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Abstract

Humans frequently cooperate to achieve benefits unattainable through selfish behaviour.
Punishment of free-riders is key for sustaining cooperation but also costly, raising questions about
the origins of such behaviour. Some evolutionary models suggest that individuals may be willing
to hurt unknown others in competitive environments. However, empirical evidence about the effect
of the scale of competition on strategies involving hurtful behaviour in human groups, such as
spite, retaliation for hurting, and punishment of free-riders, is missing. Using a laboratory
experiment, we manipulate the scale of competition to investigate its influence on hurtful and
helpful behaviours, between unknown humans in an indirect reciprocity game. We observe distinct
behavioural patterns between local and global competition. When competition is local and thus
confined to take place within isolated groups we find frequent hurting as an expression of spite
and retaliation. In contrast, when competition extends globally across several groups, hurting is
used primarily for punishment of free-riders whereas helping behaviour is rewarded, which
together promotes cooperation. Thus, while isolated competition fosters inefficient, antisocial
behaviour, global competition encourages prosociality and cooperation.
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1. Introduction

Humans cooperate in groups to realize greater joint rewards than individuals can obtain on their
own. Examples range from cooperative hunting among hunter gatherers to collaborative activities
in large societies that bring together individuals with diverse talents [1-3]. Various mechanisms
can support human cooperation [4], such as direct reciprocity, in the forms of direct rewarding
[5,6] and direct punishment [7-9]. These refer to rewarding those from whom a helpful act was
received and punishing those from whom a hurtful act was received. Direct reciprocity typically
requires some degree of stability in relationships and is therefore much less likely to occur in
infrequent or one-shot interactions between individuals who do not know each other, as is common
in large-scale societies. In such environments it is uncertain whether and when one’s actions will
be reciprocated. Even if people do meet again, they may be unable to identify each other or recall
past behaviour. In such cases, cooperation can be sustained via indirect reciprocity [10-13], which
entails rewarding and punishing, respectively, those who help and free-ride on others. Indirect
rewarding and indirect punishment require access to some record of previous behaviour, such as
by gossip or online rating systems.

Importantly, the use of indirect rewarding alone may not be sufficient to sustain
cooperative behaviour in the aggregate because it is costly to the individual and does not provide
immediate individual benefits. Indeed, it has been shown that indirect punishment is crucial for
the success of a rewarding strategy, as it can ensure that rewarders are not exploited by free riders.
Interestingly, only a small fraction of individuals willing to punish is needed to turn rewarding into
a profitable strategy, supporting cooperation even among strangers [14]. On the other hand, the
existence of indirect punishment is puzzling in and of itself, especially since it has been shown to
be among the least profitable strategies [14,15]. One explanation for its persistence is suggested
by evolutionary models that show how hurtful behaviour may emerge when relatedness between
individuals is very low [16-18]. These models focus on the relative performance of various
strategies competing over a closed pool of resources for a fitness advantage in an isolated
environment. When humans interact in such antagonistic conditions, hurting may emerge as a form
of competition instead of a norm enforcement device [19]. Indeed, there is some suggestive
evidence that hurting is not solely used pro-socially to promote cooperation but may also serve
anti-social motives [20,21]. Rather than deterring future free-riding, hurting can reflect a desire to

equalize or surpass others' payoffs or status [19,22]. If competition is sufficiently local and the cost



of hurting low relative to its effect, hurting can be used to change the payoff differentials to one’s
own advantage [23-26]. Small, isolated groups competing over a fixed resource may then favor
spite, a strategy of indiscriminate hurting [27]. Spite can, in turn, be moderated with retaliation, a
strategy of hurting those who hurt others [28]. However, retaliation may reduce cooperation
because it hurts those who are pro-socially punishing free-riders, and may lead to cycles of
retaliatory hurting [29-32].

Pro-social behaviour might alternatively be promoted by external competition between
groups, which introduces selection on multiple levels [33-36]. In theory, group competition may
reduce anti-social behaviour [24], though empirical evidence for its effect on spite, retaliation and
punishment in humans is very scarce. There is only evidence that global competition can decrease
rejections in one-shot ultimatum games and reduce hurting in one-shot money-burning games
[37,38]. To date, there is no evidence on how different competitive environments affect the
emergence and success of hurtful strategies.

