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Economic experiments have suggested that cooperative humans will
altruistically match local levels of cooperation (conditional cooperation) and
pay to punish non-cooperators (altruistic punishment). Evolutionary models
have suggested that if altruists punish non-altruists this could favour the evol-
ution of costly helping behaviours (cooperation) among strangers. An often-
key requirement is that helping behaviours and punishing behaviours form
one single conjoined trait (strong reciprocity). Previous economics experiments
have provided support for the hypothesis that punishment and cooperation
form one conjoined, altruistically motivated, trait. However, such a conjoined
trait may be evolutionarily unstable, and previous experiments have con-
founded a fear of being punished with being surrounded by cooperators,
two factors that could favour cooperation. Here, we experimentally decouple
the fear of punishment from a cooperative environment and allow cooperation
and punishment behaviour to freely separate (420 participants). We show, that
if a minority of individuals is made immune to punishment, they (i) learn to
stop cooperating on average despite being surrounded by high levels of
cooperation, contradicting the idea of conditional cooperation and (ii) often
continue to punish, ‘hypocritically’, showing that cooperation andpunishment
do not form one, altruistically motivated, linked trait.
1. Introduction

‘Mistrust all in whom the urge to punish is strong!’

– F. W. Nietzsche (1885) [1]
Can human cooperation, often considered biologically unique, be explained by
a phenomenon of altruistic punishment, whereby individuals punish non-coop-
erators for the good of society? Do people, for example, if they see someone
littering in public, harming others or using public transport without paying,
punish them? Economic experiments have attempted to model these situations.
Key results suggest that human cooperation in such situations is reliant on the
presence of ‘altruistic punishers’ who police a minority of non-cooperators even
though they have nothing to gain [2–4].

Specifically, experiments using the repeated public goods game have shown
thathumancooperation is typically fragile [5–7]unless individuals canpay to inflict
fines upon other individuals (to ‘punish’) [2,3]. A common explanation for these
results is that, when punishment is not possible, cooperators retaliate against
non-cooperators in the onlyway available to them, by reducing their contributions
to the public good [8,9]. Including the option of costly punishment stabilizes con-
tributions because cooperators are willing to pay not only to contribute, but also
to punish non-cooperators, even when groups are arranged over time so that no
two individuals ever interact twice (to mimic large societies where the chances of
interacting again can be near zero) (altruistic punishment) [3,10–13]. Consequently,
the argument goes, cooperators, no longerworried about being exploitedbyamin-
ority of non-cooperators, can happily continue to contribute at high levels [14,15].
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Evolutionary models assuming these two traits,
cooperation and punishment form one conjoined, altruistic,
trait (dubbed ‘strong reciprocity’) have been proposed as expla-
nations for the evolution of a uniquely human cooperation
between non-relatives [3,10–12,16–19]. This ‘Altruistic Punish-
ment’ hypothesis (also known as the ‘Strong Reciprocity’
hypothesis [20,21]) posits that ‘Strong reciprocators bear the cost
of rewarding or punishing even if they gain no individual economic
benefit whatsoever from their acts.’ [14] and has been supported
by experiments showing that punishment is mostly directed
towards below average [3], or relatively lower [22], contribu-
tors. This suggests that altruistic cooperation and punishment
are indeed correlated, leading some to suggest that govern-
mental policies aiming to increase cooperation should aim
‘to provide opportunities for the public-spirited to punish
free-riders’ rather than rely on institutional incentives [23,24].

However, natural selection, or individual learning of cul-
tural traits, could often favour the decoupling of cooperation
and punishment, making strong reciprocity unstable [25,26].

Instead, punishment, whereby one individual pays to harm
another individual, may not be altruistically motivated [3,27–
32], and previous experiments have confounded two crucial
aspects. Specifically, it is not clear if individuals are continuing
to contribute out of the knowledge that non-cooperators will
not be able to exploit them, as has been assumed [14,15], or
because they themselves are afraid of being punished. This is
because everyone can be punished, and punishment is very
common(around80%of individualspunish someone).Therefore,
the apparent linkage between cooperation and punishment may
be an artefact of an experiment design which confounds a coop-
erative environment with a fear of being punished, and
whereby nearly everyone both contributes and punishes.

