
posterior insula (peak voxel at 44, —12, 6: T,0=15.03, Prppr =0.021),
and thirdly, a cluster of k=15 (Pyc<0.01) in the right nucleus
accumbens (peak voxel at 12, 12, —6: To0=23.36, Prprg=0.011). No
significant effects were observed for other contrasts or for the reverse
COMT genotype (Val/Val>Val/Met>Met/Met) as predictor.

A COMT genotype-specific differences
in contrast punishment > no punishment

(x=10,y=10,z=10)
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Fig. 5. COMT genotype effects. (A) Multiple regression with COMT genotype (Met/
Met>Val/Met > Val/Val) as predictor (and age and sex as covariates): Regions of
interest analyses (threshold: Prppr<0.05, k>10) for contrast punishment>no punish-
ment revealed significant COMT genotype-specific activation differences in CG = cin-
gulate gyrus (peak voxel coordinates: —2, 50, 10), Ins=Insula (44, —12, 6), and
NAc = nucleus accumbens (12, 12, -6); note on image orientation: right is displayed
right; (B) Illustration of COMT genotype-dependent neuronal activation in punishment
trials (filled circles) compared to no punishment trials (open circles), separately for all
trials (top), first person perspective (middle), and third party perspective (bottom): for
this illustration, the mean contrast values (+ S.E.M) of the full factorial model were
derived from the respective peak voxels of the multiple regression results and were
stratified for COMT genotype (V=Val, M= Met).

Finally, as sex was included in the regression analyses above, we
also examined possible sex effects. However, we did not find such
effects with regard to activation differences related to punishment,
player B perspective, or punishment effectiveness at a threshold of
Prpr<0.05.

Discussion

In the present study, we addressed the question of the neural and
genetic basis underlying strongly reciprocal behavior such as altruistic
punishment in more detail by employing fMRI during a one-shot
economic exchange game. This enabled us to contrast conditions of
strong reciprocity with and without personal involvement by
comparing first person with third party punishment. As recent
evidence on the activation of brain reward regions during altruistic
punishment suggests satisfaction through the punishment of norm
violations as one underlying motive for altruistic punishment, we
specifically concentrated on reward-related regions, but also took into
account further brain regions implicated in cognitive and affective
processing during social interactions. The results of our investigation
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will be summarized and discussed along the lines of our a priori
hypotheses.

Punishment-related activation in cognition-, emotion-, and
motivation-related regions

Our behavioral data indicate that punishment behavior covaried
with the unfairness of the dictators’ assignments, but was rather
independent from punishment effectiveness or personal involvement
(although it has to be noted that we observed significantly higher
third party than first person punishment for the 18:2 assignment, the
reasons for which remain speculative until replication of this
punishment pattern). Importantly, we observed medium-sized
positive correlations between punishment points invested by our
participants and their Altruism scores as assessed using the NEO-PI-R.
It has to be noted, that only the correlation between Altruism and
third party punishment reached significance, but exactly in the third
party condition, altruistic behavioral tendencies should manifest most
clearly. Hence, this result supports the notion that punishment
behavior in economic exchange games indeed covaries to some
extent with self-reported altruistic behavioral tendencies, and hence,
can be used as an experimental operationalization of altruistic
behavior.

Similar to the behavioral results, the fMRI data show that altruistic
punishment involves comparable processes irrespective of personal
involvement or punishment effectiveness. Almost all ROIs hypothe-
sized to exhibit punishment-related activation patterns-DLPFC,
(especially dorsal) ACC, insula, NCd, and NAc, see our first hypoth-
esis—showed stronger activation during punishment trials than during
trials without punishment. Only for the OFC ROIs, we did not observe
punishment-related activation (nor did we observe OFC activation for
any other contrast). Although image acquisition covered the entire
brain, EPI distortion artifacts were quite severe adjacent to perinasal
sinuses (see exemplary EPI images in Supplementary Figure 2). On the
used hardware, we were unable to employ better sequences like z-
shim GE-EPI (see Weiskopf et al., 2006). Hence, it is likely that the lack
of OFC activation might be related to the observed signal loss in this
area.

