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How cooperation in societies can emerge and be maintained 
remains an evolutionary puzzle1–5. Punishment of antisocial 
group members is arguably one key mechanism capable of 

ensuring that levels of cooperation remain high in human6 as well as 
other species7,8. It has been shown that the experience of emotions 
is a likely proximate cause that sustains cooperation and motivates 
costly punishment of antisocial others in humans4,9–11. Seeing oth-
ers suffer can induce emotional states such as empathic distress12 
or concern13, of which the latter is a powerful motivator for altru-
istic helping10,12,14. Along with humans, several other animal species 
have been tested for reactions to witnessing pain in conspecifics15–24, 
providing evidence for at least some forms of empathic respond-
ing. In humans, empathic reactions can be radically undermined 
and change to feelings of pleasure when the suffering victim was 
previously antisocial or perceived as an outgroup member10,11. Such 
signals of reward are critical predictors of a subsequent absence of 
helping and desire for revenge and punishment10,11. Thus, young 
human infants display an early preference for prosocial compared 
with antisocial agents25,26 and prefer those who are antisocial to pre-
viously antisocial others27. Further, preschoolers have been shown 
to endorse the misfortune of competitors28,29, to think antisocial 
others deserving of punishment30 and to punish transgressions of 
outgroup members more than those of ingroup members31. Much 
less is known about how such mechanisms might operate in one 
of our closest living relatives, the chimpanzee (but see refs 32–35). 
Although chimpanzees seem to develop attitudes towards others 
based on previous prosocial and antisocial behaviours36–38, nothing 
is known about the phylogenetic origins of the motivation to watch 
the enactment of revenge.

We used a cross-species forced-choice behavioural paradigm to 
study whether chimpanzees and children aged 4–6 years differentially 
incur costs to continue watching the punishment of agents (human 
agents for the chimpanzees, puppets for the children) depending on 

whether these agents had been prosocial or antisocial in a directly 
experienced previous interaction with them (Studies 1 and 2). The 
prosocial or antisocial nature of the agents was operationalized by 
means of them offering valuable goods to children (their favourite 
toys) and chimpanzees (food). Whereas the prosocial agent would 
both offer and give the goods to the participant, the antisocial agent 
would offer the goods first but then withdraw them. The punishment 
procedure for all the studies entailed a punisher applying physical 
punishment by hitting each of the two agents (either prosocial or 
antisocial; Fig.  1a,b). Crucially, after a brief period of witnessing 
the punishment, this was rendered invisible to subjects (that is, it 
occurred in another part of the room for chimpanzees or was hid-
den by a puppet-theatre curtain for children). Therefore, to continue 
watching the punishment, subjects had to incur costs, which for 
chimpanzees entailed the physical effort of operating a heavy sliding 
door to get to the invisible part of the room (Fig. 1a) and for children 
entailed paying tokens or monetary units (henceforth MUs) for the 
curtain of the puppet theatre to be raised again (Fig. 1b). As indicators 
of a motivation to witness punishment, we used the amount of cost 
incurred to continue watching the punishment. We operationalized 
cost incurred as the expenditure of MUs for children and of physical 
energy and time for chimpanzees. We predicted that both chimpan-
zees (Study 1) and children (Study 2) would be more motivated to 
watch the punishment of the antisocial agent than of the prosocial 
agent. For the children, we also predicted signs of greater positive 
emotions during the initial punishment of the antisocial agent com-
pared with the prosocial agent. To measure emotional correlates, we 
scored facial expressions (for example smiles or frowns) during the 
punishment of the two agents. In chimpanzees, no predictions for 
specific positive emotions were made, given that happy or positive 
emotional signs in chimpanzees are rarely observed, except in playful  
activities in which the ape performs play panting (laughter-like) 
vocalizations on being physically touched (tickled/chased)39.
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We were also interested in whether, in line with previous work 
in humans11, there were signs of empathic distress when witnessing 
prosocial agents being punished. In children, there is a wealth of 
evidence for such basic empathic tendencies when watching others  
harm themselves40,41, as expressed by verbalizations and facial 
expressions such as frowns42. Thus, we predicted that children 
would show greater signs of empathic distress (increased frowns) 
in response to the punishment of the prosocial compared with the 
antisocial agent. Whether chimpanzees display empathic tenden-
cies in such situations is much less known. One key behavioural 
indicator of empathic distress is whether individuals have a moti-
vation to escape the distressing situation14. Chimpanzees approach 
victims of aggression, and they direct agonistic behaviour towards 
aggressors and/or affiliative behaviour towards victims20. We were 
therefore interested in whether the punishment of the prosocial 
agent would elicit escape behaviour (by operating the heavy slid-
ing door and moving into another part of the room without visual 
access to the punishment of the agent) or approach behaviour  
(by remaining in the room during the punishment). For chim-
panzees, we also used their vocalizations (defined here as a com-
pound of distress and display vocalizations; see Methods section) 
during the initial punishment as indicators of emotional arousal. 
The vocalizations were categorized according to their acoustic and 
temporal properties43 and grouped according to the call categories  
suggested by Goodall44.

