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Between-group conflict and within-group cooperation can be seen as two sides of the same coin, coevolving in a
group-structured population. There is strong support for between-group competition facilitating the evolution of
human cooperative tendencies, yet our understanding of how competition arises is less clear. We show that
groups of randomly assembled individuals spontaneously engage in costly group competition, and that decisions
promoting between-group conflict are associated with high levels of within-group cooperation. Remarkably,
when groupswere given the possibility to compete against other groups, net earnings for individualswere higher
than when groups were not allowed to interact. The joint emergence of conflict and cooperation along even
weakly defined group boundaries, and the apparent benefits of this strategy, suggest the existence of behavioral
biases influencing human social behavior and organization.
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1. Introduction

Extensive cooperation among unrelated individuals, as displayed by
humans, presents an evolutionary puzzle. Beginning with Darwin, sci-
entists have proposed that aggressive between-group competition is a
critical component of human social organization that has been instru-
mental in shaping cooperative tendencies (Alexander, 1979, 1990,
2006; Boyd & Richerson, 2009; Darwin, 1871; Flinn, Geary, & Ward,
2005; Gat, 2006; Hamilton, 1975; Henrich, 2004). Support for this hy-
pothesis comes from studies showing that violent intergroup conflicts
have been frequent and severe enough in primitive human societies to
have favored the evolution of individually costly traits that increase a
group’s success in conflict (Bowles, 2009). Furthermore, experimental
studies consistently report that interactions between groups tend to
bemore competitive than interactions between individuals, a phenom-
enon known as interindividual–intergroup discontinuity (Wildschut &
Insko, 2007). This discontinuity has been reported to extend to aggres-
sive behavior (Meier & Hinsz, 2004). However, the reasons why group-
against-group aggression is so common in humans, and rare in other an-
imals, are not well understood (Gat, 2009).

Coalitionary aggression, as displayed by humans, is not simply the
sum of individual aggression, but a complicated game of coordination
and cooperation along group boundaries. Hence, coalitional aggression
may place strong adaptive demands on individuals to acquire and pro-
cess social information that allows them to make effective decisions
(Tooby & Cosmides, 1988). In this respect, empirical evidence suggests
that humans possessflexible responses to problems of within-group co-
hesion and between-group aggression. Specifically, individuals typically
treat other groups as benign unless they pose sufficient threat to re-
sources or cultural institutions, at which point individuals are willing
to promote inter-group hostilities (Halevy, Bornstein, & Sagiv, 2008;
Riek, Mania, & Gaertner, 2006; Sherif, Harvey, White, Hood, & Sherif,
1988) Furthermore, individuals cooperate more with group members
under conditions of inter-group competition compared towhen compe-
tition is absent (Bornstein, Erev, & Rosen, 1990; Burton-Chellew, Ross-
Gillespie, & West, 2010; Egas, Kats, van der Sar, Reuben, & Sabelis,
2013; Puurtinen & Mappes, 2009).

Importantly, recent theoretical studies suggest that intergroup hos-
tility and within-group cooperation can select for one another, with
hostility spawning direct conflict between groups, andwithin-group co-
operation increasing the group’s success in conflicts (Choi & Bowles,
2007; Garcia & van den Bergh, 2011; Lehmann, 2011; Lehmann &
Feldman, 2008). That is to say, we can expect that the expression of
either within-group cooperation or between-group hostility to facilitate
the expression of the other. However, research shows that the two are
not necessarily expressed together (Brewer, 1999; Cashdan, 2001;
Koopmans & Rebers, 2009; Pan & Houser, 2013). Thus, whilst the two
behaviors can be fundamentally linked in an evolutionary sense, in-
dividuals appear to show a nuanced response to their social situation
that does not take the connection for granted. It is thus clear that
there is much left to understand about the links and feedbacks be-
tween individual decisions and the emergence of hostile between-
group interactions.