Here we explore anti-social strategic behaviour in a laboratory experiment with human
subjects in environments characterized by local and global competition, respectively. Specifically,
we investigate the effect of the scale of competition on the success of various strategies that involve
hurtful behaviour, such as spite, retaliation and punishment. We also examine how indirect
punishment affects the success of rewarding strategies in local competition within a single group
versus global competition across multiple groups. Beyond identifying a source of human anti-
social behaviour, the results of our study may have practical implications. For instance, the recent
shift toward more localized trade reduces competition between countries, potentially leading to a
world where competition occurs primarily in isolated groups within countries. While the economic
and political consequences of autarky are well understood, less is known about its impact on social
behaviour involving strategies of, for example, rewarding, punishment or spite. To explore this,
our experiment isolates the social impact of reduced cross-group competition by shutting down
other economic and political channels through which trade typically affects micro-level dynamics.

In our experiment we stimulate competition with tournament incentives that reward
individuals in a group according to their relative success. That is, an individual’s share in the fixed
reward pie depends on her performance relative to the performance of the other individuals to
whom she is compared. The set of these individuals varies with the scale of competition (local

versus global) implemented in the experimental treatments. Such incentives mimic the theoretical



conditions for the emergence of hurtful behaviour and are widespread, for instance, in the
workplace when earnings are affected by how an individual’s performance ranks among the
performance of others in the group [39,40]. Promotion tournaments and winner-take-all markets
where the best performers reap the highest benefits are also prominent examples [41]. Such
tournament incentives may reduce the benefits from cooperation and create a highly competitive
environment. In promotion tournaments, for example, workers may be motivated to outperform
their peers and may even resort to harmful sabotage [42], as their relative performance is evaluated
by superiors when making promotion decisions [39]. These comparisons can occur both within

and across organizational divisions.

2. The Indirect Reciprocity Game

Matching groups of six human subjects each play 100 periods of an indirect reciprocity game with
punishment [14]. In each period the subjects in a matching group are randomly matched into three
donor-recipient pairs, with each subject involved in one game per period. The donor can help,
snub, or hurt their recipient. Per period payoffs (in points) to the donor and receiver in a pair are

shown in Table 1.

Table 1: Per period payoffs (in points) for donor choices

in the indirect reciprocity game with hurting

donor  recipient

donor helps -200 250
donor snubs 0 0
donor hurts -50 -250

As illustrated in Figure 1, the donor and recipient role assignment is determined randomly
for each pairing, so each individual is a donor in about half of the 100 periods (half were donors
between 48 and 53 times.) Donors decide after observing the recipient’s three most recent
decisions when the recipient was in the role of a donor, indexing her reputation. When the donor
helps this increases the recipient’s period payoff with 250 points but reduces the donor’s period

payoff by 200 points and thus is relatively costly and challenging to sustain. When the donor snubs,
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this changes neither the donor’s nor the recipient’s period payoff. Finally, when the donor hurts
this reduces the donor’s and recipient’s period payoff with 50 and 250 points, respectively, and is
thus harmful individually and socially. Individual earnings in points are accumulated across the
100 periods. Importantly, points are not directly translated into payoff. Instead, participants earn
money according to a fournament scheme, based on their relative position in the final point

rankings.
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Figure 1: Illustration of an individual period of the Indirect Reciprocity Game

We implemented two treatments that differ in only one respect, namely how point rankings
determine monetary earnings, reflecting a difference in the scale of competition. In Local
Competition (LOC), points rankings are determined within each group of six. Participants are
ranked from 1 to 6 according to their accumulated points. The participant ranked  earns 34 — 4r
euros. In the Global Competition (GLO) treatment, four groups of six play the game in parallel.
Each subject only interacts with members of their own group but the accumulated point earnings
of all 24 participants are ranked and monetary earnings depend on these ranks. The four
participants with the highest accumulated points all earn according to rank 1, the four participants
with the next highest accumulated points all earn according to rank 2, etc. Thus, the final
distributions of payoffs are the same by construction in the two treatments, making them directly
comparable (see the Methods section). The design choice to limit interactions in the GLO condition

to the members of their own group, instead of all members of the four groups, allows us to isolate



the social consequences of the competition level, abstracting from confounding effects linked to
direct interactions with the members of the other groups.