We performed an additional study with chimpanzees (Study 3) to 
control for the possibility that incurring a cost to watch an antisocial 
agent being punished merely indicates that this is seen as more socially 
informative or more coherent with the flow of the preceding events. 
Study 3 was identical to that of Study 1, with the single difference that 
in Study 3 chimpanzees did not directly experience but merely wit-
nessed how the prosocial and the antisocial agents interacted with 
another chimpanzee (stooge). If chimpanzees preferentially watch the 
punishment of antisocial agents as a function of these more superficial 
aspects rather than their motivational substrate, the pattern of results 
should be the same in both studies. Based on previous studies showing  
that chimpanzees do not punish others who stole food from third  
parties38,45 but that they preferentially beg for food from those who were 
prosocial to others37,46, we predicted that chimpanzees in Study 3, unlike 
Study 1, would not care to watch or vocalize differentially when others 
(regardless of whether they were prosocial or antisocial) were being 
punished. Note that Study 3 differed from Study 1 only in terms of the 
extent to which the chimpanzee subjects were directly affected by the 
agents’ behaviour, while keeping all other aspects of the experimental  
set-up constant.

It is important to note that our dependent behavioural variable  
of opening the heavy sliding door for the chimpanzees is the same 
throughout all conditions. However, we interpret it differently 
depending on the condition (that is, to continue witnessing the pun-
ishment when it is invisible or to escape into another room when it 
is visible; see Discussion section for details).

Although we tested three age groups of children, we were agnostic  
to any age-related changes in our variables of interest. Given our a 
priori predictions, one-tailed statistics were applied for the factor  
prosociality. All other comparisons were two-tailed. Thus, for the 
chimpanzees (Studies 1 and 3), this resulted in a 2 ×  2 factorial 
design with factor prosociality (prosocial/antisocial) and visibility 
(visible/invisible) and one trial for each condition. For children 
(Study 2), this resulted in a design with one factor of prosociality 
(prosocial/antisocial) and with four trials for each condition.

results
Study 1: Chimpanzees following directly experienced pro- and 
antisocial behaviour. Chimpanzees differentially operated the 
heavy sliding door depending on whether punishment was visible 
and whether the agent had been previously prosocial towards them 
(Cochran’s Q =  8.59, degrees of freedom, d.f. =  3, P =  0.043, N =  16). 
We conducted pair-wise follow-up comparisons between the two 
invisible conditions to test our hypothesis of increased motivation to 
witness the punishment of an agent who had been previously anti-
social towards the subject. Subjects were significantly more likely to 
incur the physical costs of opening the heavy metal door in the anti-
social invisible condition (50% of the subjects) than in the proso-
cial invisible condition (18.75% of the subjects) (sign test: P = 0.032, 
N =  16, one-tailed; Fig. 2a). We conducted another pair-wise follow-
up comparison between the two visible conditions to test for the 
behavioural effects of empathic distress (that is, increased opening 
of the door to move to another room when the punishment of the 
prosocial agent was visible to the subject). Here we found no sig-
nificant difference in the number of subjects who opened the door 
during the prosocial visible condition compared with the antisocial 
visible condition (sign test: P =  0.313, N =  16, one-tailed; Fig. 2a).