While we modeled the fairness of the assignments in separate
regressors (see Materials and methods), we cannot rule out that some
of the observed activation during punishment may result from a
temporal overlap with processes of fairness evaluation. Nevertheless,
the interpretation of the observed activation patterns as correlates of
punishment-related processes includes aspects of fairness evaluation,
and future studies might be able to examine the complexity of these
processes in more detail.

Concerning the functional roles of the regions identified here as
punishment-related, there is a vast body of evidence that implicates
the DLPFC in the implementation of executive, or cognitive control as
well as in the temporal organization of goal-directed action (e.g.,
Fuster, 2000; Miller and Cohen, 2001). The ACC has been proposed to
be involved in monitoring the need for control implementation to
promote behavioral adjustments in the presence of conflict (e.g.,
Botvinick et al., 2001). In addition, it has been suggested that different
divisions of the ACC are more strongly related to emotional conflict
(ventral/subgenual), and to cognitive conflict (dorsal), respectively
(Bush et al.,, 2000). Insular activation can be assumed to reflect
representations of (in the present context presumably negative)
emotional states (Singer et al., 2009) and norm violations (Montague
and Lohrenz, 2007), while neuronal activation in ventral (i.e., NAc)
and dorsal (i.e., NCd) striatal areas are likely to be associated with the
reward-oriented integration and transformation of these input signals
into motor outputs (see e.g., Depue and Collins, 1999; Robbins and
Everitt, 1996). It could therefore be speculated that insular repre-
sentations of negative emotional states due to norm violations would
provide a bias signal, which interferes with signals of immediate

individual financial reward if no punishment is exerted. The resulting
behavioral conflict, monitored and signaled by the ACC, would result
in DLPFC-mediated implementation of cognitive control, which would
impact on the striatal integration of the input signals in favor of the
decision to punish, given that more future reward would be
anticipated following such behavior due to learned contingencies
between norm-conform or norm-enforcing behavior and social
rewards.

Interestingly, this interpretation resembles a recent model of
instrumental punishment put forward by Seymour and colleagues
(Seymour et al., 2007), which aims at explaining also reciprocity-
based punishment. Of course, there are also notable differences (e.g.,
we could not focus on OFC regions due to technical reasons, and the
mentioned model does not include the ACC), and moreover, any
interpretation of the activation pattern observed here (including
alternative accounts, see end of this section) needs to be tested more
thoroughly in future studies, ideally also by focusing on the effective
connectivity between the mentioned regions (e.g., by means of
Granger Causality mapping, Goebel et al., 2003), an issue, which again
we could not address adequately due to technical limitations
associated with the use of a 1.5 T scanner. Nevertheless, our results
further underscore the complexity of the interplay of cognitive,
emotional, and motivational processes and their neural correlates
during social decision-making.

Interestingly, there were no interactions between punishment and
personal involvement, or punishment effectiveness, respectively, with
the exception of two subregions of the DLPFC: first, an interaction
effect between punishment and personal involvement was present in
a more superior cluster in the left DLPFC (see Fig. 4), with stronger
activation during both first person non-punishment and third party
punishment. This result could indicate that this region is involved in
cognitive control processes, which modulate the decision not to
punish defective behavior towards oneself (i.e., not to pursue
revenge-like behavior), but to punish defective behavior towards
other individuals (i.e., to behave altruistically in a psychological
sense). Second, a more inferior cluster in the right DLPFC showed
stronger activation during punishment trials with weak punishment
(see Fig. 4). This activation pattern could reflect cognitive control
processes necessary to overcome the tendency not to punish defective
behavior when punishment has only a limited impact. However,
further evidence and replication is necessary before more definite
conclusions can be drawn.

Activation differences related to punishers' perspective and punishment
effectiveness