We tested if contributing and punishingwere behaviourally
linked traits by replicating the seminal study of altruistic
punishment [3] but with one key modification (figure 1).
Instead of making all participants vulnerable to punishment
(‘Mutual-Punishers’ scenario), we made some individuals
permanently immune to punishment (‘Immune-Punisher’
scenario) [33]. If immune individuals are altruistically motiv-
ated, then they will behave the same as when not immune.
This means they will continue to match the contributions of
their group mates (conditionally cooperate [8,9,15]) and to
punish lower contributors (‘altruistic punishment’ hypothesis).

By contrast, there is increasing evidence that participants are
initially confused in public goods games, but learn from experi-
ence, and that levels of altruistic contributions have been
overestimated (‘confused learners’ hypothesis [7]). If immune
individuals are instead motivated by personal gain but require
experience to learn how to play the game, then theywill learn to
(i) reduce their contributions despite high levels of contributions
among their group mates and yet (ii) they may still punish
others, even if they themselves are hypocritically contributing
even less, demonstrating that cooperation (contributing) and
punishment are not linked traits.
2. Methods
(a) Participants, software and location
The experiment was conducted in z-Tree and in French using
publicly available instructions [9,34]. All our experimental files,
data files and analysis files are freely available online [35]. We
had 20 sessions each with 20 or 24 participants (420 in total) at
the HEC-LABEX facility, University of Lausanne (UNIL), Swit-
zerland. HEC-LABEX recruited participants using ORSEE and
excluded all participants from previous experiments by the
same authors [36]. Participants were mostly students enrolled
at either UNIL or the Swiss Federal Polytechnic School (EPFL).
We had a near equal gender ratio (202 female, 215 male, two
other, and one declined to answer) and most of our participants
were under 26 years of age (134 aged under 20, 257 aged 20–25,
23 aged 26–30, two aged 30–35, three were over 35, and one
declined to answer).

(b) Experimental design and procedure
The experiment was based on a typical linear public goods game.
Individuals were placed into groups of four, given 20 monetary
units (1 MU = 0.04 CHF), and had to decide how many (0–20)
to contribute to a group fund. All contributions were multiplied
by 1.6 and then shared out equally regardless of contribution
amounts. The individual return from contributing each MU
(the marginal per capita return) was therefore below 1 (1.6/4 =
0.4), meaning that contributions were personally costly but
beneficial for the group.

Afterwehadexplained the abovepublic gooddecisionmechan-
ism (with no mention of punishment), we measured participants’
social preferences using the ‘strategy method’. The method
measures an individual’s preference for cooperating versus not-
cooperating depending on how their group mates behave and is
therefore used to control for an individual’s beliefs about their
group mates (N = 380/420, an experiment error meant we missed
40 participants). Specifically, it asks participants to make a separate
decision for each and every possible scenario ofmean contributions
by their threegroupmates (21 scenarios from0–20MU).The instruc-
tions and presentation were copied from [9]. This allowed us to
produce a more fine-grained analysis that controls for different
putative ‘social types’ reported in the literature. The method cat-
egorizes individuals as either conditional cooperators (CC), who
either perfectly, or at least approximately, match their group
mate’s mean contribution across all 21 scenarios (Pearson corre-
lation greater than 0.5 and the amount they contribute when their
groupmates contribute fully is greater than theirmean contribution
for all 21 scenarios [37]), or free-riders (FR), who never cooperate
regardless (contribute 0 MU for every possible scenario); or other/
unclassified,whosatisfiedneitherof these criteria [8,37]. Strong reci-
procity theory predicts that CC will continue to cooperate even
when they are immune from punishment.