To assess the presence of vocalizations associated with emotional 
arousal during the punishment of either of the agents, the testing 
event was divided into three periods: an initial baseline in which just 
the agent was present; a pre-hit period where the punisher appeared 
but had not started to punish the agent; and a first-hit period during 
which the punishment took place. We looked at these periods sepa-
rately for each of the two agents. There was a significant difference  
between the three periods in the duration of the vocalizations in 
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Fig. 1 | experimental design for chimpanzees and children. Subjects (S) watch the punishment of an agent (A), who was previously either prosocial or 
antisocial, by a punisher (P). a, For the chimpanzees in the visible conditions, the punishment took place outside the cage of the chimpanzee. For the 
invisible conditions, the punishment moved to a part of the room out of sight from the chimpanzee. b, For the children, the punishment was visible until a 
curtain fell, and children were asked to put their MUs into the box on the right to continue watching the punishment.
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the presence of the prosocial agent (Friedman exact test: F =  9.82, 
P =  0.004, N =  16; Fig. 2c), but we found no such difference in the 
presence of the antisocial agent (F =  4.67, P =  0.107, N =  16; Fig. 2c). 
Comparing the vocalizations in response to the presence and pun-
ishment of the prosocial and the antisocial agents showed that 
chimpanzees produced longer vocalizations in the baseline period 
when facing the antisocial agent compared with the prosocial one 
(Wilcoxon exact test: T+  =  21, P =  0.031, Ntotal =  16; corrected for the 
duration of each period in the punishment phase: that is, baseline, 
pre-hit, hit periods) and longer vocalizations when the prosocial 
agent was being punished than when the antisocial agent was being 
punished in the hit period (Wilcoxon exact test: T+ =  21, P =  0.031, 
Ntotal =  16; Fig. 2c).

To assess whether the prosocial/antisocial exposure procedure 
had been effective, we assessed the subjects’ preference for the 
prosocial and antisocial agent upon completion of the tasks (see 
Methods section). This was tested by allowing the chimpanzees to 
beg for food from the two agents. Chimpanzees showed no prefer-
ence for requesting food from the prosocial over the antisocial agent 
(Wilcoxon signed rank test: T+ =  89, N =  17, P =  0.579).

Finally, we also assessed relationships between the chimpan-
zees’ vocalizations and their behaviour. We found that chim-
panzees who produced vocalizations during the punishment of 
the prosocial agent were more likely to open the door to con-
tinue witnessing punishment of the antisocial agent than those 
who did not produce any vocalizations (57% versus 12.5%; 
chi-squared test: χ2 =  5.402, P =  0.041). This suggests that those 
chimpanzees who signal distress in response to a prosocial 
agent’s punishment are also more motivated to observe deserved 
punishment being enacted.

Study 2: Children. To test for the hypothesis that children would 
show an increased motivation to observe the punishment of a pre-
viously antisocial agent, we compared the number of MUs spent 
on continuing to watch the punishment of the prosocial and the 
antisocial agents. The data were normally distributed and met 
assumptions for parametric tests. A repeated measures ANOVA 
with agent as a within-subject and age-group as a between-subject 
factor indicated a significant interaction between the factors agent 
and age-group in how MUs were allocated to watch the punishment 
(F(2,62) =  3.417; P =  0.039, Fig. 2b). Thus, only 6-year-olds allocated 
more MUs to watch the punishment of the antisocial compared with 
the prosocial agent (F(1,20) =  12.246; P =  0.002; for 4-year-olds and 
5-year-olds P > 0.2; Fig. 2b). Although there was a linear increase in 
comprehension of the task with age (F(2,62) = 5.26; P =  0.007), this did 
not correlate with MUs allocated for watching punishment of either 
the prosocial or the antisocial agent (all values of r <  0.2; P > 0.1).