One potential limitation of our setup is the choice to use groups of only six participants.
This protocol was chosen to be able to collect data from a sufficient number of parallel groups at
reasonable costs. With 100 periods of interaction, however, there is the possibility that participants
might recognise others through their previous decisions. To minimise this risk, the identity of the
interaction partner is not revealed in any period, nor can participants be paired with the same
individual in consecutive periods. It is well-established that cooperation in social dilemma games
breaks down rather quickly in settings of so-called random stranger matching as the one we
implemented ([8],[43]) suggesting that repeated-game effects are rare under such matching
schemes. Moreover, a comparison of random strangers matching [8] and perfect strangers
matching, a protocol wherein no pair meets twice [44], reveals no substantial differences in
behaviour between the two environments.

Subjects were informed about the ranking procedure and earnings calculation before the
first period. As is common in experiments with competition across groups [45-47], subjects
received no information about any others’ accumulated point earnings until the end of the
experiment. In each round the recipients received only the information about the action chosen by
their donor in their own pair. Further details on the experimental procedures and instructions are

presented in the methods section and in the supporting online material [48].

3. Results

Figures 2 and 3 display the overall action frequencies by period in the two treatments, pooled
across all experimental sessions. The (blue) Help frequency is clearly much higher in the GLO
treatment than the LOC treatment for nearly all periods, and the (purple) Hurt frequency is clearly

higher in the LOC treatment. Treatment differences are even evident in the initial periods.
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Figure 2: Overall Action Frequency by Period for GLO Treatment
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Figure 3: Overall Action Frequency by Period for LOC Treatment

Note that in the final 10 rounds the Help frequency falls dramatically in the GLO treatment,
and the Hurt frequency increases substantially in the LOC treatment. We follow common practice
in experimental economics and reduce the influence of end-game effects on conclusions by

restricting our analysis to behaviour in the first 90 periods (for a similar approach see [13,14,49-



51]). (Our conclusions are qualitatively robust to including all 100 periods; we report the results
including all periods in the supplementary online material [48].) At the aggregate level, we find
that participants help significantly more often (45% vs. 11%) and hurt significantly less frequently
(9% vs 25%) when the tournament competition is at a global level (GLO) than when it is at a local
level (LOC). These differences are statistically significant (Table 2) and show that global

competition reduces hurting and increases helping, relative to local competition.

Table 2: Frequency of actions chosen in the indirect

reciprocity game by level of competition

LOC GLO p-value
help 11% 45% 0.0004
snub 64% 46% 0.1184
hurt 25% 9% 0.0056

Notes: p-values (two-tailed) compare LOC and GLO and are based
on Monte Carlo permutation tests with groups of six as unit of

observation; N=14 in LOC and N=12 in GLO.

Treatment differences are even evident in the initial periods. In period 1 hurting is already
four times more frequent in LOC than in GLO, but at a lower level than in later periods. Due to
considerable variation across sessions this difference is not statistically significant in period 1. But
across all early periods 1 to 10 the hurting rate in LOC is already significantly greater than in GLO
(permutation test p-value=0.013), and subjects are also less helpful in LOC in these early periods
(p-value<0.001).

To better understand the differences in action frequencies, we examine the underlying
strategies used by subjects [10,12,14,51-54]. We distinguish between seven strategies (Table 3) by
adapting the method developed in [14] and consider the frequencies with which they are used and
the payoffs they generate. Details of our classification procedures are provided in the
supplementary online material [48].

Strategies are classified along two dimensions: whether they are ‘self-regarding’ or ‘other-
regarding’ and whether they are ‘unconditional’ or ‘conditional’. The simplest three strategies are

unconditional, prescribing an action irrespective of the recipient’s reputation, i.e., their recent



actions as a donor. The ‘Defector’ strategy snubs, the ‘Altruist’ strategy helps and the ‘Spiteful’
strategy hurts.

Table 3: Strategies in the indirect reciprocity tournament with hurting

Self-regarding Other-regarding
Positive Negative
Unconditional Defector Altruist Spiteful
Conditional Cautious Rewarder Punisher,
Retaliator

Conditional strategies make the action choice dependent on the recipient’s (or the donor’s
own) reputation. The ‘Cautious’ strategy considers just the donor’s own history as a recipient and
helps only when its own reputation contains many snubs. The ‘Rewarder’ strategy helps recipients
who have often helped but snubs others. The ‘Punisher’ strategy hurts recipients who fail to help
but not those who often hurt others. The latter exclusion is to accommodate the ‘Retaliator’
strategy, which hurts only the recipients who often hurt. The Altruist, Rewarder and Punisher
strategies are pro-social, promoting help and sanctioning snub, respectively. The Defector and
Cautious strategies are selfish and free-ride on the other’s help. The Retaliator and Spiteful
strategies are anti-social, focused on the destruction of receivers’ points.