We then conducted the core of the experiment. Participants
knowingly play a repeated version of the same public goods
game for five rounds. They were told that the group composition
would change after each round, in such a way that ensured that
no two individuals ever interacted twice (‘perfect-stranger’match-
ing, [2,3]). We used three different scenarios, each with either one
or two distinct player roles, that were held constant for the dur-
ation of the game (figure 1). All participants in the same session
faced the same scenario. The five rounds of the game therefore
represent five ‘one-shot’ versions of the scenario, played with
different people each time, and all roles held constant.

In each scenario, there were two decision phases per round
of the game that followed the original design for ‘altruistic
punishment’ [3]. In decision phase one, individuals made a sim-
ultaneous contribution to the public good, ranging from 0 to
20 MU. Then, for decision phase two, all the individuals were
informed of the individual contributions and pay-offs of each
of their group mates (we showed them their group mates contri-
butions in random order on the screen). They could then,
depending on their assigned role, choose to pay to deduct earn-
ings from their group mates (to punish). The cost of punishment
was 1 MU to deduct 3 MU. Individuals could spend up to 10 MU
per person they punished (6 MU in sessions 1 and 2, electronic
supplementary material, Methods). To make punishment equally



mutual punishers immune punisher sole punisher

Figure 1. Experiment design. We varied either the number of group members allowed to punish others (holding a big club), or that were permanently immune to
the threat of punishment (surrounded by blue shield). The Mutual-Punishers scenario replicated the original experiment design on altruistic punishment [3]. The
Immune-Punisher scenario contained one group member that was immune to the threat of punishment but who could still punish group mates. The Sole-Punisher
scenario contained only one group member that could punish group mates, and thus this punisher was de facto immune. (Online version in colour.)
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affordable to all eligible punishers, each individual was endowed
with a punishment budget of 30 MU (18 MU in sessions 1 and 2,
electronic supplementary material, Methods). The most a victim
of punishment (punishee) could lose was their total earnings
from the contributions stage (maximum 44 MU), which meant
no individuals could ever earn a negative amount from a specific
round of the game. After the punishment decisions had been
made, the individuals learned how many MU had been
deducted from their account, i.e. how much they had been pun-
ished, but they did not know which individual(s), or how many,
had punished them.

Our primary modification was to introduce individuals that
were ‘immune’ to punishment. In the classical design, all individ-
uals could punish all other individuals [3]. We replicated this
design in our baseline scenario (‘Mutual-Punishers’ scenario).
By contrast, in our other two scenarios, we introduced one
immune individual to each group (figure 1).

In our ‘Immune-Punisher’ scenario, one individual, the
‘immune punisher’, was immune to punishment, but could still
punish all the other individuals, who were not immune. This
meant the immune punisher could punish up to three group
mates, whereas the non-immune punishers who were analogous
to a sub-group of ‘mutual-punishers’ in this scenario could only
punish up to two group mates (figure 1). As a control, we
included a scenario where the immune punisher was the sole
group member that could inflict punishment (‘Sole-Punisher’
scenario, figure 1) [38–40], allowing us to test if immune punish-
ers freeride on the punishment of others when they are not the
sole potential punisher. The key treatment design in our exper-
iment was whether an individual was randomly assigned to be
immune or not immune, within three different background
scenarios/ecologies (figure 1).
(c) Financial incentives
Each MU was worth 0.04 CHF, so 20 MU was worth 0.8 CHF (see
electronic supplementary material, Methods for details of excep-
tions in Sessions 1–3). All earnings were rounded up to the
nearest CHF, and the mean average payment was 22.60 CHF
(this includes the 10 CHF showup fee) and ranged from 18
CHF to 31 CHF, with a median and a mode of 22 CHF.
(d) Statistical analyses
We analysed the data using R-Studio [41]. All statistical tests
were two-tailed and the analysis code files are freely available
online [35].
3. Results
When all four group members could punish (Mutual-
Punishers scenario), mean contributions were stable across
the five rounds between 42% and 45%, showing no signifi-
cant decline over time, replicating Fehr & Gächter’s original
findings of stable contributions under altruistic punishment
[3] (N = 80 individuals across four sessions; glmer: general-
ized linear mixed model with binomial link function
controlling for session and participant; round estimate =
−0.02 ± 0.019, z-value =−1.16, p = 0.247; figure 2; electronic
supplementary material, figures S1 and S2). Median
contributions remained between 8 and 9.5 out of 20 MU.
(a) Immune individuals contributed significantly less
over time