Coding of facial expressions while watching the initial round 
of punishment showed significant age-differences in number of 
smiles co-occurring with frowns depending on which agent was 
being punished (F(1,62) =  2.294; P =  0.03, one-tailed; Fig. 2d). Thus, 
only 6-year-olds showed an increased mixture of positive and nega-
tive emotions (facial expressions) while watching the punishment 
of the antisocial compared with the prosocial agent (F(1,20) =  3.155; 
P =  0.045, one-tailed; Fig. 2d). We assessed the number of frowns 
during the initial round of punishment as an indication of empathic 
distress in the children at seeing the punishment of the agents. 
Whereas children frowned for both the prosocial (one-sample 
t-test: t(64) =  2.408; P =  0.019) and the antisocial agent (one-sample 
t-test: t(64) =  2.644; P =  0.010), this did not differ between the two 
agents. Frowning during the punishment did not interact further 
with age (P >  0.4).

To test the children for a preference for either of the two agents, 
children were asked explicitly on completion of the task which of 
the two agents they (1) considered nicer, (2) would be more willing 
to share with and (iii) would prefer to play with (see Methods and 
Supplementary Information). Children of all three age groups dis-
played a clear preference for the prosocial over the antisocial agent 
(paired t-test: t(64) =  4.279; P <  0.001) with no age differences in this 
preference (one-way ANOVA; P >  0.607).

Study 3: Chimpanzees following indirectly experienced pro- 
and antisocial behaviour. This study was conducted to rule out 
potential alternative explanations for the outcome of Study 1, 
including an increased social informational value in seeing anti-
social others receive punishment or finding it more coherent in 
terms of the unfolding of events. Unlike Study 1, we found no evi-
dence that chimpanzees differentially opened the heavy sliding 
door in the four conditions (Cochran’s Q =  3, d.f. = 3, P =  0.484, 
N =  14; Fig. 3a).
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Fig. 2 | Behavioural data and emotional indicators for chimpanzees 
(Study 1; N = 17) and children (Study 2; N = 65). a, More chimpanzees 
opened the heavy sliding door to continue watching the punishment in the 
invisible antisocial condition than in the invisible prosocial condition. Not 
all the chimpanzees opened the door. ‘Leave’ indicates that the punisher 
and punished agent left to move to an invisible part of the room. ‘Stay’ 
indicates that punisher and punished agents remained visible. b, All 
children paid to continue watching some of the punishment, but only six-
year-old children paid more to watch the antisocial agent being punished 
compared with the prosocial agent. c, Chimpanzees expressed greater 
distress vocalizations when watching the punishment of the prosocial 
human agent. d, Only six-year-old children displayed more frequent smiles 
coupled with frowns during the punishment of the antisocial compared 
with the prosocial agent. The error bars show s.e.m. The asterisk indicates 
significant differences (P <  0.05).
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We also analysed the presence of vocalizations associated with 
emotional arousal during the punishment of each of the agents 
during the baseline, pre-hit and first-hit periods. There was no sig-
nificant difference between the three periods in the duration of the 
vocalizations in the presence of the prosocial and antisocial agents 
(prosocial, Friedman exact test: F =  0.125, P =  1.00, N =  14; antiso-
cial, F =  3.26, P =  0.218, N =  14; Fig. 3b).

We used a   paradigm previously shown to capture preferences 
of pro-over antisocial agents in chimpanzees37 to test for this in 
the present study. We found that chimpanzees begged significantly 
more often from the prosocial than the antisocial agent (frequency 
of begs corrected for the amount of time spent in front of the cor-
respondent agent, Wilcoxon signed rank test: T+  =  82, Ntotal =  14, 
P =  0.008).

Discussion
Our findings demonstrate that chimpanzees and 6-year-old chil-
dren, but not 4-year-old and 5-year old children, possess greater 
motivation to watch the punishment of others whom they had pre-
viously experienced as antisocial towards themselves as compared 
with prosocial agents. Thus, chimpanzees endured greater physi-
cal efforts, and 6-year-old children spent more MUs, to continue 
watching the punishment of an agent who had previously withheld 
something valuable from the subjects than to watch the punishment 
of someone who had been prosocial and shared the valuable items. 
In contrast, chimpanzees spent the same effort to continue watch-
ing the punishment of a human agent regardless of the agents’ social 
behaviour towards other chimpanzees.