The complexity involved in social strategies and intergroup interac-
tions imply that individuals may possess an information-processing
system capable of motivating beneficial responses to the social environ-
ment. One critical aspect of the social environment that could influence
decisions about within-group cooperation and between-group aggres-
sion is the variability of cooperationwithin and between groups. In par-
ticular, individually costly group-beneficial behaviors are expected to be
within-group cooperation, Evolution and Human Be-

http://dx.doi.org/10.1016/j.evolhumbehav.2014.11.005
mailto:mikael.puurtinen@jyu.fi
http://dx.doi.org/10.1016/j.evolhumbehav.2014.11.005
http://www.sciencedirect.com/science/journal/
http://dx.doi.org/10.1016/j.evolhumbehav.2014.11.005


2 M. Puurtinen et al. / Evolution and Human Behavior xxx (2014) xxx–xxx
selected for when within-group variability in cooperativeness is low
and between-group variability is high (Okasha, 2006; Price, 1972). It is
thus possible that individually costly cooperation and aggression can
be influenced by observed levels of variation in cooperativeness within
and between groups.

We designed a decision-making experiment that involves choices of
both between-group interaction and within-group cooperation. More
specifically, we wanted to test i) if individuals decide to promote
between-group competition even when competition is costly, ii) if pro-
motion of between-group competition is associated with high level of
within-group cooperation, iii) what the consequences of endogenously
determined group interactions are on individual and collective welfare,
and iv) whether individual changes in behavior are correlated with
levels of within- and between-group variability in cooperation. The ex-
periment was designed to limit any influence of reciprocity, reputation,
costly signaling or coercion as an attempt to unravel the behavioral
biases that may drive the dynamics of social interactions even in a situ-
ation of limited information.

2. Material and methods

2.1. General experimental procedures

Subjects to the study were recruited from all faculties in the Univer-
sity of Jyväskylä with emails sent to student mailing lists, announcing a
study involving playing a game on a computer and a chance to earn
money. The game sessions were held in two computer classrooms
with 12 computers. Each computer was in a separate cubicle with a
cloth covering the entrance. The subjects received instructions to the
game on a sheet of paper (English translations of the original instruc-
tions in Supplementary Material, available on the journal's website at
www.ehbonline.org).

After everyone had read the instructions, the subjects were asked to
put on earmuffs to exclude any auditory disturbance, and the experi-
menter started the computer software. The software first presented a
series of questions tomake sure that everyone understood the structure
of the game. After all the subjects in the session had correctly answered
all questions, the game started and ran automatically until the last
round. After the last round, the experimenter handed out a question-
naire asking some background information about the subjects (age,
sex, etc.), and about motivations for their decisions in the game. After
subjects had filled in the questionnaire, they were individually excused
and paid in cash the amount of Euros corresponding to their earnings in
the whole game session.

2.2. Experimental treatments

We conducted public goods experiments with two treatment condi-
tions. In the Public Goods (PG) treatment, subjects played the basic pub-
lic goods game with changing group composition between rounds. In
the Public Goods with Choice (PGwC) treatment, subjects played a sim-
ilar public goods game, but also decided how groups divide their earn-
ings. We executed four sessions of the PG treatment and six session of
PGwC treatment. Each session had 24 subjects, so altogether 240 sub-
jects participated in the study. Sessions consisted of 30 game rounds.
In each round, subjects interacted in groups of four. Between each
round, the subjects were randomly reallocated to new groups.

In the PG treatment, each subject received an endowment of 20
money units (MUs) in the beginning of the round. The subjects then de-
cided how to allocate the endowment between a private account and a
group project. Each subjectmade the allocation decision independently,
without knowing the decisions of other subjects. After all subjects had
made their decision, the total amount ofMUs allocated to the group pro-
ject was doubled by the experimenter and divided equally among the
four groupmembers. Subjectswere then informed about the allocations
and resulting pay-offs of all groupmembers. Following this, the subjects
Please cite this article as: Puurtinen, M., et al., The joint emergence of group
havior (2014), http://dx.doi.org/10.1016/j.evolhumbehav.2014.11.005
were presentedwith a comparison of the total amount ofMUs allocated
to the group project between their own group and another, randomly
chosen group. The comparison had nomonetary consequences, but pre-
vious research has shown that mere comparison between groups elicits
higher levels of cooperation (Böhm & Rockenbach, 2013; Burton-
Chellew & West, 2012). By incorporating between-group comparisons
to both treatments, we control for the group comparison effect. The
comparison between groups ended the game round in the PG treat-
ment. The pay-off structure of the PG treatment is a social dilemma
where allocating 1 MU to the group project returns 0.5 MUs; thus it is
in the material self-interest of any subject to keep all MUs privately, ir-
respective of how much the other three subjects contributed. Yet, indi-
viduals will only earn 20 MUs if all group members keep their MUs
privately, whereas individuals can earn (20 × 4 × 2)/4 = 40 MUs if
each group member allocates their 20 MUs to the group project.