By contrast, in the Immune-Punisher scenario, the immune
individuals significantly decreased their mean contributions
over time, from 31% to 17%, as predicted by the confused
learners hypothesis and contradicting the altruistic punish-
ment/strong reciprocity hypothesis (Immune Punisher, N =
42 immune individuals across eight sessions; glmer: round
estimate =−0.32 ± 0.033, z-value =−9.96, p < 0.001; figure 2;
electronic supplementary material, figures S1 and S2).
Although the non-immune individuals also significantly
decreased their contributions, the decline was minor, with
the mean decreasing just slightly from 41% to 35%, signifi-
cantly less than the decline among the immune individuals
(Immune Punisher, N = 42 immune and 126 non-immune
individuals across eight sessions; glmer: round × immunity =
−0.25 ± 0.036, z-value =−6.93, p < 0.001). Consequently, by
the final round of the game, the differences were stark,
with the median contribution for immune individuals
having decreased from 5 to 0 MU, compared with from 8
to 7 MU for non-immune individuals.

A similar dynamic occurred in the Sole-Punisher scenario,
where only one group member could punish, and was there-
fore in effect also immune. In this scenario, the immune
individuals again showed a significantly greater decline in
contributions, from 40% to 12%, although the sole punisher
was insufficient to prevent the contributions of non-
immune individuals from also declining, from 46% to 25%
(sole punisher, N = 43 immune and 129 non-immune
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Figure 2. Immune individuals contribute less over time. Shown for each scenario are the mean (filled circles), plus 95% bootstrapped confidence interval and the
median (empty diamonds) contributions per individual per round, depending on player role (magenta = non-immune; blue = immune). Mutual Punishers, N = 80;
Immune Punisher, immune, N = 42; non-immune, N = 126; Sole Punisher, immune = 43; non-immune = 129. Coloured straight lines show, for the purposes of
illustration only, linear regression estimates for each unique session × player role combination. Sessions were statistically modelled as random effects (N = 4 in the
Mutual Punishers; eight in each of the Immune-Punisher and Sole-Punisher scenarios). Immune individuals showed a greater decline in contributions than non-
immune individuals in both the Immune-Punisher scenario and the Sole-Punisher scenario.
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individuals across eight sessions; glmer: round × immunity =
−0.23 ± 0.035, z-value =−6.69, p < 0.001). Again, median
contributions of immune individuals bottomed out by the
final round, decreasing from 7 to 0 MU, whereas non-
immune individuals were consistently higher, decreasing
from 10 to 4 MU (figure 2; electronic supplementary material,
figures S1 and S2).
(b) Conditional cooperators learn to not contribute
Our central finding that immune individuals learned to con-
tribute less despite being able to punish FR and despite being
surrounded by cooperators (in the Immune-Punisher scen-
ario), still applied to ‘CC’. When we repeated our above
analyses, but on just those immune individuals that were
classified as CC, we still found the same qualitative pattern
of results, with immune CC declining significantly faster
than their non-immune group mates (electronic supplemen-
tary material, Results and figures S3–S4; decline of
contributions of immune CC in the Immune-Punisher scen-
ario: from 41% to 23%, median from 8 to 1 MU, N = 24; in
Sole-Punisher scenario: from 50% to 16%, median from 10
to 0 MU, N = 28). By the final round of the Immune-Punisher
scenario, the immune CC had a median contribution of 1 MU
despite their non-immune group mates having a median con-
tribution of 7 MU, and despite immune and non-immune CC
having started at the same level of contributions (Immune-
Punisher scenario: both means = 41%, both medians = 8 MU;
Sole-Punisher scenario: means = 48–50%, both medians =
10 MU, electronic supplementary material, figure S4).