In our second hypothesis, we expected that reward-related areas
(especially the NAc) would be more strongly activated in the first
person perspective, pointing to revenge-like behavioral motives,
while DLPFC and ACC would presumably be more strongly activated in
the third party perspective due to the assumed volitional and conflict-
laden nature of the decision to punish unfair behavior without being
directly affected by such behavior. We could not confirm the latter
part of this hypothesis—in fact, two anterior, and posterior cingulate
subregions, respectively, were more strongly activated in the first
person perspective. However, we observed that indeed, the NAc was
more strongly activated during first person punishment as compared
to third party punishment. Furthermore, we hypothesized differences
in NCd activation related to the effectiveness of punishment, with
higher activation for strong punishment as compared to weak
punishment. As expected, only in the NCd ROI, an effect of
punishment effectiveness could be observed. These patterns of
activation were generally confirmed by whole-brain analyses. These
results suggest that reward-related regions are more involved
when the punisher is directly affected (NAc) or when punishment
has a strong effect (NCd). Hence, our study supports the general
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interpretation of altruistic punishment as rewarding (De Quervain
et al., 2004), but in addition enables us to specify that this should be
even more the case for highly effective punishment in direct
interactions. While this may at first glance emphasize revenge-like
motives as driving forces of altruistic punishment, it is necessary to
point out that both the NAc and the NCd were significantly involved in
punishment per se (i.e., the contrast punishment vs. no punishment),
with no statistical interaction with personal involvement or punish-
ment effectiveness. Therefore, the activation patterns of these
reward-related regions suggest only quantitative differences in their
activation during punishment in different conditions, and hence, a
common motivational mechanism underlying the punishment of
defectors, perhaps arising from learned contingencies between norm-
abiding behavior and social rewards.

Furthermore, the shared and almost equally strong activations
observed for both conditions, first person and third party, point to the
possibility that altruistic punishment may not mainly be driven by
personal involvement, but could share common emotional or cog-
nitive components. Common emotional processes that might prompt
altruistic punishment could be anger about unfair offers or enjoyment
of revenge. Activations observed in limbic regions like the insula or
the striatum might support this assumption. From a cognitive point of
view, in both tasks the salience of losses associated with unfair offers
might be stronger than that of losses related to the own punishment
decision. Clearly, such an interpretation remains speculative, but it
would be worthwhile to test potential variations of loss aversion in a
future study.

Finally, the fact that both conditions produced activations in a
common network could alternatively be explained by a simulation
process. One could argue that observing someone else being treated
unfairly could initiate a simulation process which requires the same
network as the processing of an unfair offer itself. It has been shown
that the representation of the self and others is processed in a
common representation network (Decety and Sommerville, 2003)
and that observing someone else in pain leads to activation in the
same areas as experiencing pain (Singer et al., 2004). Interestingly
some of the regions found in this study in the context of empathy for
pain, namely the insula and the cingulate cortex, were activated in the
present study as well. Therefore, the perspective-independent
activation pattern observed in the present study could also reflect
such a representation network.

Genetic variation in dopamine function associated with
punishment-related activation

Based on the results of Dreher et al. (2009), we further
hypothesized that carriers of the COMT Met alleles showed stronger
NAc and DLPFC activation in punishment trials as compared to trials
without punishment. For the DLPFC, we could not identify such
genotypic differences in neural activation, which at first glance is
intriguing given the strong evidence for COMT genotype effects on
prefrontal activation, but may be explained by the fact that the
decision-making process in our paradigm required both cognitive and
emotional control processes, for which opposing genotypic effects
have been demonstrated (for a comprehensive overview, see Mier
et al., 2009).

However, in line with our hypothesis, we found an effect of the
COMT genotype on punishment-related neural activation in the NAc.
While we also observed genotypic effects in two clusters in anterior
cingulate and the right insula, the activation patterns of these two
clusters were rather difficult to interpret (see Fig. 5). In contrast, the
NAc showed a clear activation pattern, with carriers of at least one
COMT Met allele, which has been associated with reduced COMT
enzyme function and presumably elevated synaptic dopamine
availability (Lachman et al., 1996; Chen et al., 2004), exhibiting
higher punishment-related NAc activation. It is important to stress