The PGwC treatment was similar to the PG treatment, except that
subjects made a choice between three options for desired interaction
with a randomly chosen out-group: ‘separate’, ‘competition’, or
‘equal division’. In ‘separate’, like in the PG treatment, groups
would be compared with no monetary consequences. In ‘competi-
tion’, the more cooperative group would win money from the less
cooperative group. In ‘equal division’, earnings would be divided
equally between groups, with the more cooperative group giving
money to the less cooperative group. ‘Equal division’ can be seen as
a benign complementary option to ‘competition’. The exact pay-off
of consequences of group interaction types are described inmore de-
tail below. The decision about the group interaction type was made
simultaneously with the decision on allocating the endowment,
and without knowing the decisions of other subjects.

The group decision of the interaction typewas determined by simple
majority voting, or in case of a tie, by random draw between the tied
choices. After all subjects in a group hadmade their choices, the total al-
locations to the group project were doubled by the experimenter and
divided equally among the four group members. The subjects were
then informed about the choices and pay-offs of their group members,
and about the interaction type decided by the group. Following this,
the groups were paired randomly for interaction, and the type of inter-
action was determined by the decisions of the paired groups. If both
groups had chosen the same interaction type, that interaction was im-
plemented. If the groups had chosen different interaction types, ‘compe-
tition’ dominated over ‘separate’ and ‘equal division’, and ‘separate’
dominated over ‘equal division’. This dominance hierarchy was chosen
as it mirrors a natural hierarchy of interactions; aggressive interaction
requires only one aggressive party, but generosity between parties re-
quires that both parties agree to be generous.

The pay-off consequences of the group interaction types were as fol-
lows: In ‘separate’, the groups were compared with no consequences to
the pay-offs. In ‘equal division’, the total earnings between the two
groups were leveled. Each member of the group that had earned more
lost an equivalent of one-eighth of the difference in the total invest-
ments of the groups, and each member of the group that that had
earned less gained an equal amount of MUs. After ‘equal division’, the
average earnings between groups were thus equal, but pay-off differ-
ences within groups were not altered. In ‘competition’, each member
of the group that had earned more gained an equivalent of one-half of
the difference in the total investments of the groups, and each member
of the group that that had earned less lost an equal amount ofMUs. Neg-
ative earnings were not allowed. In case some group member did not
have enough tokens to cover the losses, other members of the group
covered the losses theplayerwas not able to pay. If total losses exceeded
total earnings of the group, the group lost all tokens earned during the
game round. The winning group could win only as many tokens as the
losing group held. Additionally, when competition was implemented,
1 MU was deducted from all subjects in both groups as a cost of group
competition (no deduction was made for subjects holding zero tokens).
The cost of group competition signifies the costs involved with
competition andwithin-group cooperation, Evolution and Human Be-
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intergroup aggression, and results in ‘competition’ being less profitable
than ‘separate’ or ‘equal division’when allocations to the group project
are the same (see below).

The pay-off structure in the PGwC treatment is such that in any one
round, the best allocation decision is to allocate the whole endowment
to the private account. Allocating everything to the private account is
clearly the best option in both ‘equal division’ and ‘separate’ group
interaction types: allocating 1MU to the group project returns only
0.375 MU in ‘equal division’ and 0.5 MU in ‘separate’. In ‘competition’
allocating 1 MU to group project returns 1 MU (0.5 MU from the
group project plus 0.5 MU from the other group), making personal in-
come independent of the allocation decision (see also Puurtinen &
Mappes, 2009). Allocating to the group project thus never has a positive
return. Because a subject cannot be certain which group interaction
type will be implemented, the best choice is to allocate everything to
the private account.

