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People prefer coordinated punishment in
cooperative interactions
Lucas Molleman 1,2,3*, Felix Kölle 2,4*, Chris Starmer 2 and Simon Gächter 2,5,6
Human groups can often maintain high levels of cooperation
despite the threat of exploitation by individuals who reap the
benefits of cooperation without contributing to its costs1–4.
Prominent theoretical models suggest that cooperation is particularly likely to thrive if people join forces to curb free riding and punish their non-contributing peers in a coordinated
fashion5. However, it is unclear whether and, if so, how people
actually condition their punishment of peers on punishment
behaviour by others. Here we provide direct evidence that
many people prefer coordinated punishment. With two largescale decision-making experiments (total n=4,320), we create minimal and controlled conditions to examine preferences
for conditional punishment and cleanly identify how the punishment decisions of individuals are impacted by the punishment behaviour by others. We find that the most frequent
preference is to punish a peer only if another (third) individual
does so as well. Coordinated punishment is particularly common among participants who shy away from initiating punishment. With an additional experiment we further show that
preferences for conditional punishment are unrelated to wellstudied preferences for conditional cooperation. Our results
highlight the importance of conditional preferences in both
positive and negative reciprocity, and they provide strong
empirical support for theories that explain cooperation based
on coordinated punishment.
The ecological success of humans has often been attributed to
our propensity for cooperation2,4. Many people are willing to go
out of their way to help others, allowing human groups to deal
with environmental challenges and to do things no individual can
achieve on their own. But, as natural as it might seem, cooperation
looks puzzling from the viewpoint of rational self-interest: why
would one cooperate if others can reap the benefits of cooperation
without paying the costs? This supposed ‘free-rider problem’ affects
countless real-world situations, ranging from day-to-day work in
teams and paying taxes to curbing overfishing and reducing carbon
dioxide emissions. Moreover, a vast range of theoretical models and
empirical studies from across the biological and social sciences have
documented that, when studied in isolation, individually costly
cooperation tends to break down through processes of natural
selection or (social) learning, which often favour free riding6–14.
Peer punishment15–18 is one of the key mechanisms proposed to
explain why cooperation can thrive despite free-rider incentives.
When individuals sanction their uncooperative interaction partners, relative gains from free riding can be offset19–21. Influential
theoretical arguments suggest that punishment can be particularly effective in promoting cooperation when individuals punish

non-cooperators in a coordinated fashion5. In this paper we use largescale decision-making experiments to provide systematic empirical
evidence for coordinated punishment in a social dilemma situation.
Peer punishment has been extensively studied in a wide range of
different experimental settings, both in decision-making laboratories and in the field, as well as across different interaction settings
and across cultures20,21,14,22–29. By and large, these studies indicate that
many people are inclined to punish free-riding interaction partners
(often motivated by negative emotions such as anger), supporting
the idea that such peer punishment can lead to a welfare-enhancing
stabilization of cooperation at high levels.
While in experimental settings punishment has great potential
to support cooperation, evolutionary models suggest that punishment can only emerge under very limited circumstances30–32. The
reason is that punishment often entails costs for those who mete
it out. This can create a ‘second-order’ free-rider problem: while
only some individuals incur the costs of punishing, all members of
a group may benefit from enhanced cooperation after non-cooperators are punished. Hence, from an individual perspective it can
pay to refrain from punishment24,33–35. Over time, this may result in
a decline of punishment in a population of self-interested agents,
compromising its potential to support cooperation.
Theoretical and experimental studies have explored various
mechanisms that may address the second-order free-rider problem,
such as reputational benefits for punishers36–39, the punishment of
those who fail to punish40–43, commitment of resources to prepare
joint sanctioning of free riders before cooperative interactions
take place35,44,45 or the establishment of specialized authorities that
monitor behaviour and punish free riders46–48. In these studies, individuals’ decisions to punish are typically considered in frameworks
allowing only independent and uncoordinated actions. In real life,
however, punishment does not typically take place in a social vacuum. Like cooperation, punishment can often be made dependent
on the behaviour of others40,49–51, and empirical evidence from the
field suggests that such coordinated punishment may be common in
human groups15,17,52–54. Moreover, an influential evolutionary model
indicates that punishment is likely to emerge when individuals can
coordinate their punishment5. This model suggests that the secondorder free-rider problem can be largely avoided when individuals
make their punishment conditional on the punishment decisions of
others. ‘Ganging up’ against free riders likely decreases the costs for
individual punishers (for example, through reduced risks for retaliation), and may increase the impact and effectiveness of punishment as individuals join forces in meting it out2,5,17.
Despite these promising theoretical results, there is only scarce
empirical support for the claim that individuals have a preference for
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Fig. 1 | Experimental sequence. a, Participants are assigned to a group of three (grey circles) and make a binary decision in a PGG (grey arrows). b, Roles
are randomly allocated among group members: two Punishers (P1 and P2; blue circles) and one Target (T; orange circle). T’s PGG decision is revealed to
P1 and P2 but no information about the other Punisher’s PGG decision is provided. Punishers are informed about the steps comprising the punishment
procedure. c, P1 and P2 each make an unconditional binary decision whether or not to punish T (blue hatched bolts). d,e, P1 and P2 make conditional
binary punishment decisions; shown is the situation from the perspective of P2. First, they decide whether they would punish in case the other P player
chose to not punish (d; empty bolt) in step c or to punish (e; solid bolt) in step c. Once all decisions have been made, P1 or P2 is randomly selected and
their unconditional punishment decision (step c) is implemented, along with the corresponding conditional decision of the other P player (step d or e). For
experimental instructions, see Supplementary Methods.

