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Abstract: Preferential treatment of in-group members is widely observed in nature. This study examines this
phenomenon in the context of cooperation in social dilemmas using evolutionary agent-based models that
consider the role of partner selection. Particularly, the model considers a repeated prisoner’s dilemma game
in which agents belong to one of two groups distinguished by the continuation probability of pair interactions.
Based on the behavior in the last round and the group affiliation of the partner, each individual selects to co-
operate, defect, or stop interactions and search for a different partner. The simulation results demonstrated
that agents adopted cooperative strategies, including tit-for-tat and out-for-tat, toward in-group members. In
contrast, agents terminate interactions immediately after pair formation without observing their partner’s be-
havior when paired with an out-group individual. This pattern arises even when the continuation probability
of pairs comprising members of different groups is sufficiently large to sustain cooperation when applied uni-
formly to the entire population. A higher continuation probability with in-group partners hinders interaction
with out-group individuals. These results indicate the importance of avoidance in intergroup interactions in
social dilemmas and might explain in-group favoritism without animosity toward out-groups.

Keywords: In-Group Favoritism, Prisoner’s Dilemma, Partner Selection

Introduction

In-group favoritism is a robustly observed human tendency. Despite the critical importance and pervasiveness
of cooperation in human societies (Rand & Nowak|2013), cooperation is often dependent on group affiliation.
People distinguish between in- and out-groups and cooperate at different levels with them (Balliet et al.|2014).
In fact, preferential treatment of in-group members has been observed in artificial groups constructed in labs
(Tajfel & Tajfel|1970; Dunham|2018), as well as in natural groups, such as ethnic (Whitt & Wilson|2007) or religious
groups (Enos & Gidron|[2016), and political parties (Hahm et al.[2024). In-group favoritism is also observed in
other contexts, such as in the positive trait evaluation of in-group members (Dunham|2018).

Evolutionary game theory provides insights into the evolution of pervasive in-group favoritism (Masuda & Fu
2015). In particular, in-group favoritism has been investigated using models of social dilemmas (Riolo et al.
2001). Models on the evolution of cooperation (Nowak|2006;|Sigmund|2010) therefore have contributed to our
understanding of the evolution of in-group favoritism, and previous studies have identified the conditions that
can result in a higher propensity to cooperate with members of in-groups than of out-groups. Repeated inter-
actions support an evolution of cooperation (Axelrod & Hamilton|1981;|Rossetti & Hilbe|2024), but this mecha-
nism (direct reciprocity) combined with stable relationships with in-group members can lead to the emergence
of in-group favoritism (Rand & Nowak|2013). Models of indirect reciprocity indicate that reputation supports
cooperation (Nowak & Sigmund|[2005; Takacs et al.[2021), but intermediate levels of reputation about coop-
erativeness can foster in-group favoritism (Masuda & Ohtsuki|2007). Further, in-group interactions can hinder
large-scale cooperation sustained by indirect reciprocity (Schnell & Muthukrishna|2024a). Interactions within
networks sustain cooperation (Szabo & Fath|2007; Perc et al.|2017) but also support in-group favoritism when
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introducing tags differentiating groups (Hochberg et al.|2003;|Kim & Hanneman|2014; Jensen et al.[2019). Coop-
eration can serve as a costly signal for preferred traits (Gintis et al.|2001), but group-dependent costly signaling
and in-group favoritism can co-evolve (Macanovic et al.[2024).

The present study examines the emergence of selective interaction with in-group members. In social dilem-
mas, in-group favoritism indicated a behavioral rule to select cooperation for in-group members and defection
for out-group members.! The above studies identified the mechanisms that foster selective cooperation with
in-group members. This means that individuals participate in interactions in social dilemmas whether or not a
partner belongs to the same group. This study considers the possibility that individuals avoid interactions with
out-group members. They might avoid the interaction itself without even observing the partner’s cooperative-
ness. Instead, they might base their decision solely on the partner’s membership in the out-group. We called
this behavioral tendency out-group avoidance, and examined its possible emergence in evolutionary agent-
based simulations.