The best choice of group interaction type depends on the allocation
decisions made by the subjects in each group. ‘Equal division’ is the
best choice when the out-group allocates more to the group project
and also chooses ‘equal division’, as this results in transfer of MUs to
the group of the focal individual. For ‘competition’ to be the best choice,
the total allocations in the focal individual’s group need to bemore than
2 MU greater than the allocations of the competing group to offset the
personal 1 MU cost of group competition. The explicit cost of group
competition, together with the random assortment of subjects into
groups on each round, renders the expected pay-off from ‘competition’
to be less than from either ‘equal division’ or ‘separate’ (assuming iden-
tical allocations to the group project). Pay-off from ‘equal division’ can
be either larger or smaller than pay-off from ‘separate’, depending on
the allocation decisions of subjects in each group. However, the expect-
ed pay-off does not differ between the two interaction types. The com-
bination of choices in any one round that maximizes the expected net
income is thus to allocate nothing to the group project and to choose ei-
ther ‘equal division’ or ‘separate’ as the type of group interaction.

Some researchers express concern about the validity of generalizing
the results of such economic games to reality, chiefly owing to observed
differences betweenbehaviors in and out of games and due to contextu-
al variation (Levitt & List, 2007a, 2007b). However, all empirical
approaches have their limitations and it is only in the use of comple-
mentary approaches that the predictions of theory can be scrutinized.
In this regard, it is important to consider the virtues of lab experiments
in controlling the influence of exogenous factors, creating situations
that are relevant to theory but not easily found in nature, manipulating
only the factors of interest, and providing direct observation of the
decision-making process (Falk & Heckman, 2009; Levitt & List, 2007a,
2007b). In this respect, our experiment provides a sound test for the ex-
istence of behavioral biases, independent of confounding influences
that come from reputation, reciprocity and communication. We are
able to focus explicitly on decisions about within- and between-group
interactions in a simple system that is free from social institutions and
other externalities. Importantly, we have also limited individual access
to information about the likely consequences of group interaction by
forcing them to make group-interaction decisions simultaneously with
cooperative decisions. Thus, we can infer that any tendencies regard-
ing the inter-group interaction decision were independent of inter-
group assessment. In general, the qualitative patterns observed in
lab experiments are typically considered to be reliable, and con-
trolled experiments are considered necessary for empirical testing
of scientific hypotheses (Falk & Heckman, 2009; Levitt & List,
2007a, 2007b).

2.3. Statistical analyses

To assess the effect of treatment (PG vs. PGwC) on average invest-
ments and net earnings, we fit full and reduced models with SPSS
MIXED procedure using maximum likelihood estimation, and compare
Please cite this article as: Puurtinen, M., et al., The joint emergence of group
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the fit of the models with likelihood ratio tests. Response variables
are session means for investment and net earnings for each game pe-
riod. Sessions are defined as subjects, and game period is a repeated
measure with first-order autoregressive moving average covariance
structure. In the full model, we included treatment (PG vs. PGwC),
game period (covariate), and treatment by game period interaction
as fixed effects. Parameters for the final model were estimated with re-
stricted maximum likelihood.

Factors affecting individual investments to group project in the
PGwC-treatment were analyzed by fitting full and reduced models
with SPSS MIXED using maximum likelihood estimation, and compar-
ing thefit of themodelswith likelihood ratio test. In themodels, individ-
uals are defined as subjects, and game period is a repeated measure
with first-order autoregressive moving average covariance structure.
Session is included as a random factor (random intercept). Fixed factors
were individual’s vote for group interaction type (equal division, isolate,
or competition), game period, and the interaction between vote and
game period. Parameters for the final model were estimated with re-
stricted maximum likelihood.

We analyzed the effect of within- and between-group variability in
allocations on individual voting behavior in the PGwC-treatment with
a generalized linear mixed model using SAS 9.4 (SAS Institute). We
used a binomial response distribution with a logit link function for
whether or not an individual voted ‘competition’. The within-group
standard deviation of allocations and the standard deviation of total al-
locations between groups in the game period preceding a vote were
used as predictors. Consequently, the first game period was not includ-
ed in the analysis. Gameperiodwas treated as a repeatedmeasurewith-
in individual subjects, and autocorrelation was accounted for with a
first-order autoregressive moving average covariance structure. Addi-
tionally, we used planned polynomial contrasts to test for a linear rela-
tionship between game period and competition vote. Parameters
were estimated by residual pseudo-likelihood. We allowed each
session to have a separate intercept by including it as a random fac-
tor, but the variance due to session was estimated to be zero and
session was thereby removed from the final model. The degrees
of freedom were calculated using the methods of Kenward and
Roger (1997). We excluded individuals that expressed uncondi-
tional voting behavior from this analysis.