More than 86% of the participants in our experiment can be classified in the categories of
Table 3. Figure 4 shows for each treatment the frequency distribution across categories. In GLO,
we observe many more Rewarders (31%) and Punishers (21%) than in LOC (6% and 8%,
respectively; comparison between treatments: Rewarders p-value=0.012; Punishers p-
value=0.044, permutation tests). These two strategies promote pro-social behaviour and increase
social efficiency. We observe no Spiteful and far fewer Retaliator strategies in GLO (1%) than in
LOC (where we observe 10% and 21%, respectively; both p-values<0.01 for cross-treatment
differences). These promote anti-social behaviour that involves hurting, destroying resources
without inducing helping behaviour in recipients [16,22]. These differences in strategies used lead

to less hurting and more helping in GLO than in LOC, as theorized by [24].
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Figure 4: Relative frequencies of strategies used in the two treatments. Based on permutation tests with
groups as unit of observation [46], Spiteful and Retaliator strategies are significantly more frequent in LOC
than in GLO; Rewarder and Punisher strategies are significantly more frequent in GLO than in LOC. Other
differences are statistically insignificant; see [48].

Whether these differences in strategy use are sustainable in the long run depends on their
fitness, as measured here by the payoff consequences of using them. A strategy is successful if it
provides higher earnings than other strategies. The monetary earnings of each strategy shown in
Figure 5 are based on the average point earnings received in the donor and receiver roles,
normalized with equal weights to each role average. We assign the monetary tournament payoffs
based on the rankings of these normalized point earnings, and for each strategy calculate the
average of these tournament payoffs across participants who apply the same strategy.

In GLO, rewarders earn significantly higher payoffs than any other strategy, suggesting
that global competition makes rewarding—and thus conditional pro-sociality—profitable. By
contrast, in LOC defector and rewarding strategies are equally profitable and earn more than
punisher and spiteful strategies. Thus, in isolated groups the rewarding strategy has no advantage
over defecting and may not be sustainable in the long run. Thus, with global competition
cooperative rewarders have a fitness advantage vis-a-vis the non-cooperative defectors that they
do not have in isolated groups. This suggests that in the long run, less pro-social behaviour will

occur in isolated groups.
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Figure 5: Monetary payoffs of the different strategies used in the two treatments. Only strategies used by
at least five participants (in total) are shown. Payoffs in LOC are ordered Defector = Rewarder = Retaliator;
Defector = Rewarder > Punisher but Retaliator = Punisher; and all 4 strategies > Spiteful, where “>" denotes
a statistically significant difference at the 10% level or lower and “="" denotes a statistically insignificant
difference with p>0.1 (based on cross-sectional regressions with standard errors clustered on matching
groups; see the supplementary online materials [48] for p-values). In GLO payoffs are ordered Rewarder >
Punisher = Defector. Normed earnings are constructed from mean payoffs in each (donor and recipient)
role to give equal weights to the roles rather than unequal weights due to random role assignment. The
corresponding strategy payoffs in points are presented and discussed in the supplementary online materials
[46]. Error bars indicate £SE of these average payoffs.

The relatively high fitness of the rewarder strategy in GLO is likely due to the (near)
absence of the anti-social strategies spiteful and retaliator. In contrast, these strategies are
frequently observed in LOC. The persistence of spite is somewhat surprising given its substantially
lower monetary payoffs compared to all alternative strategies. This casts doubts on the
evolutionary stability of spite in this environment. Retaliation is more profitable and frequent than

spite and may be an alternative source of hurting between humans.

4. Discussion

Success in competition frequently depends on relative performance, as in the form of the
tournament rankings introduced in our experiment. Yet the strategies that succeed in such
interactions remain poorly understood. In particular, there is limited insight into how human pro-
social behaviour fares in competitive environments. Our results highlight that the scale of

competition—whether local, within individual groups, or global, spanning multiple groups—plays
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a pivotal role in shaping the development of pro- and anti-social behaviour and strategies within
this framework. Local competition fosters more hurtful behaviour—based on strategies involving
spite and retaliation— compared to global competition. In contrast, global competition promotes
pro-social behaviour—based on rewarding and pro-social punishment strategies—and yields the
highest relative payoffs to those who engage in helpful behaviour.