These results confirm that the lower contributions of
immune individuals were not simply due to them coinciden-
tally being non-cooperators (FR) who switched strategy
depending on whether they could be punished or not [13].
Instead, apparent CC, just like apparent FR, will take advan-
tage of their immunity, not at first, but once they have learned
how to play the game and will no longer match a stable,
peer enforced group average (Immune-Punisher scenario) if
they themselves are immune from punishment (figure 3).
Crucially, our experiment design retained the cooperative
environment in the Immune-Punisher scenario. This means
that the decline among CC cannot be attributed to a frustra-
tion at the lack of opportunities to discipline FR or an attempt
to match a declining level of contributions.
(c) Destructive punishment
Punishment was common and destructive (electronic sup-
plementary material, figure S5, tables S1–S3, and Results).
In the Mutual-Punishers scenario, which replicated the orig-
inal design to test for altruistic punishment, we found that
most individuals, 79% (63/80), chose to punish at least
once, and 26% (21/80) chose to punish in every round (elec-
tronic supplementary material, table S2), confirming our
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Figure 3. Social preferences and the threat of punishment. The threat of punishment converts FR into cooperators, but experience with immunity converts many CC
into FR. Social preferences/type were measured before the game with the strategy method [36]. Data show the link between initial and final round contributions
only. Thin lines are for each participant (filled circles), and the thick lines connect the mean contributions (empty circles) plus 95% bootstrapped confidence inter-
vals. Magenta = non-immune (can be punished), blue = immune from punishment. The figure combines individuals from both the Mutual-Punishers and the
Immune-Punisher scenarios, where there was always a threat of punishment from three group mates (or none). Sample sizes: CC, non-immune = 126; immune =
24; FR, non-immune = 24; immune = 5.
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methods and participant pool were comparable with the orig-
inal study where 84% of individuals punished at least once
[3]. The mean average spending on punishment per round
was 3.2 MU, 95% bootstrapped confidence interval = [2.74,
3.67] MU. This much punishment was ultimately destructive,
with the collective costs more than outweighing the collec-
tive benefits of any increase in contributions (electronic
supplementary material, Results and figure S5).
(d) Immune individuals punished less
Punishment may be motivated by other factors such as a mis-
placed sense of ‘blind revenge’ or pre-emptive strikes [2,42].
In support of this idea, we found that in the Immune-Pun-
isher scenario, the immune punishers, who could not suffer
punishment and thus should not be motivated by such ven-
geful motives, spent only half as much, significantly less,
on punishment as the non-immune individual (figure 4;
mean per round spending by: immune individuals =
1.2 MU, 95% bootstrapped confidence interval = [0.94, 1.56]
MU; non-immune individuals = 2.4 MU, 95% bootstrapped
confidence interval = [2.13, 2.74] MU; glmer controlling for
individual and session and round of the game: immune
estimate =−0.86 ± 0.328, z value =−2.62, p = 0.009). Immune
individuals punished less in total even though they were
allowed to punish more targets (three instead of just two),
meaning that the immune per target spending on
punishment was considerably lower (electronic supplemen-
tary material, Results).