coordinated punishment. While field evidence15,17,52–54 is consistent
with the idea of coordinated punishment, it is not conclusive about
whether people prefer coordinated punishment over independent
punishment. Experimental evidence is needed to establish the existence of preferences for coordinated punishment. Hitherto, experimental studies of conditional punishment are rare, and mainly focus
on how punishment is impacted by the distribution of cooperative
behaviour (not the punishment behaviour) in the population, or
analyse how aggregate levels of cooperation are affected when free
riders can only be punished if multiple peers agree to do so19,55–62.
Here, we investigate whether people prefer to coordinate their punishment in the context of an experiment in which individuals can
explicitly condition their punishment on the punishment decisions
of others. That is, we ask whether, analogously to conditional preferences observed in pro-social contexts such as cooperation (positive
reciprocity), such conditionality is also characteristic of preferences
to punish others (negative reciprocity), and if so, whether preferences for positive and negative reciprocity are correlated.
Our results reveal that people do indeed tend to coordinate punishment with their peers. Among participants who are willing to
punish in at least one instance, the most frequent preference is to
use coordinated punishment: punishing only if others do so as well.
Alternative punishment preferences (punishing irrespective of what
others do and punishment only if others do not) are observed much
less frequently. Coordinated punishment particularly predominates among participants who refrain from initiating punishment.
Furthermore, we confirm all these main results with a large-scale
replication study. An analysis of participants’ self-reported motivations suggests that anger is an important driver of punishment and
that coordinated punishment is associated with equality concerns
towards the other punisher.
In a follow-up experiment, we demonstrate that preferences for
conditional punishment are unrelated to preferences for conditional
cooperation. That is, while at the aggregate level we observe that
individuals are more likely to cooperate and punish if their peers do
so too, at the individual level there is no correlation between preferences for cooperation and punishment.
We conduct a decision-making experiment with n = 2,004 participants. After reading instructions and passing comprehension
checks, participants are allocated to groups of three. In their group,
they play a one-shot game consisting of two stages. The first stage
is a binary linear public goods game (PGG) in which all individuals
simultaneously choose to either ‘defect’ or to ‘cooperate’. From the
perspective of an individual participant, defecting yields a personal
1146

benefit of 5 monetary units (MU) and 0 MU for the other two group
members. Cooperating yields 2 MU for all three group members.
This setup creates a social dilemma: while average payoffs in a
group are maximized when all members cooperate, individuals can
maximize their own monetary benefits by defecting (that is, free
riding), making defection a dominant strategy leading to a socially
inefficient outcome.
At the start of the second stage, two of the three group members
are randomly allocated the roles of Punishers, and the remaining
one is allocated the role of Target who can be punished but cannot
punish the Punishers. The PGG decision of the Target is revealed,
and then Punishers make binary choices whether or not to punish
(that is, assign deduction points to) the Target. Assigning deduction
points incurs a cost of 1 MU to the Punisher and 3 MU to the Target.
The impact of punishment is additive: when a Target is punished by
one group member they lose 3 MU and when they are punished by
both of their group mates they lose 6 MU. Punishers cannot assign
deduction points to one another, and neither can they observe each
other’s PGG decision when making their deduction point decision
(mitigating possible effects of inequality between Punishers stemming from the contribution stage).
We examine whether people prefer to coordinate their punishment by having Punishers make two types of punishment decisions.
First, they make an ‘unconditional’ punishment decision, deciding
whether they want to punish the Target or not, irrespective of the
decision of the other Punisher. Subsequently, they make two ‘conditional’ punishment decisions, in which they can condition their
punishment on that of the other Punisher. To do this, we use the
strategy method63: Punishers indicate whether or not they want to
punish the Target in case the other Punisher chooses (1) to punish
or (2) to not punish the Target. Our analysis mainly focuses on these
two decisions made by the n = 1,336 Punishers in our experiment.
Figure 1 summarizes the decision situations.
Once both Punishers have entered both types of decisions, one
Punisher is randomly chosen and their unconditional punishment
decision is implemented to initiate the punishment procedure.
Subsequently, the corresponding conditional punishment decision
of the other Punisher is implemented (Methods). This setup yields
an incentive-compatible decision situation in a minimal social context that allows us to cleanly measure how people condition their
punishment on the punishment decisions of others. Importantly,
the strategy method yields a full punishment profile for each individual that is independent of their beliefs about other people’s punishment decision. Because of the one-shot nature of the game, there
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Table 1 | Behavioural determinants of conditional punishment
Dependent variable

Punish (1 if yes, 0 otherwise)
Model (1)