that due to the comparably small sample size for molecular genetic
studies, these results have to be regarded as preliminary. In fact, given
our sample size, a nominal alpha level of 0.05, and a power of 0.80,
only strong effects could be detected. Although such strong effects
cannot be readily expected for genetic variations even at the neuronal
level, the location and direction of the observed effect in our view
underscore the validity of our finding. Furthermore, it corresponds
with recent findings from other groups. Comparable Met allele-
related activation patterns in the NAc-or more general: the ventral
striatum-have been observed in several studies examining neural
activation during reward anticipation (Dreher et al., 2009; Yacubian
et al.,, 2007), although conflicting evidence exists (Forbes et al., 2009;
Schmack et al., 2008). Interestingly, the COMT Met allele was recently
also shown to be associated with a higher ability to experience reward
in daily life (Wichers et al., 2008), further strengthening its role in
reward anticipation. Hence, COMT Met allele-related stronger activa-
tion in the ventral striatum due to elevated synaptic dopamine
availability may bias ventral striatal integration of input signals from
DLPFC, ACC, insula, and other regions based on a higher reward
anticipation associated with the decision to punish unfair behavior.
This interpretation would require, as mentioned above, that
individuals have experienced contingencies between norm-conform
or norm-enforcing behavior and social rewards, with COMT Met allele
carriers being more inclined to adapt their behavior in order to attain
such rewards. Our results could therefore be interpreted as a first
empirical support for the assumption of gene—culture co-evolution
(Fehr and Fischbacher, 2004; Gintis, 2003), with COMT Met allele
carriers being particularly susceptible to social signals of reward.
Given that the COMT Met allele appears to be the evolutionary recent
allele unique to humans (Palmatier et al., 1999), a gene-culture
coevolution-favoring the Met allele in societies where strongly
reciprocal behavior is the social norm-might explain why strongly
reciprocal behavior seems to be shown mainly by humans.

Alternative explanations

While our data provide further evidence on brain regions activated
during altruistic punishment, and thus, may aid the discussion on the
motives underlying altruistic punishment, we cannot directly address
this issue due to the lack of emotion ratings. This is a clear limitation of
the present study, as this would have informed us whether our
participants' felt anger (as we expected at least fort he first person
condition), dominance (which could have played a more important
role than anger especially in the third party condition) or rather other
emotions such as disgust towards the dictators.

Indeed, disgust may offer an alternative interpretation for part of
our findings. The observed insula activation during punishment may
point in this direction, as the insula has been implicated in processing
of disgust, just as-interestingly—the NCd (Calder et al., 2000). Another
model of insula function by Craig (2009) integrates ACC and insula
into a complementary system involved in voluntary motivation, or
agency, and interoception of bodily conditions, which together
constitute emotions. Together with evidence for direct and indirect
connections between ACC and NCd, and also between NCd and DLPFC
within parallel basal ganglia thalamocortical loops (Alexander et al.,
1986), this could lead to the speculation that it is the mere
interoceptive awareness of disgust due to the violation of social or
moral norms (see also Schnall et al.,, 2008) as represented in the
insula, which due to the close connection with the ACC gives rise to
direct as well as indirect signals (via the NCd and thalamus, which
indeed was also activated during punishment, see Fig. 2 and
Supplementary Table 1) from the ACC to DLPFC, that encompass
and/or generate voluntarily motivated sequential action. It has to be
noted that at least for the NCd, our observation of higher activation for
effective as compared to ineffective punishment just as in the de
Quervain et al. (2004) study in our view favors the interpretation that
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the NCd in our paradigm was rather involved in reward processing.
Nevertheless, the sketched alternative explanation for the punish-
ment-related activation observed here has its appeal. Again, however,
it is important that this interpretation requires measures of effective
connectivity, an issue which future studies should address.

Conclusion

Taken together, our behavioral and fMRI data show that altruistic
punishment correlates with self-reported altruistic tendencies and
involves comparable neural processes irrespective of personal involve-
ment or punishment effectiveness, supporting the assumption of its
important role for the retention of cooperation in human societies.
Highlighting the complex interplay of cognitive-affective processes
supported by DLPFC and ACC with additional interoceptive-emotional
and motivational bias signals conveyed by insula and striatum during
social decision-making, our data provide further evidence on the neural
bases of altruistic punishment and may thus aid the discussion of the
motives underlying strongly reciprocal behavior. Notably, brain regions
previously implicated in reward processing are more involved when
punishment has a strong effect (NCd) or the punisher is directly affected
(NAc), with neural activity in the latter region being associated with
genetic variation in dopamine function. These results support the notion
of altruistic punishment as a human trait that has developed via gene-
culture coevolution due to its rewarding properties, which should be
more pronounced when punishment results from violations of personal
interest or when it has a strong effect.
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