Punishment may also be partly motivated by confusion
over the costs and benefits. Supporting the idea that punish-
ment is partly driven by confusion, we found that the
frequency of punishers showed a small but significant decrease
over time among the immune individuals, suggesting that
individuals may not only learn to not contribute, but may
also learn to not punish (electronic supplementary material,
Results and figure S6).
(e) Free-riding on punishment
If punishment is altruistically motivated, then individuals
will not ‘freeride’ on punishment. However, as our above
results showed, immune individuals in the Immune-Punisher
scenario punished less than the non-immune individuals,
consistent with free-riding on punishment. An alternative
way to investigate this question is to compare if the
immune individuals were more likely to punish when they
were the sole punisher and thus could not freeride on the
punishing behaviours of others (Sole-Punisher scenario).
This comparison between sole punishers and immune pun-
ishers also has the advantage that both types were immune
from punishment and thus could not be motivated by
‘revenge’, although we suspect sole punishers may have felt
more pressure from the experimenter to punish [43].
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Figure 4. Immune individuals punish less. Shown for each scenario are the mean (filled circles), plus 95% bootstrapped confidence intervals, and the median
(empty diamonds) mean spending per individual per round, depending on player role (magenta = non-immune; blue = immune). Mutual Punishers, N = 80;
Immune Punisher, immune, N = 42; non-immune, N = 126; Sole Punisher, immune = 43; non-immune = 129. Coloured straight lines show, for the purposes
of illustration only, linear regression estimates for each unique session × player role combination. Sessions were statistically modelled as random effects (N = 4
in the Mutual Punishers; eight in each of the Immune-Punisher and Sole-Punisher scenarios). In the Immune-Punisher scenario, immune individuals spent sig-
nificantly less on punishment than non-immune individuals, even though they could punish more group members (three instead of just two for the non-immune).
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We found that 77% of the sole punishers (N = 33/43) and 64%
of the immune punishers (N = 27/42) punished at least once.
The mean average spending on punishment by sole punish-
ers was 2.7 MU, 95% bootstrapped confidence
interval = [2.16, 3.34] MU, and by immune punishers was,
as detailed above, 1.2 MU, 95% bootstrapped confidence
interval = [0.94, 1.56] MU. However, despite the apparent
difference, it is not clear if this was meaningfully more spend-
ing on punishment by the sole punishers (the bootstrapped
confidence intervals did not overlap, but the glmer statistical
model was non-significant: effect of scenario estimate = 0.83
± 0.459, z-value = 1.81, p = 0.071).
( f ) Classifying punishment behaviours
We defined the behaviour of punishers in each particular
round of the game as either pro-social, anti-social or hypo-
critical, according to how they acted towards all their group
mates (‘punishment behaviours’; figure 5). This approach is
more representative of behaviour than just classifying each
dyadic interaction because 53% of all punishing behaviours
involved an individual punishing more than one group
mate (N = 399/755; electronic supplementary material,
table S1.
In line with previous research [22,44], we found that
in our Swiss participant pool, most of the punishment
behaviours among non-immune individuals were pro-social
and therefore appeared consistent with the altruistic
punishment hypothesis. Specifically, we found that 79% of
punishment behaviours in the Mutual-Punishers scenario
(N = 188/273), and 66% of punishment behaviours among
the non-immune individuals in the Immune-Punisher scen-
ario (N = 219/331), could be classified as ‘pro-social’
(defined as exclusively against lower contributors than the
punisher) (table 1).

However, among immune individuals, the instances of
pro-social punishment were significantly and drastically
lower, at just 49% in the Immune-Punisher scenario (N =
38/77), and 54.5% in the Sole-Punisher scenario (N = 60/
110) (Fisher’s exact test on counts of pro-social punishment
among immune and non-immune individuals combined:
p < 0.0001, table 1). Overall, this meant that among immune
individuals, the ratio of ‘pro-social’ to what has previously
been described as anti-social punishment was approximately
1 : 1, invalidating the view that humans can generally be
described as altruistic or ‘pro-social’ punishers (N = 98 : 89,
binomial sign test, two-tailed p-value = 0.559).

What could explain the high levels of anti-social (or non-
pro-social) punishment among immune individuals, who
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only
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do not punish lower
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do not punish top
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Figure 5. Classifying punishment behaviours. We classified each punisher’s behaviour per round into one of three categories, or ‘other/unclassified’. Our figure shows
the focal individual in the middle, holding a big club, with higher/lower contributors above/below them. Punished individuals are unhappy. If the focal individual:
only punished one or more lower contributors then this was ‘pro-social punishment’, punished the top contributor and did not punish any lower contributors, then
this was ‘anti-social’ punishment; punished one or more equal or higher contributors, but did not punish the top contributor, then this was ‘hypocritical’ punish-
ment. Green solid arrows, with a tick mark and a club, show necessary punishment for that definition; red dashed arrows with a forbidden sign, show forbidden
punishment for that definition; grey dotted arrows show punishment that was allowed but not necessary for that definition. Dashed, pale individuals may or may
not have existed. Solid individuals were necessary. Results are shown in table 1. (Online version in colour.)