Model (2)

Other punishes (1 if other
Punisher punished, 0
otherwise)

0.734 (<0.001)
[0.447 to 1.022]

0.380 (<0.001)
[0.155 to 0.605]

Unconditional punishment (1
if yes, 0 otherwise)

3.074 (<0.001)
[2.666 to 3.481]

Unconditional punishment ×
Other punishes

−0.814 (0.001)
[−1.306 to −0.322]

Target cooperated (1 if Target
cooperated, 0 otherwise)

−0.831 (<0.001)
[−1.120 to −0.463]

Target cooperated × Other
punishes

0.039 (0.854)
[−0.373 to 0.450]

Constant

−2.862 (<0.001)
[−3.114 to −2.610]

−1.750 (<0.001)
[−1.960 to −1.541]

Number of observations

2,672

2,672

Number of participants

1,336

1,336

Coefficients from logistic generalized linear mixed models fitted to Punishers’ decisions whether
or not to punish the Target (1 if yes, 0 if no). ‘Other punishes’ is a dummy variable with value 1
in case the other Punisher punishes and 0 otherwise. ‘Unconditional punishment decision’ is a
dummy variable indicating whether a participant punished unconditionally (= 1) or not (= 0).
‘Unconditional punishment × Other punishes’ is an interaction term between the two variables.
‘Target cooperated’ is a dummy variable with value 1 if the Target cooperated and 0 if they defected.
‘Target cooperated’ × Other punishes’ is an interaction term between this variable and others’
punishment decision to test whether coordinated punishment varies with the Target’s cooperation
decision. Additional regressions, including controls for gender and age, revealed that neither of
these demographic items have a significant effect. Including gender and age did not significantly
change any of the effects reported above. We cluster standard errors at the individual level,
correcting for repeated observations93. The 95% confidence intervals are in brackets and P values
are in parentheses.

are also no strategic incentives for punishment. Further, note that
because punishment is costly and the game is played only once, if
players are only interested in maximizing their own material payoff, no one is predicted to punish. As a result, full defection with
no-punishment is the only Nash equilibrium of the game.
In a postexperimental questionnaire we asked Punishers to selfreport their experienced levels of anger when they learned about the
Target’s PGG decision (Methods). Negative emotions such as anger
are commonly identified as key drivers of punishment21,27,64–67. With
this questionnaire item we test whether anger is not only correlated
with individual punishment decisions but also with preferences for
conditional punishment.
The cooperation rate in the PGG stage of the game was 48%.
Among the 1,336 Punishers, the overall unconditional punishment
rate was 11.4%. Unconditional punishment varied considerably
with the cooperation decisions of Punishers and their Target. In
particular, unconditional punishment rates were highest when the
Punisher cooperated and the Target defected (24.0%), and lowest
when both the Punisher and Target cooperated (5.5%). When the
Target cooperated and the Punisher defected, punishment was also
low (5.7%), while if both players defected punishment was intermediate occurring in 9.9% of the cases.
On aggregate, people were much more likely to punish their
peers when the other punisher did so as well. A decision of the other
Punisher to punish the Target increased overall punishment rates by
40% (from 11.1% when others did not punish, to 15.5% when they
did; McNemar test: χ2(1) = 16.66, P < 0.001). We interpret this as
evidence that people tend to prefer to coordinate their punishment.
To test the robustness of this result, we fitted a logistic generalized linear model to conditional punishment decisions, confirming that this increase is statistically significant (Table 1, Model 1,
P < 0.001). This model further shows that participants who punished