3. Results

Looking at the decisions about group interaction we find that, con-
trary to the expectations of rational pay-off maximizing strategy, ‘com-
petition’ was the most frequent choice for group interaction in the
PGwC treatment (60.3% of all choices made by the subjects). In the
first game round, ‘equal division’, ‘separate’, and ‘competition’ were
chosen approximately equally often, but in later game rounds ‘competi-
tion’ became the most frequent choice (Fig. 1A). Choices for ‘equal divi-
sion’ and ‘separate’ were approximately equally common throughout
the game (20.5% and 19.2% of all choices, respectively), with the fre-
quency of both declining as the game proceeded. ‘Competition’ was
also the most frequently implemented type of interaction, due to both
the high frequency of choices for ‘competition’, and the dominance of
competition over the other two interaction types (Fig. 1B). ‘Separate’
was implemented relatively frequently in the first rounds of the game,
with frequency declining towards the end of the game. ‘Equal division’
was implemented sporadically throughout the game, due to both the
low frequency of choices and to the subordination of ‘equal division’
to the other types of group interaction.

Looking at the relationship between decisions about within-group
cooperation and group interaction, we find that the allocations to the
group project in the PGwC-treatment differed depending on the type
of group interaction chosen by the subject (Fig. 2, Table 1).When choos-
ing ‘compete’, subjects allocated on average 14.3 MU to the group
project, and this level stayed nearly constant throughout the game.
competition andwithin-group cooperation, Evolution and Human Be-
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quency of implemented group interaction types (B) in the PGwC-treatment. Lines indicate
the mean of the six replicate sessions, and the error bars indicate 95% parametric confi-
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When choosing ‘separate’, subjects allocated on average 6.6 MU, with
allocationsdecreasing as the game proceeded.When choosing ‘equal di-
vision’, subjects allocated on average only 3.3 MU.

To study the effects of being able to choose group interaction type on
the level of cooperation and net earnings, we compare the two treatment
conditions. The level of within-group cooperation (i.e., allocations to the
group project) was significantly higher in the treatment with a choice of
group interaction type (PGwC) than in the treatment without choice
Game period
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Fig. 2. Allocations to the group project depending on the choice of group interaction type
in the PGwC-treatment. Lines indicate themean of individual allocation decisions, and the
error bars indicate 95% parametric confidence interval. Red: competition; blue: separate;
green: equal division.
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(PG; see Table 2). In PGwC, average allocations to the group account
remained at approximately 10 MU throughout the game, whereas in PG
the allocations started at a lower level and declined as the game
proceeded (Fig. 3A). The higher level of cooperation in PGwC compared
to PG was due to high allocations from subjects that chose ‘competition’
in PGwC. Thus, provided that the costs of between-group competition re-
mainmoderate, and that competition is based onproduction of goods, the
possibility to engage in direct between-group competition can have pos-
itive social consequences. However, when competition is based on non-
productive conflict expenditures, competition between groups can also
drastically reduce social efficiency (Abbink, Brandts, Herrmann, & Orzen,
2010, 2012; Leibbrandt & Sääksvuori, 2012).

The higher level of cooperation in PGwC also resulted in higher net
earnings in PGwC compared to PG (Fig. 3B, Table 3), despite the 1 MU
cost of group competition that was deducted from each subject when
group competition was implemented. In PGwC, the average net earn-
ings per round were 29.5 MU, showing no temporal trend of decrease
or increase. In PG, the average net earnings per round were 25.6 MU,
showing a rather constant decline from around 27 MU in the first
rounds and declining to close to 24 MU by the end of the game. Note
that subjects earn 20 MU per round when there are no contributions
to the group project.

Looking at the behavior of individual subjects, only 9 out of the 144
subjects (6.25%) in the PGwC treatment consistently chose only one
type of group interaction (eight subjects always chose ‘competition’
and one always chose ‘equal division’). The remaining 135 subjects
changed their preferred type of group interaction once or more. Chang-
es in the choice for group interaction type happened 1604 times, which
is 38.4% of consecutive choices.