The persistence of a spiteful strategy—when competition is local—despite its substantially
lower monetary payoff is striking. Evolutionary biology offers several explanations for its
persistence. Like altruism, spite can evolve in theory through correlated interactions among kin,
though such equilibria tend to be unstable [16, 27]. It can evolve through negative assortment [55]
and be maintained in specific interaction structures [56,57]. Our results show that in addition the
occurrence and stability of spite depend on the scale of competition. This supports the prediction
of the theoretical models regarding the role of the scale of competition for the evolution of spite
and cooperation [24].

The adoption of spiteful and competitive behaviour in local competition documented here
is reminiscent of some recent studies that observe increased willingness to compete with, and
increased aggression towards, in-group members [58,59]. This highlights that in-group favouritism
can be context specific. Our experiment demonstrates that the competition over a fixed set of
resources within a group can trigger competitive and spiteful in-group behaviour.

Our results also offer new insight to understanding the consequences of the isolationist
policies that are becoming increasingly popular around the world. Well-known disadvantages of
1solation include economic inefficiencies that arise from trade barriers, reduced trust between
nations, and lower collective action between nations aimed at addressing global-level public goods
issues. Our findings identify another negative consequence of isolation; it weakens the fitness of
pro-social strategies, promotes anti-social behaviour and reduces intra-group pro-sociality.
Isolation may thus weaken not only the cooperation between nations, but also cooperation within

nations.

5. Methods
156 subjects participated in the experimental sessions that were conducted at the CREED
laboratory of the University of Amsterdam between 2006 and 2019. Participation was voluntary

and subjects were recruited through email announcements from a standard university subject pool,
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with approval from the Ethics Committee Economics and Business at the University of Amsterdam
(approval reference 20190128040115). Each experimental session lasted approximately 60
minutes. Subjects' total earnings in euros were determined by the relative ranking of the points
(denoted by ‘francs’ in the experimental instructions) earned over all the rounds of the indirect
reciprocity game. The only difference between the treatments is how the ranking determined these

euro earnings, as shown in Table 4. By design, average earnings were 20 euro in both treatments.

Table 4: Euro earnings as determined by points ranking

Local Competition (LOC) Global Competition (GLO)

Separate groups of six participants four groups of six participants in parallel

Highest ranked in points: 30 euro | Highest ranked 1-4: 30 euro each
Second-highest ranked in points: 26 euro | Ranked 5-8: 26 euro each
Third-highest ranked in points: 22 euro | Ranked 9-12: 22 euro each
Fourth-highest ranked in points: 18 euro | Ranked 13-16: 18 euro each
Fifth-highest ranked in points: 14 euro | Ranked 17-20: 14 euro each
Lowest ranked in points: 10 euro | Ranked 21-24: 10 euro each

Each subject participated in only one session and none had previously participated in a
similar experiment. Subjects were seated in separated cubicles, which ensured anonymity during
the experiment. We consider each group of 6 subjects as one independent observation, because
subjects only interacted with the other 5 subjects in their group.

The experiment was computerized and all interactions took place anonymously through
computers. The supplementary online materials [48] contain the instructions script provided to
subjects. At the end of an experimental session subjects were paid their euro earnings in private
and in cash. In all treatments, subjects were informed of the matching procedure, the number of
rounds, and how to calculate the payoff. The experiment was neutrally framed. The donor’s
choices were called ‘blue’ (help), ‘green’ (snub) and ‘purple’ (hurt).

Each session consisted of 100 rounds of the experimental game. In each round each six-
subject cohort was randomly partitioned in three donor—recipient pairs. Therefore, pairing was

independent of previous choice, distinguishing it from theoretical models such as [60]. A recipient
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received no information about her donor and made no decision. A donor, however, learned the

most recent three decisions made by her recipient.

By choosing between the three colours the donor decided whether she would help, hurt or

snub the recipient. The recipient learned her donor’s chosen colour and her own earnings in each

round only after all donors had made and confirmed all their decisions. The round number was

always visible and both the donor and the recipient could always access the information they

observed and their own decisions in all past rounds. In each round a pair of matched subjects only

saw the decision of the donor in their pair.
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