We observed concomitant indicators of affective responses in the 
children. Six-year-old children showed a greater mixture of positive 
and negative emotions in response to watching the punishment of 
the antisocial agent than they did for the prosocial one. The com-
bination of these emotions, rejoicing in the misfortune of a disliked 
other, is also known as Schadenfreude47. These data suggest that in 
children, pleasure at seeing deserved punishment may be linked to 
the increased costs incurred to continue watching it. Recent stud-
ies have shown that differential punishment of selfish behaviours 
of in-group and out-group members already occurs from 6 years 
onwards48 and that around 6 years, children are capable of experienc-
ing such potentially conflicting emotions49. Thus, 6 years of age may 
be a critical developmental time point at which children are will-
ing to sacrifice their resources to see fairness enacted50. Importantly, 
even though there were some age differences in the comprehension 
of the experimental procedure, comprehension scores did not cor-
relate with our behavioural measure, suggesting that differences 
in comprehension cannot account for the age-related effect in the 
MUs expended. Further, our MUs were made meaningful to chil-
dren through a subsequent exchange for stickers, which have been 
shown to be valuable items for the youngest as well as the oldest 
children of our age groups51–54.

Previous studies have shown that chimpanzees engage in pun-
ishment of conspecifics who had previously stolen their food by 
causing the thief ’s food to disappear38,45. Study 1 demonstrates 
that also in the absence of food, chimpanzees are motivated to 
watch antisocial agents being punished after directly experiencing  
the antisocial behaviour themselves. One could argue that the 
chimpanzees’ reaction could be driven by emotional engagement. 
However, chimpanzees were more aroused when they watched 
the punishment of the prosocial agent. Following indirectly expe-
rienced prosocial and antisocial behaviour, chimpanzees were 
equally motivated to watch punishment of the prosocial and the 
antisocial agents. This is consistent with findings showing that 
chimpanzees do not punish those who stole food from third  
parties45. The results from Study 3, in which chimpanzees merely 
observed the prosocial and antisocial interaction prior to the agents’ 
punishment, help us to interpret the results from Study 1. In both 

studies, all basic elements were kept constant except for the degree 
of the chimpanzee’s involvement. Thus, alternative explanations 
such as increased social informational value or a greater coherence 
in the unfolding of the scene can be ruled out. Instead, the most 
likely interpretation is that chimpanzees have an increased moti-
vation to observe such punishment because it follows a desirable 
action towards someone who behaved antisocially towards them. 
The literature contains many examples of animals willing to incur 
energy costs for something they find rewarding55–57. It is therefore 
tempting to argue that watching antisocial others being harmed is 
rewarding and pleasurable to chimpanzees. Also suggestive of an 
emotional antecedent to such behaviour is the finding that chim-
panzees who had vocalized distress during the punishment of the 
prosocial agent were also more likely to incur a cost to continue 
witnessing the deserved punishment of an antisocial other. Thus, 
when punishment is deserved, the experience of distress is abol-
ished, leading chimpanzees to actively seek to observe such pun-
ishment. However, in the absence of direct evidence, we remain 
cautious about positing the presence of actual positive emotions as 
a driver for the observed behaviour.

In addition to signs of Schadenfreude in children, we found evi-
dence of empathic distress across all three age groups. However, this 
was not modulated by whether the agent had been previously pro-
social or antisocial towards them. Even though children as young as 
3 years old have been shown to differentiate their empathic helping 
between previously prosocial and antisocial others58,59, and all age 
groups showed a preference for the prosocial agent, no difference in 
empathic responding could be found. Chimpanzees produced lon-
ger vocalizations indicative of emotional arousal during the punish-
ment of the prosocial agent that had directly interacted with them, 
but no differential vocalizations occurred when they witnessed the 
agent being punished following the indirectly experienced prosocial 
and antisocial behaviour. Even though in chimpanzees it is difficult 
to label the valence of such vocalizations as they can reflect conflict-
ing emotions44, the specificity of their occurrence (longer vocaliza-
tions during the hitting of the prosocial agent compared with the 
antisocial agent) suggests that they might reflect something akin to 
empathic distress. However, chimpanzees did not signal distress by 
attempting to escape witnessing the punishment of the prosocial 
agent, nor did they try to approach and console the victim of the 
aggression as suggested by observational studies20. These conflict-
ing results (distress vocalizations versus non-escape/non-approach 
behaviour) make it difficult to pinpoint the underlying motivation 
of the chimpanzees’ behaviours upon witnessing the punishment of 
the prosocial agent.