Finally, there was a significant negative effect of within-group vari-
ability (F1,3809 = 14.11, P b0.001; Fig. 4A) and a significant positive ef-
fect of between-group variability (F1,3664 = 18.24, P b0.001; Fig. 4B)
in allocations to the group project on the probability that an individual
voted for ‘competition’. All else being equal, every additional MU to
the standard deviation of allocations within group decreased the odds
of voting for ‘competition’ by 5%, whilst increases in the standard devi-
ation of allocations between groups increased the odds of voting for
‘competition’ by 2%. Additionally, there was a significant effect of
game period on voting for ‘competition’ (F28, 3470 = 2.17, P b 0.001).
Planned polynomial contrasts indicated that the probability an individ-
ual voted for ‘competition’ increased significantly over subsequent
game periods (F1, 351.7 = 15.22, P b 0.001; Fig. 1A). All else being
equal, an individual was 65% more likely to vote for ‘competition’ in
the final game period than in the second game period.

4. Discussion

The results demonstrate that a competitive environment at the
group level readily emerges from decisionsmade by individual subjects.
Furthermore, the decision to act competitively toward other groups co-
incidedwith the decision to cooperatewith groupmembers. Important-
ly, individuals had greater net earnings in populations that adopted this
strategy compared to the control sessions inwhich competitive interac-
tions were prohibited. Apparently, people can be comfortable withmak-
ing decisions promoting between-group competition and are ready to
invest to the success of their own group, evenwhen such investments re-
duce payoffs relative to their own group members. Such behavioral pre-
dispositions may underlie the well-known tendency for humans to form
a social environment that is characterized by persistent inter-group com-
petition and within-group cooperation. The question that remains, how-
ever, is how and why do individuals approach a strategy of joint within-
group cooperation and between-group competition?

Theoretical studies have demonstrated that simple genetic polymor-
phisms coding for within-group cooperation and between-group con-
flict can coevolve (Choi & Bowles, 2007; Garcia & van den Bergh,
2011; Lehmann, 2011; Lehmann & Feldman, 2008). We show that a
competition andwithin-group cooperation, Evolution and Human Be-
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Table 1
Analysis of factors affecting individual investments in the PGwC treatment. V = group in-
teraction vote (‘equal division’, ‘isolate’, or ‘compete’), P = game period (covariate),
D = difference in the deviances of the compared models, df = difference in the
number of parameters of the compared models, P = P-value associated with the ob-
served D and df, calculated from the chi-square distribution.

Factors −2 Log Likelihood

V, P, V*P 25861.76
V, P 25884.05
V 25893.65
P 28411.52
Null (intercept) 28412.93

D df P

V, P, V*P vs. V, P 22.32 2 b0.001
V, P vs. V 9.56 1 0.002
V vs. Null 2519.28 2 b0.001

The final model estimated with REML had estimated repeated measures covariance pa-
rameters (s.e): diagonal 32.92 (1.38), rho .95 (.01), phi .43 (.02). Estimated variance for
Session (random intercept) was 2.33 (1.74).
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dynamic interdependence between cooperation and conflict can also
exist on the behavioral level, even with anonymous interactions in
ephemeral groups. In other words, the joint expression of these traits
in a population need not be the result of frequency dependent selection
on fixed individual types, but rather cognitive features that allow indi-
viduals to strategically respond to the social environment. Studies that
associate behavior in economic gameswith experience of real-world in-
tergroup conflict consistently support the notion that individuals have
flexible social motivations that promote group welfare at individual ex-
pense during or following periods of intergroup violence. Israeli senior
citizens showed a greater willingness to reward cooperators and punish
defectors during the Israel-Hezbollah war compared to periods before
and after (Gneezy & Fessler, 2012), whilst individuals from Georgia,
Sierra Leone and Burundi that experienced war showed lasting
prosocial motivations years following the conflict (Bauer, Cassar,
Chytilová, & Henrich, 2014; Voors et al., 2012).