unconditionally displayed much higher levels of punishment in the
conditional stage (‘Unconditional punishment’; P < 0.001). It also
reveals that the relative influence of the other Punisher’s punishment differs strongly between those who did and those who did not
punish unconditionally. For those who did not punish unconditionally (the baseline case in Model 1), we observe a strong and positive
effect of the other’s punishment on punishment levels. By contrast,
for those who did punish unconditionally, the analysis indicates that
the decision of the other Punisher did not systematically affect their
punishment (the joint effect of ‘Other punishes’ and its interaction
term with ‘Unconditional punishment’ is not significantly different
from zero; Wald test: χ2(1) = 0.15, P = 0.696). Taken together, this
analysis suggests that coordination effects are driven by those who
did not punish unconditionally.
In Model 2 we confirm that the positive effect of the other punisher’s decision is robust to alternative model specifications, and
further investigate how preferences for coordinated punishment
vary with the Target’s decision to cooperate or defect. We find that
a Target’s decision to cooperate leads to lower overall levels of punishment, as indicated by the significant negative ‘Target cooperated’ dummy. Preferences for coordinated punishment, however,
seem independent of the Target’s PGG decision as the interaction
term of ‘Target cooperated’ × ‘Other punishes’ is not statistically
significant. This means that defection leads to higher levels of
punishment, but does not make it more likely that people coordinate (or anticoordinate) their punishment. However, as unconditional punishment towards cooperators (‘antisocial punishment’)25
occurred only in 5.7% of cases, coordinated antisocial punishment
is very rare in our data; only 0.63% of the cooperators got punished
in a coordinated way.
We now turn to the individual-level preferences for conditional
punishment elicited with the strategy method (Fig. 1e,f). We distinguish four ‘punishment types’: (1) ‘coordinated punisher’, punishing
only if the other does so as well; (2) ‘anticoordinated punisher’, punishing only if the other does not punish; (3) ‘independent punisher’,
punishing regardless of the other’s punishment decision; and (4)
‘non-punisher’, not punishing at all. Here we focus on the relative
frequencies of these types.
In line with established findings for one-shot games without strategic incentives to punish23,27,68,69, the majority of participants in the
role of Punisher chose to never punish (78.9%). Among the n = 282
Punishers who punish at least once, we find a strong and striking
pattern (Fig. 2a). In this group, coordinated punishers are most
frequent (47.5%). The independent punishers and anticoordinated
punishers are much less frequent (25.9% and 26.6%, respectively).
Figure 2 also shows the distribution of punishment types, split
by the unconditional punishment decision. In line with the regression results presented in Table 1, this decomposition reveals that
coordinated punishment is particularly prevalent among those who
do not punish in the unconditional stage (Fig. 2b). Among those
participants who do punish in the unconditional punishment stage,
we most frequently observe independent punishment (Fig. 2c).
The distribution of punishment types across unconditional punishers and unconditional non-punishers is highly significantly
different (χ2(2) = 52.88, P < 0.001, effect size φc = 0.43). In particular, among unconditional non-punishers there is a significantly
larger fraction of ‘coordinated punishers’ (χ2(1) = 37.77, P < 0.001,
φc = 0.37) and a significantly smaller fraction of ‘independent punishers’ (χ2(1) = 44.49, P < 0.001, φc = 0.40). The fraction of ‘anticoordinated punishers’, in contrast, is very similar across both subsets
(χ2(1) = 0.11, P = 0.738, φc = 0.02; see Supplementary Fig. 1 for a
decomposition of conditional punishment types for each of the outcomes of the PGG).
These behavioural patterns demonstrate that many people
prefer coordinated punishment. As we developed our own experimental paradigm to examine rarely explored preferences for conditional
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Fig. 2 | Distribution of punishment types by decision in unconditional punishment stage. Bars show data from the strategy method, restricted to those
individuals who punished at least once (n=282 out of the total of n=1,336). a, All punishers. b, Only those who did not punish in the unconditional
punishment stage. c, Only those who did punish in the unconditional punishment stage.

punishment, one might ask how robust our results are and,
perhaps more fundamentally, why people would prefer coordinated
punishment.
To test the robustness and replicability of our results, and to further probe motivations underlying conditional punishment preferences, we ran a new study with n = 2,316 additional participants.
The design and the procedures of this new study were the same as
in our original experiment, with the following exceptions. First, to
rule out that the observed patterns in punishment preferences are
due to confusion about the strategy method and the payoff consequences for punishment, we added a set of control questions right
before participants entered the punishment stages. Second, as a
further robustness check we counterbalanced the order in which
participants made their punishment decisions, such that in half of
the groups Punishers completed the ‘conditional’ stage (Fig. 1d,e)
before the ‘unconditional’ stage (Fig. 1c). Third, to further explore
the motivational factors underlying preferences for conditional
punishment, we extended the postexperimental questionnaire
with items probing not only experienced anger when making punishment decisions, but also other possible motivations such as a
desire for revenge towards the Target, reciprocity towards the other
Punisher, as well as inequality concerns.
The results of the new study closely replicate our original findings. Again, participants were significantly more likely to punish
when the other punisher did so as well (Supplementary Table 1),
demonstrating that the observed punishment patterns in our original study were not driven by confusion. When we focus on the people who punish at least once in the conditional punishment stage
and split up the data according to decisions in the unconditional
punishment stage, we observe that the same punishment types
predominate as before: coordinated punishment prevails among
1148

unconditional non-punishers (55.3%) and independent punishment
prevails among unconditional punishers (51.4%; Supplementary
Fig. 2). As before, these distributions of conditional punishment
preferences significantly differed from each other (χ2(2) = 37.01,
P < 0.001, φc = 0.35). Furthermore, each of them closely match their
corresponding distribution from our original study (unconditional
non-punishers: χ2(2) = 2.94, P = 0.230, φc = 0.10; unconditional punishers; χ2(2) = 1.07, P = 0.584, φc = 0.06) and did not vary with order
(χ2(2) = 1.61, P = 0.448, φc = 0.11 for unconditional non-punishers;
χ2(2) = 2.63, P = 0.268, φc = 0.12 for unconditional punishers).
Taking the data from both studies together, we find that among
those n = 584 participants who punish at least once in the conditional stage, 43% have a preference for coordinated punishment.
A further 32% are independent punishers and 25% are anticoordinated punishers. So, overall, our results suggest that coordinated
punishment is a strong and robust phenomenon prevailing across
different outcomes of cooperative interactions. Preferences for coordinated punishment are particularly common among people who
do not punish unconditionally. In the Supplementary Information,
we develop a simple model to explore how the relative frequencies
of punishment preferences observed in our data may impact the
relative payoffs of cooperation and defection. This model suggests
that the range of conditions for which cooperation is favoured over
defection can be substantially enhanced by the presence of individuals who do not punish unconditionally, but who are prepared
to punish once another individual initiates it (Supplementary Fig. 3
and Supplementary Results).
To understand the potential drivers and underlying motivations of individuals’ punishment preferences, we analyse Punishers’
reported levels of anger (using data from both studies) as well as
their responses to the postexperimental questionnaire in our
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Fig. 3 | Anger levels per punishment type. Panels show distributions of Punishers’ self-reported ratings of anger when they learned about the PGG
decision of their Target. The distribution of anger levels differs significantly across punishment types (Kruskal–Wallis test: χ2=198.29, d.f.=3, P<0.001).