Table 1. Hypocrisy in public goods games. A classification of punishment behaviours per individual per round (figure 5) reveals substantial hypocrisy among
individuals immune from punishment. Social = the individual exclusively punished lower contributors. Anti-social = the individual punished the highest
contributor(s) and did not punish socially. Hypocritical = the individual punished higher contributors, but not the highest contributor(s). Other = the behaviour
did not match any of the above classifications, e.g. the individual punished both lower contributors (social), and the highest contributor (anti-social).

scenario: immunity pro-social anti-social hypocritical other N obs.

Mutual Punishers: non-immune 79% 8% 8% 5% 237

Immune Punisher: non-immune 66% 14% 13% 6% 331

Immune Punisher: immune 49% 14% 34% 3% 77

Sole Punisher: immune 55% 9% 34.5% 2% 110

total: non-immune 72% 11% 11% 6% 568

total: immune 52% 11% 34% 2% 187
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were based in Switzerland, a region that typically has low
levels of anti-social punishment [22,44]? We found that most
‘anti-social’ punishment by immune individuals was hypocri-
tical, that is, individuals punished equal or higher contributors,
but not the top contributor (table 1). Taken alone, this punish-
ment behaviour is consistent with pro-social motives; however,
when combined with a lower contribution, the overall trait
becomes hypocritical and communicates the message, ‘do as
I say, not as I do’. This challenges the view that contributions
and punishment are both altruistically motivated or together
form a single trait.

Finally, we analysed the consistency of each individual’s
punishment behaviour across all five rounds. We found that
among all punishers, both immune and non-immune, only
52% restricted themselves to just pro-social punishment
throughout the experiment (N = 114 of 220 individuals
that punished) (table 2). Therefore, among individuals that
punished, 48% performed at least some anti-social or hypo-
critical punishment at some point in the experiment. These
results further invalidate the view that humans can generally
be described as altruistic or ‘pro-social’ punishers. Instead,
such exploratory behaviour is perhaps more consistent with
confused learners than rational punishers.
4. Discussion
We found that we could decouple cooperation (contributions
to the public good) and punishment, contradicting the altruis-
tic punishment/strong reciprocity hypothesis. When we made
one individual permanently immune to the threat of punish-
ment, they significantly decreased their contributions
(figure 2). Immune individuals also often continued to
punish intermediate contributors, but not the top contributors,
even though immune individuals often hypocritically contrib-
uted less (figure 5, tables 1 and 2). These results still applied to
individuals previously classified as CC [8,36] (electronic sup-
plementary material, figures S3 and S4) and show that
cooperation and punishment are not linked traits, as often
assumed [3,10,12,14].

Instead, our results are consistent with confused individuals
initially contributing and then learning to reduce their



Table 2. Punishment consistency. Classifying the overall punishing behaviour of individuals across all five rounds.

scenario: immunity pro-social only never social botha N individuals

Mutual Punishers: non-immune 62% 6% 32% 63

Immune Punisher: non-immuneb 51% 7% 41% 97

Immune Punisher: immune 37% 33% 30% 27

Sole Punisher: immune 48% 24% 27% 33

total: non-immune 55% 7% 38% 160

total: immune 43% 28% 28% 60

total 52% 13% 35% 220
aThe individual was a social punisher in at least one round, and a non-social punisher in at least one round.
bOne individual punisher was only ever classified as ‘other’, hence totals do not sum to 100%.
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contributions [7]. Declining contributions are often attributed to
frustration among impotent strong reciprocators deprived of the
ability to punish, but that explanation is not possible here. This is
because our immune individualswere (i) surrounded bya stable
level of contributions and (ii) even had the power to punish non-
cooperators. While it is possible that strong reciprocators also
learn, their very existence has been inferred from previous
results that required assuming individuals fully understood
the consequences of their decisions [9,17].