There are some limitations to the present studies. One is the fact 
that interactions were observed between individuals that were not 
of the same species as the subject. However, this concern is reduced 
given that both chimpanzees and 6-year-olds responded differen-
tially to the two agents. Although such cross-species set-ups are 
common in the study of social behaviour of both human and non-
human primates60–62, future work will need to assess how far these 
findings extend to interactions with one’s own species. Furthermore, 
the different dependent variables for the chimpanzees and the chil-
dren (physical energy versus MUs) make direct interspecies com-
parisons difficult. Although using different dependent variables 
has the advantage of optimizing procedures for each species, thus 
avoiding potential biases favouring one of the species, future work 
may seek to expand the findings using the same dependent variables 
for greater comparability. Finally, we were unable to counterbalance 
the administration of the direct and indirect exposures to the pro-
social and antisocial in chimpanzees. Our results, however, were 
consistent with the existing literature on the occurrence of punish-
ment following directly and indirectly experienced transgressions 
in chimpanzees, which ameliorates to some extent the concerns 
derived from our current design.
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We studied the evolutionary and ontogenetic origins of an 
increased motivation to watch the punishment of antisocial others. 
By incurring costs, chimpanzees and 6-year-old children showed 
greater motivation to continue watching the punishment of an anti-
social over a prosocial agent. Furthermore, children displayed dif-
ferential responses of mixed positive and negative emotions when 
they witnessed punishment of antisocial agents, which suggest that 
they might take some form of pleasure from this. Although such 
a mechanism is still uncertain in chimpanzees, vocalizations of 
emotional arousal produced when they witnessed the suffering of 
a prosocial agent, and their absence when witnessing the suffering 
of an antisocial agent, might indicate that affective responses such 
as pleasure constitute an important motivational contributor to 
the exaction of revenge, with early evolutionary origins. Crucially, 
chimpanzees did not vocalize differentially nor incur differential 
costs to witness the punishment when seeing the two agents pun-
ished following indirectly experienced prosocial and antisocial 
behaviour. These findings provide evidence for the evolutionary 
origins of an increased motivation to watch punishment of antiso-
cial behaviour with—at least in children—possible links to feelings 
of pleasure underlying such a motivation. Such a motivation seems 
to develop at a protracted rate, similar to higher-level cognitive 
skills63, and might emerge at an age at which children begin to care 
so much for justice that they are willing to pay for it.

Methods
Ethics statement. The studies reported in this manuscript were approved by the 
local ethics committee of the University of Leipzig and complied with all relevant 
regulations. Thus, the ethics committee of the University of Leipzig approved the 
study (Ethics Approval Number: 367-11-26092011). Caregivers provided a written 
consent form to use the acquired data. Additionally, the chimpanzee work was 
approved by the MPI-EVA—Zoo Leipzig ethical committee.

Participants. Studies 1 and 3. In Study 1, we tested 17 chimpanzees  
(Pan troglodytes). There were 5 males ranging in age between 8 and 38 years 
(M =  16 years and 8 months) and 12 females ranging in age between 8 and 37 years 
(M =  22 years and 5 months). In Study 3, we tested 14 chimpanzees. There were  
5 males ranging in age between 8 and 38 years (M =  15 years and 10 months) and 
9 females ranging in age between 12 and 42 years (M =  27 years and 3 months). 
All chimpanzees were housed at the Wolfgang Koehler Primate Research Center, 
Leipzig Zoo, Germany. Eleven of them participated in both studies, whereas the 
rest could not do so because they were unavailable (see Supplementary Table 1  
for rearing history and participation in each study). All indoor and outdoor 
enclosures were furnished with vegetation, climbing structures and visual  
barriers. Subjects were not deprived of food or water during the experiment.