replication study. For eliciting anger levels, we asked punishers to
rate their level of anger when making their punishment decisions on
a 7-point scale (1, not angry at all; 7, very angry). On average, anger
scores are highest when the Punisher cooperated and the Target
defected (3.7) and lowest if both cooperated (1.5). We find anger
levels to be significantly higher for unconditional punishers than
for unconditional non-punishers (3.7 versus 2.2; Mann–Whitney
U (MWU)-test, z = 15.34, d.f. = 1, P < 0.001, r = 0.29).
Reported anger levels also vary markedly across the different
conditional punishment types (Fig. 3). Participants who never punished report average anger levels of only 2.1, which is significantly
lower than those reported by any of the other types (MWU-tests
for pairwise comparisons, d.f. = 1, all P < 0.001). Furthermore,
independent punishers tend to report higher average anger levels
(3.8) than coordinated punishers (3.1, MWU-test, z = 3.67, d.f. = 1,
P < 0.001, r = 0.18) and anticoordinated punishers (3.2, MWU-test,
z = 2.86, d.f. = 1, P = 0.004, r = 0.16), while there is no significant difference between the latter two types (MWU-test, z = 0.55, d.f. = 1,
P = 0.586, r = 0.03). When accounting for multiple comparisons (by
multiplying P values by 6, the number of comparisons), differences
that are significant in this analysis remain so. These findings suggest
that conditional punishers may be less emotionally aroused than
independent punishers and are less driven by emotions of anger.
In the extended questionnaire from the new study, participants
used a 7-point scale to indicate their agreement to a set of statements,
designed to test a set of candidate motivations that we hypothesized
to be associated with some specific punishment preferences but less
so with others. Our approach was to perform targeted comparisons
for each statement, singling out one specific punishment type that
we linked, a priori, to the respective motivation. In particular, we
tested whether agreement scores were higher in that punishment
type than in others, giving us the first correlational hints at possible
motivations behind conditional punishment preferences.
In our analyses, we focus only on those participants who punished at least once in the conditional stage. That is, we disregard the
non-punishers—who, unsurprisingly, report different motivations