Although intergroup conflict can select for cooperation along multi-
ple evolutionary pathways includingmultilevel selection (Bowles, 2006,
2009), cultural selection (Bowles, Choi, & Hopfensitz, 2003; Boyd &
Richerson, 2009; Gintis, 2003b), and individual benefits from building
coalitions (Gintis, Smith, & Bowles, 2001; Nowak & Sigmund, 2005),
these explanations take group competition as a given. Competition
need not be overtly aggressive in nature, and human groups frequently
treat one another as benign (Brewer, 1999; Cashdan, 2001; Halevy et al.,
2008; Koopmans & Rebers, 2009; Pan & Houser, 2013) and even seek
mutually beneficial interactions such as trade. Nevertheless, it appears
that when the nature of group interactions is such that the gains of
one group (and consequently the benefits to its constituent individuals)
equate to the losses of another, individuals are willing to invest toward
Table 2
Analysis of factors affectingmean investments to the groupproject. T = treatment (PG vs.
PGwC), P = game period (covariate), D = difference in the deviances of the compared
models, df = difference in the number of parameters of the comparedmodels, P = P val-
ue associated with the observed D and df, calculated from the chi-square distribution.

Factors −2 log-likelihood

T, P, T*P 989.61
T, P 995.55
T 996.61
P 1009.01
Null (intercept) 1009.90

D df P

T, P, T*P vs. T 7.00 2 0.021
T, P vs. T 1.06 1 0.303
T vs. Null 13.29 1 b0.001

The final model estimated with REML had estimated repeated measures covariance pa-
rameters (s.e.): diagonal 4.08 (1.17), rho .97 (.02), phi .71 (.08).
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aggressive competition (Halevy et al., 2008; Riek et al., 2006; Sherif
et al., 1988). In a similar fashion, our experiment detected an individual
preference for competitive intergroup interactions over a balanced
prosocial alternative. Although a more extensive range of group interac-
tion options may have yielded different results (and hence we cannot
claim that competitive interactions will always be approached), it is
clear that there is somebias toward promoting competition. Evolutionari-
ly speaking, selection for this bias is likely dependent on sufficient levels
of cooperationwithin the group, lest aggression result in self-destruction.

We found that the individual tendency to vote for ‘compete’was as-
sociated with information from the previous round. In particular, the
probability an individual was willing to promote competition increased
when within-group variability in cooperation was low and between-
group variability in cooperation was high. Importantly, people behaved
this way despite groups being restructured in each round, and the po-
tential for experience in one round to accurately predict the next thus
being limited. These results, and the deviation from rational expecta-
tions, suggests that the motivation to vote for ‘competition’ stems
fromanadaptive information-processing system that allows individuals
to recognize the special social conditions under which otherwise disad-
vantageous traits are beneficial. Specifically, both within-group cooper-
ation and between-group aggression are costly behaviors that can
become adaptive when there is sufficiently small trait variation within
groups and sufficiently large trait variation between groups (Bowles,
2006, 2009; Price, 1972). The levels of within- and between-group var-
iability are likely in a dynamic state of flux in complex social environ-
ments, and therefore it could be expected that individuals will benefit
from tracking this information by attending to environmental cues.
Such individuals may better optimize their cooperative and hostile be-
haviors compared to individuals that are ignorant of variability or that
are less effective at processing the information.

Another possible explanation is that individuals are motivated to
choose ‘compete’ out of psychological biases that operate within the
context of the game and not out of social adaptations. Firstly, individuals
may choose the competitive option to psychologically protect them-
selves from the disappointment of making a poor decision (Larrick,
1993). Because competitive inter-group interactions dominate over
the other options, it is more likely to occur. Thus, individuals may vote
for competition and behave cooperatively because they would feel
poorly if they were to do otherwise and competition was to occur (as
could be expected). This explanation is supported by a post-game ques-
tionnaire, in which 35/144 individuals answered an open-ended ques-
tion about their motivation for voting ‘compete’ by stating that “it was
going to happen anyway” or “because others were doing it”. Additional-
ly, competitionmayhave seemed a safer option for those thatwanted to
cooperate, as in competition the marginal per capita return of alloca-
tions to the group project was 1 (0.5 in ‘isolate’ and 0.375 in ‘equal divi-
sion’), and the personal 1MU cost of group competition can be
considered fairly low. Further, it is also possible that individuals chose
‘compete’ as it was the more interesting option. However, as we found
that decisions to choose ‘competition’ were influenced by observations
about variabilitywithin and between groups, it seems likely that the de-
cisions about group interactionswere strategic, with the aim of increas-
ing individual or group success.