Study 2. We tested 72 children. There were three age groups: 24 4-year-olds 
(M =  4.15, age range 4.04–4.35 years), 24 5-year-olds (M =  5.04, age range  
4.97–5.4 years), and 24 6-year-olds (M =  6.17, age range 5.98–6.33 years).  
In each group, there were equal numbers of boys and girls. Seven children had  
to be removed from the analyses because of procedural error or fussiness.  
All remaining subjects received all conditions. All children were recruited from 
a subject database at the Max Planck Institute for Human Cognitive and Brain 
Sciences in Leipzig, Germany.

Experimental procedures. Studies 1 and 3. These two studies consisted of four 
phases: ‘Training’, ‘Exposure’, ‘Preference’ and ‘Punishment’ (actual test). Before 
entering the Punishment phase, chimpanzees received a sequence of training 
stages (see ‘Training phase’ in Supplementary Information) to ensure that they 
understood how to open the heavy mesh sliding door that would allow them access 
to the adjacent room. After the training, all subjects were exposed directly (Study 1)  
or indirectly (Study 3, by witnessing an interaction between a human agent and 
a conspecific ‘stooge’ chimpanzee) to two different human agents, one at a time. 
The agents acted either prosocially towards the subject/stooge (Study 1/Study 3), 
by providing food, or antisocially, by teasing and not allowing the subject/stooge 
to get access to the food (see ‘Exposure phase’ in Supplementary Information). 
Whether the agent was prosocial or antisocial was counterbalanced across subjects. 
To reduce carry-over effects between studies, different agents participated in Study 
3 (except for the punisher), which was conducted a few months after Study 1. To 
test the efficacy of the ‘Exposure phase’, a ‘Preference phase’ was designed to test 
for preferential begging from the two agents (see Supplementary Information for 
more details). In the ‘Punishment phase’ (see Supplementary Information), either 
the prosocial or the antisocial agent entered the testing room and sat in front of the 
Plexiglas window in the subjects’ room. After 5 seconds of being seated in front of 

the Plexiglas window (henceforth referred to as baseline period), a second agent, 
the punisher, entered the room. The punisher approached the agent from behind 
with a human facial expression of rage (henceforth referred to as pre-hit period) 
and started beating her up (henceforth referred to as hit period) with a stick for 
4 seconds (four hits with the stick, rate 1 Hz). While being beaten up, the agent 
cried out in pain. After the initial punishment period (4 seconds) the agent either 
remained in her initial position for the whole time of the punishment visible to the 
subject (10 more seconds, Fig. 1a), the so-called ‘visible’ condition; or left her initial 
position (area A, see Fig. 1a) and went into another area of the room invisible to 
the chimpanzee (area B, see Fig. 1a) where the punishment continued for 10 more 
seconds, so-called ‘invisible’ condition. If subjects wanted to continue watching 
the punishment in the invisible condition, they had to open the heavy sliding door 
(learned during the Training phase) and move in front of the Plexiglas window 
in the new room. Similarly, if they wanted to escape from the punishment in the 
visible condition happening in front of them, they had to operate the door to move 
to another part of the room where this would then be invisible (Fig. 1a).

All sessions were videotaped, and the following variables were coded 
from digital files: (1) opening of the heavy sliding door; (2) duration of the 
vocalizations associated with emotional arousal, namely screams, whimpers and 
worried hoots classified as distress vocalizations43, and (waa) barks and (pant) 
hoots classified as display vocalizations43. As previously mentioned, vocalizations 
were categorized according to their acoustic structure and temporal measures and 
grouped according to the call categories suggested in ref. 44. Distress and display 
vocalizations were lumped together and the combined results used for statistical 
analysis. The duration of the calls was analysed with the sound analysis software 
Avisoft and Praat.

To assess inter-observer reliability, a second observer coded a random sample 
of 20% of the trials. Inter-observer reliability was high for opening the sliding door 
(Study 1: Pearson correlation r =  1.000, P <  0.001; Study 3: r =  1.000, P <  0.001), for 
duration of the vocalizations (Study 1, distress calls: r =  1.000, P <  0.001; display 
calls: r =  0.900, P <  0.001; Study 3, distress calls: r =  1.000, P <  0.001; display calls: 
r =  1.000, P <  0.001), and for frequency of begs corrected for the amount of time 
spent in front of the corresponding human agent (Study 1: r =  0.999, P =  0.028; 
Study 3: r =  0.997, P =  0.048).