for their behaviour in the punishment stage of the experiment, relative to those who punished at least once, rendering all overall tests
between distributions of types significant (Kruskal–Wallis tests,
d.f. = 3, all P < 0.001). For a full analysis of participants’ responses
broken down by punishment type, including non-punishers, see
Supplementary Results.
Our analysis of anger outlined above suggests that independent
punishers (IP) might be driven by a thirst for revenge70,71. This motivation is corroborated by the observation that independent punishers agree most with the statement ‘I wanted to reduce [the Target]’s
earnings myself ’ (μIP = 4.8, μother punishers = 4.0; MWU-test: z = 4.11,
d.f. = 1, P < 0.001, r = 0.24). By contrast, one motivation behind
anticoordinated punishment (ACP) could be wishing to see free
riding being sanctioned, but only at moderate levels. The data do
not support this idea: while anticoordinated punishers agreed more
with the statement ‘I did not want to reduce [the Target]’s earnings by too much’ than the other punishers did, this difference was
not significant (μACP = 3.8, μother punishers = 3.5,; MWU-test: z = 0.80,
d.f. = 1, P = 0.423, r = 0.06).
We further hypothesized that coordinated punishers might be
only willing to punish if others do so too, because they do not want
their payoffs to fall behind those of the other punisher. Consistent
with this hypothesis, we found that, among those participants who
punished at least once, coordinated punishers (CP) tended to agree
the most with the statement ‘I did not want to earn less than [the
other punisher]’ (μCP = 4.9, μother punishers = 4.6; MWU-test: z = 2.09,
d.f. = 1, P = 0.036, r = 0.12). Another rationale for coordinated punishment might be that coordinated punishers see punishment by the
other group member as a nice act (enforcing a norm of cooperation)
and feel the need to reciprocate. This idea is supported by the observation that coordinated punishers agreed most with the statement
‘I did not want to let [the other punisher] down in case they chose
to punish’ (μCP = 4.9, μother punishers = 4.5; MWU-test: z = 2.26, d.f. = 1,
P = 0.024, r = 0.13). Finally, coordinated punishers may be unsure
what to do when making their punishment decisions, or be unsure
whether punishment is socially appropriate or legitimate15,53, and
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take others’ punishment behaviour as a ‘principle of social proof ’72.
We did not find support for these possible motives: coordinated
punishers did not agree more with the statements ‘When making
my [conditional punishment] decisions, I was unsure what to do’
(μCP = 4.0, μother punishers = 4.0; MWU-test: z = 0.11, d.f. = 1, P = 0.914,
r = 0.01) or ‘When making my [conditional punishment] decisions, I was unsure what was the appropriate thing to do’ (μCP = 4.2,
μother punishers = 4.1; MWU-test: z = 0.01, d.f. = 1, P = 0.998, r = 0.01).
Across our two sets of experiments, we find unambiguous evidence that many people like to condition their punishment decisions on those of other people. This conditionality is reminiscent
of ‘conditional cooperation’, that is, many people’s conditional willingness to contribute to a public good in the first place provided
others do the same. This raises the interesting question whether
conditional punishers are also conditional cooperators. To answer
this question, in the following, we examine how preferences for
conditional punishment (that is, negative reciprocity) relate to
well-studied preferences for conditional cooperation (that is, positive reciprocity)73. That is, are these preferences linked and do they
reflect a general sensitivity to social influence by peers, or are they
unrelated, indicating that inclinations to reciprocate are contextspecific? Existing evidence, which, with exceptions62,74, only looked
at cooperation and punishment decisions and did not elicit conditional preferences, suggests that positive and negative reciprocity
are unrelated75. However, given that, conceptually, cooperation and
punishment share the logic of a public good (while both cooperation and punishment are individually costly, all group members
may benefit), one might expect that people who prefer to cooperate conditionally on others’ cooperation also prefer to condition
their punishment on others’ punishment. To test this hypothesis, we
conducted a follow-up experiment examining whether individuals’
punishment preferences are related to their preferences for conditional cooperation.
Two weeks after participating in our conditional punishment
experiments (both from the original and the new study), a subset
of participants who were in the role of a Punisher was re-invited
to participate in an additional study. In this follow-up experiment,
participants were randomly matched with a partner to play a oneshot dyadic binary Prisoner’s Dilemma Game, in which both players
had to choose to either ‘cooperate’ or ‘defect’. From the perspective
of an individual participant, defecting yielded a personal benefit of
3 MU and 0 MU for their partner. Cooperating yielded 2 MU for
both partners (for instructions, see Supplementary Methods).
As in the primary experiment, participants in the follow-up
experiment had to make two types of decisions: an ‘unconditional’
and a ‘conditional’ decision76. After their unconditional decision to
either ‘cooperate’ or ‘defect’, participants entered a second (‘conditional’) stage in which they could make their cooperation decision
dependent on the cooperation decision of their partner. Again, we
recorded these conditional cooperation decisions using the strategy
method: participants indicated their decision in case their partner would either cooperate or defect. Within a pair, earnings were
determined by implementing the unconditional decision of one
randomly chosen partner and the corresponding conditional decision of the other partner (Methods). This procedure allows us to
classify participants into three distinct cooperation types14,74: ‘conditional cooperators’ (those who cooperate only if their partner cooperates, but defect otherwise), ‘free riders’ (those who always defect
irrespective of their partner) and ‘others’ (those who fall under neither of the first two categories).
To ensure sufficient statistical power, we selectively re-invited
participants to obtain a more balanced sample with respect to the
distribution of punishment types, compared to our full sample from
the primary experiment. That is, we aimed to oversample those
who punished at least once in the conditional stage in the primary
experiment (cf. Fig. 2) and undersample those who never punished.

38.1%
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48.4%

60
13.3%

17.8%

27.6%

21.5%
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40

21.0%
20
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0
Others
(n = 62)

Fig. 4 | The (lack of) correlation between individuals’ preferences for
conditional cooperation and conditional punishment. Stacked bars
show the distribution of punishment types as measured in the primary
experiment, separated by conditional cooperation type as measured in the
follow-up experiment.