Aside from the explanations discussed above, there are several im-
portant mechanisms that could influence willingness to promote inter-
group competition, but cannot be addressed with the current study
design. Firstly, internalized cultural norms and previous experience
with conflict may play large roles in an individual’s response to the
game (Bauer et al., 2014; Bowles et al., 2003; Boyd & Richerson, 2009;
Gintis, 2003a; Gneezy & Fessler, 2012; Voors et al., 2012). Of important
note, the subjects of our study share a cultural background and had not
experienced violent conflict. Studies across cultures, experience and
context are critical for determining whether there is any variation in
themotivation to promote intergroup competition. Secondly, populations
can reach a characteristic state (such as thatwhichwe found) through the
competition andwithin-group cooperation, Evolution and Human Be-
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Fig. 3. Cooperation and net earnings in the PGwC and PG treatment conditions. (A) The
mean level of cooperation was higher in the treatment with choice of group interaction
type (PGwC, red line) than in the treatment without choice (PG, blue line). (B) Net earn-
ings were also higher in PGwC than in PG. Lines indicate themean of the replicate session
means, and the error bars indicate 95% parametric confidence interval.

Fig. 4. The predicted relationship between (A) within-group and (B) between-group var-
iability in allocations to the group project on the probability of voting for competition for
game period 2 (dashed line) and game period 30 (dotted line). The values for between-
group variability (in figure A) and within-group variability (in figure B) are held constant
at the mean for the relevant game period.
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network-level phenomena of behavioral flow. Fowler and Christakis
(2010) experimentally showed that cooperative behavior can spread in
a population because individuals model their behavior on the actions of
others, and that this mechanism can allow cooperative behavior to cas-
cade through a population even in anonymous and temporary groups.
However, an experiment that is capable of reliably detecting whether
inter-group hostility behaviors flow through a network requires a control
that limits the shared experience between individuals, which is not satis-
fied by our completely random grouping structure.

Overall, we conclude that both cooperation and between-group hos-
tility can emerge in a group-structured population, even when group
Table 3
Analysis of factors affectingmean net earnings. T = treatment (PG vs. PGwC), P = gamepe-
riod (covariate),D = difference in the deviances of the comparedmodels, df = difference in
the number of parameters of the compared models, P = P-value associated with the ob-
served D and df, calculated from the chi-square distribution.

Factors −2 log-likelihood

T, P, T*P 983.72
T, P 989.05
T 990.90
P 999.66
Null (intercept) 1001.29

D df P

T, P, T*P vs. T 7.18 2 0.028
T, P vs. T 1.85 1 0.174
T vs. Null 10.39 1 0.001

The final model estimated with REML had estimated repeated measures covariance pa-
rameters (s.e): diagonal 4.13 (1.22), rho .97 (.01), phi .73 (.08).

Please cite this article as: Puurtinen, M., et al., The joint emergence of group
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boundaries are weak, as the result of individual level actions. That is,
the basic conditions provided by our experiment are sufficient for be-
havioral flexibility to generate a population state based on cooperation
and conflict. Importantly, it may be that imposing a condition in
which improving individual payoffs could come at the direct expense
of members in other groups established a sufficient threat for individ-
uals to promote competitive group interactions over the alternatives.
Even so, this competitive state appears to have the effect of maintaining
high levels of within-group cooperation.Whilst it is possible that cultur-
al norms or the existence of distinct behavioral types in the population
maywell play a role in real-life interactions and the evolution of human
social behavior, the controls of our experiment and the rapid emergence
of a competitive environment suggest that the proximate driving force
behind this phenomenon operated at the level of the game. However,
it remains unclear whether the biases we detected have an adaptive
function directly related to dealing with a complex social environment.
Thus, the true nature of behavioral motivations in the context of group-
structured populations characterized by numerous social dilemmas re-
mains elusive. Yet, ultimately, our understanding of human social behav-
ior and organization must fully integrate psychological mechanisms that
control behavior with the ecological and evolutionary forces that both
shape and are shaped by such a system.

Supplementary materials

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.evolhumbehav.2014.11.005.
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