Study 2. Children came into the laboratory accompanied by at least one 
parent. Parents had been instructed before on the phone to bring six of their 
child’s favourite toys, without the child noticing. These were then taken by the 
experimenter and used in the two Exposure phases. Children were given an initial 
endowment of four MUs. It was made clear that at the end of the experiment each 
of the MUs could be traded for one sticker.

This study consisted of four phases: ‘Training’, ‘Exposure’ and ‘Punishment’ 
(actual test) and 'Preference'. In the Training phase, the experimental procedure 
was demonstrated using a miniature-sized puppet theatre. Following the Training 
phase, each child was exposed consecutively to two different puppets, a prosocial 
and an antisocial puppet (see ‘Exposure phase’ in Supplementary Information). 
Exposure entailed one of two puppets either acting prosocially by returning three 
of the child’s favourite toys, or antisocially, by keeping them for itself. The puppets 
would bring up a toy from behind the theatre and hold it up to the child. After 
telling the child that it wanted to play with them, the prosocial puppet would hold 
the toy towards the child and put it into the child’s hands, whereas the antisocial 
puppet would withdraw as soon as the child reached for the toy. Similar procedures 
have been shown to elicit clear preferences in infants64. Which puppet was 
prosocial or antisocial was counterbalanced across subjects. Exposure and testing 
was performed for both puppets and fully counterbalanced across all subjects.

During the Punishment phase, the puppet to which children had just been 
exposed remained on stage. After 5 seconds, another (punisher) puppet appeared 
(different from the two agents), carrying a long stick. The punisher started beating 
the other (prosocial/antisocial) puppet with the stick for 5 seconds (five hits, rate 
1 Hz). After the initial punishment period (5 seconds), the theatre curtain closed, 
rendering both the punisher and the punished puppet invisible. The punisher puppet 
then returned and said to the child that they were going to continue hitting the other 
puppet and that if the child would like to continue watching, then he or she should 
put one MU into a box to the right of the stage, whereas if the child did not want 
to continue watching, he or she should put a MU into a box to the left of the stage. 
Depending on where the children placed their MU, the curtains were drawn again or 
not, and children could continue observing the punishment or not. If they chose not 
to witness the punishment, the punishment was still executed behind closed curtains. 
If children decided not to continue watching on the first round, then the punisher 
puppet did not ask again whether the child cared for another round of witnessing 
punishment. However, if children decided to continue watching, the punisher asked 
again after 5 seconds of punishment if they would like to continue watching. Given 
that children had received four MUs, the maximum number of paid punishments 
was four. Thus, all subjects received exposure to the first round of punishment and 
the first question of whether they would like to continue watching. Depending 
on whether children paid for punishment, they were asked again until they either 
decided to stop watching or until they had no more MUs. The final round was the 
pursuit and punishment behind the curtain; thus the child continued to hear the 
puppet crying for 10 seconds longer but without visual access to the punishment.
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All sessions were videotaped, and the following variables were coded from 
digital files during the exposure phase as well as the punishment phase:  
(1) behaviours and verbalizations; (2) pure smiles, pure frowns and, given the 
potential ambivalence of seeing someone antisocial experience punishment, 
smiles occurring jointly with frowns. Two observers coded all the videos using the 
Interact software.

To assess inter-observer reliability, ratings were correlated. Inter-observer 
reliability was high for answering the questions of the punisher (r =  0.99, 
P <  0.0001) as well as for occurrence of smiles, frowns and smiles with frowns 
during the exposure as well as the punishment phase (all r >  0.504, all P <  0.0001).

At the end of the entire Punishment phase, the experimenter showed the two 
agents to the child and asked which puppet the child would rather play with, would 
rather give a sticker to, and thought was nicer. From this, a composite score of 
preference was obtained (see Supplementary Information).

All data were analysed in SPSS 23 (SPSS Statistics Software, IBM). No attempts 
to replicate the findings reported in this paper have been made.

Life Sciences Reporting Summary. Further information on experimental design is 
available in the Life Sciences Reporting Summary.

Data availability. The data that support the findings of this study are available 
from the corresponding author on reasonable request.
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