Previous studies had concluded that humans were mostly
altruistic punishers, who liked to match the cooperation of
others (CC) and to punish non-cooperators (‘altruistic pun-
ishment’/‘strong reciprocity’ hypothesis) [3,4,11,14]. Our
results show that these conclusions were based on exper-
iments that confounded a cooperative environment with a
fear of punishment [3]. When an individual is free to contrib-
ute and punish as they want, they often become low
contributors who punish hypocritically [39]. Punishing hypo-
critically increases rather than decreases inequity between
individuals, challenging explanations based on inequity
aversion [42,45–47].

Our results suggest that the pro-social (altruistic)/anti-
social framework is perhaps a poor framework for under-
standing punishment behaviours (table 2). We found that
many punishers, 35%, were inconsistent in their use of pun-
ishment across all five rounds, choosing to punish both
pro-socially and anti-socially at different times. Overall,
apparently pro-social and anti-social punishment appeared
almost equally common, with 48% of all immune punishing
behaviours appearing to be non-pro-social (table 1), and
48% of all punishers, across all scenarios, punishing non-
pro-socially at some point (table 2). While variation in
social strategies or motivations is likely (‘heterogeneous
preferences’ [48]), we think our results demonstrate that
experiments which offer participants multiple behavioural
possibilities are likely to find multiple behaviours, and that
there was no clear preference for altruistic punishment
[29,49]. Our study only tested students based in Switzerland,
so we have to be wary of over-generalizing [50,51]. However,
the original findings of altruistic punishment also used
students in Switzerland [3], and previous studies of anti-
social punishment recorded very low levels of anti-social
punishment in Switzerland [22]. Two sets of results that we
contradict here using a similar participant pool.

We suggest that punishment and cooperation are social
behaviours better understood through the evolutionary
benefits they potentially offer to the actors [52–56]. For
example, punishment can provide reputational benefits
or lead to more cooperation in long-term partners
[27,30,57–60]. The altruistic punishment paradigm has
tested a severely restricted behavioural interaction, but out-
side the laboratory, behaviour is more open-ended, meaning
that would-be punishers face more benefits, but also more
potential costs, such as from retaliation (counter punishment)
or feuds [33,61–66].

The laboratory evidence for altruistic punishment also
suffers from other findings. Specifically, the fact that that
costs of punishment tend to erode any collective gains from
cooperation in such experiments (electronic supplementary
material, figure S5), challenges the idea that altruistic punish-
ment could even be favoured by group selection [67].
Although some evolutionary models work on the assump-
tion that punishment will be sufficiently rare when
altruistic punishers are common, meaning altruistic punish-
ers will not be at too large a disadvantage [10]. However,
our results and other experiments show that the laboratory
behaviours taken as evidence for altruistic punishment in
cooperative societies are frequent and easily triggered [3,22].

It is hard to rationalize hypocritical punishment. Perhaps
some individuals were confused and thought they could
somehow gain from the punishment, either directly, or
indirectly, via a chain of interactions. The frequency of
immune individuals choosing to punish significantly
decreased over time, albeit it slightly (electronic supplemen-
tary material, figure S6), suggesting that individuals may be
able to learn not to punish if the game were long enough.
However, this is a logistical challenge in the perfect-stranger
design where no two individuals can ever meet twice.
Longer experiments with repeated interactions are more feas-
ible, but they are also problematic because they can make
punishment beneficial [33,58,68,69].

In conclusion, the idea that cooperation is maintained
in humans by altruistic punishment appears to be a labora-
tory artefact of previous experiment designs, consistent
with a lack of strong support from ethnographic studies
[31,32,66,70,71]. Our results contradict the altruistic punish-
ment / strong reciprocity hypothesis and support the
hypothesis that many individuals are initially confused in
experiments but learn from experience to contribute less (con-
fused learners hypothesis). Immune individuals contributed
less over time, and our experimental design in the Immune-
Punisher scenario means this cannot be attributed to
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frustration with non-cooperators. The most parsimonious
explanation is that they were initially confused but learned
to contribute less.
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