This procedure indeed led to a more evenly distributed sample
with respect to punishment types: among the n = 381 participants
in the follow-up experiment, 39% were non-punishers, 22% were
unconditional punishers, 23% were coordinated punishers and 16%
were anticoordinated punishers. In this sample we find a commonly
observed pattern with regard to the distribution of cooperation
types: more than half of the people (56%) are conditional cooperators, about 28% are free riders and the remaining 16% are classified
as ‘others’.
To investigate whether preferences for conditional cooperation
and conditional punishment are linked at the individual level, we
compare the distribution of punishment types across the different
cooperation types. If these two types of preference reflect a more
general behavioural tendency (for example, inclinations to reciprocate or to conform with the behaviour of others), we would expect
that coordinated punishment is particularly frequent among conditional cooperators.
We find no evidence for a systematic relation between preferences for conditional cooperation and preferences for conditional
punishment (Fig. 4). The overall distribution of conditional punishment types does not differ across the cooperation types (χ2(6) = 5.26,
P = 0.510, φc = 0.08). Furthermore, individuals with preferences for
coordinated punishment were not disproportionately more likely to
have preferences for conditional cooperation (χ2(1) = 0.71, P = 0.401,
φc = 0.04). Interestingly, free riders who, by definition, are unwilling
to contribute to a first-order public good, are not less likely to contribute to the second-order public good of punishment compared
with conditional cooperators. That is, their preference for conditional
punishment is not different from those of conditional cooperators
(χ2(3) = 2.25, P = 0.522, φc = 0.08). These results suggest that conditional preferences in positive and negative reciprocity do not follow
the same logic74. Positive effects of peer behaviour do not, for example, reflect a simple conformist heuristic of blindly following others.
Our large-scale experiments provide firm empirical evidence
that many people prefer to coordinate their punishment in cooperative interactions. Our results support theories that explain the
emergence and maintenance of human cooperation based on individuals sanctioning their peers jointly rather than individually5.
When deciding whether or not to punish a peer, many people are
more willing to engage in costly punishment if others do so too.
Intriguingly, preferences for coordinated punishment are particularly pronounced among those who do not punish unconditionally,
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suggesting that punishment levels can rise substantially when people have the opportunity to coordinate their sanctions.
Our results indicate that conditional preferences are not limited
to the domain of positive reciprocity (cooperation), but extend to
the domain of negative reciprocity (punishment), too. On aggregate,
in both domains conditional preferences lead individuals to align
their decisions with others and conform to their actions. However,
there is substantial heterogeneity in how individuals condition
their punishment on the punishment behaviour of others (Fig. 2).
Interestingly, our data suggest that people’s conditional preferences
in the domains of positive and negative reciprocity are unrelated
(Fig. 4). This result supports the emerging view that behavioural
strategies of cooperation and punishment are not closely associated
with each other14,74,75,77–80, and suggests that cooperation and punishment are separate phenomena, each driven by its own psychological processes. Indeed, the lack of correlation between conditional
punishment and conditional cooperation indicates that, while firstorder and second-order free-rider problems may look theoretically
very similar, the underlying mechanisms supporting behaviour in
them may be quite distinct.
Our analysis of anger levels provides a first step in understanding
the possible drivers of conditional punishment. ‘Independent punishers’—who punished regardless of the punishment of others—
reported the highest levels of anger. This indicates that negative
emotions are an important factor explaining punishment behaviour
in our experiment. Interestingly, we observe lower levels of anger
for individuals who condition their punishment on that of others
(‘coordinated punishers’ who only punished if the other punished
as well, and ‘anticoordinated punishers’ who punished only if the
other refrained from punishment). This suggests that, compared to
independent punishers, the preferences of conditional punishers
might perhaps reflect a more deliberative attitude, with behaviour
relatively less likely to be driven by negative emotions.
Our additional questionnaires provide further correlational hints
regarding possible motivations underlying conditional punishment
preferences. Independent punishment was associated with a desire
to mete out punishment oneself, supporting the idea that this preference might be driven by a ‘thirst for revenge’. By contrast, preferences
for coordinated punishment were linked with increased concerns for
equality and not letting the other punisher down, suggesting (positive) reciprocity towards the other punisher. While these questionnaire results provide some initial indication of why people might
prefer to punish conditionally, the observed differences between the
punishment types were relatively small. Moreover, our examination
of the possible motivations is by no means exhaustive and we consider our current analysis to be a first step. Systematically uncovering the motivations underlying conditional punishment preferences
would be an interesting direction for future study, which could contribute to a more comprehensive understanding of the psychological
determinants of peer punishment.
We conducted our experiments online, with American participants from Amazon Mechanical Turk (MTurk). This platform is well
suited for large-scale studies such as ours, and gives the opportunity
to recruit a more demographically diverse sample than student samples typically recruited in laboratory studies81. Although collecting
data online is associated with reduced levels of experimental control
relative to the traditional decision-making laboratory, this does not
have to compromise data quality82–84, especially when the methodological challenges of conducting experiments online are adequately
addressed29. Moreover, a recent study on cooperation and punishment found that MTurkers punish in a similar way as students in
the laboratory29, giving reason to be optimistic about the generalizability of our results. However, it is an empirical question whether
the patterns of conditional punishment preferences from our study
would be observed under more standard laboratory conditions or,
for example, in samples from different cultural backgrounds.

We designed our experiments to identify preferences for conditional punishment in a highly controlled experimental scenario
that isolates the impact of a peer’s punishment behaviour on people’s tendencies to punish. At the same time, our design strived to
minimize potential confounding effects due to factors such as nonanonymity, the possibility of future interactions with those you
punish or anticipated counter-punishment. Of course, using a stylized social context comes at a cost of realism and might limit the
generalizability of experimental findings. In our case, the observed
strong association between conditional punishment types and (selfreported) anger suggests that decisions in our experiment are at
least partly motivated by factors that are commonly considered to
drive punishment in the wild. Nevertheless, studies of conditional
punishment in more contextualized settings85,86 would make valuable complements to the experiments presented here.
Our study set out to investigate preferences for conditional punishment in a very simple and ‘minimal’ environment: that is, one
which is just complex enough to allow clean tests for conditional
punishment preferences. While we judge this is the right place to
conduct initial tests for such preferences, having provided clear evidence for them, we believe that incrementally increasing the complexity of the experimental decision-making situation (that is, the
number of factors at play) will help achieve a more complete empirical understanding of conditional punishment. Interesting extensions of our basic experiment would include nonlinear returns to
scale of punishment87. For example, coordinated sanctions might be
more efficient than individual, uncoordinated punishment, and less
risky for those who mete them out as revenge is less likely5. Testing
whether anticipating such ‘synergy’ modulates people’s preferences
for coordinated punishment would be of great value. Further experiments could test how coordinated punishment impacts the longrun dynamics of cooperation. When time horizons are longer than
the one-shot interactions used in our study, decisions to cooperate
and punish have a strategic dimension, potentially involving interactions between coordinated punishment and individuals’ reputations. Such experiments could also test the theoretically predicted
deleterious implications of antisocial punishment88,89 in situations
where defectors coordinate their punishment and ‘gang up’ against
cooperators90,91.

Methods

For the primary experiment, we recruited n = 2,004 participants from Amazon
MTurk, two-thirds of whom (n = 1,336) had the role of Punisher (Fig. 1).
Participants completed the experiment in about 10 min and earned a flat fee of
US$0.50 plus their earnings from the game. At the end of a session, monetary units
were converted into money at the rate 10 MU = US$1.00. Total average earnings
were US$1.50, which corresponds to an average hourly wage of US$9.00. Before the
start of the PGG, each participant had to correctly answer a set of control questions
designed to test their understanding of the interaction setting. Participants were
all US citizens; 55% were male and their mean age was 32.7 years. The online
experiment was developed with the software LIONESS92. Ethical approval
was provided by the Research Ethics Committee at the School of Economics,
University of Nottingham. All experimental instructions are documented in the
Supplementary Methods.
Experimental sessions ended with a short questionnaire. In the questionnaire,
we asked Punishers to indicate how angry they felt when they learned about the
Target’s PGG decision on a Likert scale from 1 (not angry at all) to 7 (very angry);
see Supplementary Methods for exact question wording. We also recorded
age and gender.
For the follow-up experiment, intended to measure preferences for conditional
cooperation76, we recruited n = 177 individuals who had participated in the
primary experiment. The follow-up experiment was programmed in Qualtrics
and took about 7–8 min. Participants were matched post-hoc to calculate their
earnings, consisting of a flat fee of US$0.50 plus their earnings from the game,
which were converted into money at the rate 5 MU = US$1.00. To calculate
their game earnings, we matched 176 of the 177 participants in pairs. A random
mechanism chose which type of decision was implemented for each partner.
In particular, for one player the ‘unconditional’ cooperation decision was
implemented (the first mover), while for the other player (the second mover)
the corresponding conditional cooperation decision (depending on the first
mover’s decision) was implemented. The earnings for the remaining (177th)
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participant were calculated by using their unconditional cooperation decision and
implementing the corresponding conditional cooperation decision of a randomly
chosen other participant. Total average earnings were US$1.25, which corresponds
to an average hourly wage of US$10.00.
Our replication study had the same general setup as our original study. For
the conditional punishment experiments, we recruited n = 2,316 additional
participants on MTurk (all US citizens; 53% male, mean age 34.9 years; sample
size based on a power analysis, presented in Supplementary Fig. 4). Relative to the
original study, we made three changes: on top of the control questions before the
cooperation stage of the game (as used in the original study), we added control
questions before the punishment stage. Furthermore, we counterbalanced the
order of the ‘unconditional’ (Fig. 1c) and the ‘conditional stage’ (Fig. 1d,e), so that
half of the participants made their conditional punishment decisions first. Finally,
we added a set of questionnaire items directly probing possible motivations for
conditional punishment preferences, as well as items to explore links between
conditional punishment preferences with personality characteristics. These items
and the analysis of participants’ responses are detailed in the Supplementary
Results. We recruited n = 204 individuals who participated in the replication study
for the follow-up experiment measuring preferences for conditional cooperation,
which was identical to the follow-up experiment from the original study.
Reported tests were two-tailed, unless stated otherwise. Sample sizes for the
original study were not based on an explicit power analysis due to a lack of directly
comparable experiments to base a power analysis on. We used the data from the
original study to perform a power analysis for the replication study (Supplementary
Fig. 4). After being matched into groups, participants were randomly assigned
a role (Punisher or Target). All Punishers encountered both relevant conditions
in the strategy method (one where the other participant chose to punish and
one where they chose to not punish). In the replication study, the order of the
unconditional and conditional decisions was counterbalanced between interaction
groups. Data collection and analysis were not performed blind to the conditions of
the experiments. No data from interaction groups who completed the experiment
were excluded from the reported analyses.
Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability
All data underlying the results reported in our manuscript can be found on Github
at https://github.com/LucasMolleman/NHB_CoordinatedPunishment.

Code availability
The LIONESS code for the online experiment is available upon request from the
corresponding authors. Analysis code for STATA can be found on Github at https://
github.com/LucasMolleman/NHB_CoordinatedPunishment.
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