Partner selection is a valuable framework because deciding who to interact with and who to avoid is a crucial
point in this research. Partner selection is an extensively studied mechanism to support cooperation. Evolu-
tionary games generally assume random matching or interactions on fixed networks and that players cannot
choose interaction partners. In contrast, partner selection models emphasize the importance of selecting inter-
action partners for the evolution of cooperation (Barclay|2016).2 We considered partner selection by allowing a
leave option in the repeated prisoner’s dilemma game (PDG) (Vanberg & Congleton|1992;|Izquierdo et al.|2010,
2014;Wubs et al.[2016).3 In this framework, agents participate in repeated PDG with randomly matched agents;
however, they can stop interactions by selecting the leave option after observing the partner’s behavior. Select-
ing the leave option thus allows the selective continuation of current relationships, namely partner selection. In
addition to partner control through the tit-for-tat strategy (Axelrod & Hamilton|1981), this option allows for the
out-for-tat strategy (Yamagishi et al.|1994). In out-for-tat, agents respond to cooperation with cooperation but
respond to non-cooperation by leaving, namely ending interactions and searching for a new partner. Previous
simulation studies have shown that strategies selecting the leave option conditional on the partner’s defec-
tion can outperform classic strategies such as tit-for-tat (Vanberg & Congleton|1992;|lzquierdo et al.l2010,/2014)
and punishment on defection (Wubs et al.[2016). In this study, individuals may determine their actions not
only based on the past behavior of their partner but also on the group they belong to. In repeated PDG, out-
group avoidance corresponds to the tendency to select the leave option for out-group members solely based
on membership to a different group, without observing the partner’s actions. The partner selection framework,
including out-for-tat in repeated games, stresses its importance in supporting cooperation, but we focus on the
possibility that it is not always true when considering intergroup relations.

To consider group-dependent partner selection, we assumed a higher continuation probability in repeated
games for in-group pairs. Specifically, when modeling the group structure, we assumed that exogenous shocks
that dissolve pair relationships are more likely for pairs consisting of members of different groups. In other
words, we modeled the group structure by presuming different values for an exogenous parameter, namely the
continuation probability. A previous study suggested that this assumption fosters the emergence of in-group
favoritism in repeated interactions (Rand & Nowak|[2013). We examined how this assumption affects selec-
tive interaction (and cooperation) with in-group members. Previous research also expressed group boundaries
through differences in exogenous parameters. For instance, studies differentiate groups using different payoff
values (Macanovic et al.|2024), the presence and absence of interaction opportunities (Schnell & Muthukrishna
2024a), and different interaction probabilities (Gross et al.|2023). We followed a similar strategy for group dif-
ferentiation. Herein, the crucial exogenous parameter was the continuation probability, and the groups in our
model were two populations distinguished by the continuation probability. Therefore, notably, our model de-
pends crucially on the assumptions regarding this parameter.

This assumption on the continuation probability is based on various factors. First, the community structure, i.e.,
the group structure, is widely observed across social networks. Individuals are located within tightly connected
groups, with scarce links across them (Girvan & Newman|[2002). This network structure results in frequent
and stable relationships among in-group members, which may support the assumption regarding continua-
tion probability (Masuda & Fu|2015). This logic justifies the modeling strategy previously adopted to differenti-
ate groups by the exogenous parameter concerning different interaction structures between groups (Schnell &
Muthukrishna|2024b). In addition, some empirical studies reported observations consistent with this assump-
tion, namely, thatintergroup relationships are less stable. For instance, sociological and psychological research
indicated that cross-group relationships are less stable and less durable than homophilic relationships (Aboud
et al.[2003;|Schneider et al.[2007; Rude & Herda|2010; Jugert et al.[2013;|Bigler et al.|2016;|Oczlon et al.[2023),
although this relationship may not be statistically significant after controlling for some (possibly intermediate)
variables (McDonald et al.2013;|Neray et al.|2023). Previous studies have not directly examined the continuation
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probability of inter-group interactions within social dilemmas, but they provide relevant insights. Therefore, al-
though it is logically possible to assume that the continuation probability may be higher for interactions with
out-group members and that such an assumption can lead to different conclusions, our alternative assump-
tion provides a more empirically grounded basis for deriving meaningful implications. Accordingly, the model,
which essentially categorizes groups based on differing continuation probabilities, is relevant for existing dis-
cussions of in-group favoritism.

Our evolutionary agent-based simulations demonstrated the emergence of out-group avoidance. In the simu-
lations, we allowed agents to adopt different behavioral rules toward in- and out-group partners. When paired
with an in-group member, the agents adopted conditional cooperative strategies such as tit-for-tat and out-
for-tat. In contrast, agents did not initiate interactions with an out-group partner. Strategies for out-group in-
teractions tend to select the leave option at the first round of pair interactions so that pairs dissolve before
the games effectively start. In other words, individuals dissolve a partnership without observing the behavior
when the partner belongs to a different group. This out-group avoidance arises even with a high continuation
probability with out-group agents; cooperation can evolve when these values are applied to an entire popula-
tion and the effective group distinction is removed. These outcomes imply that a default strategy in interaction
with out-group members can be avoidance from the outset. Stable relationships with in-group members, as as-
sured by the group structure, can decrease the need to interact with out-group members and foster out-group
avoidance.

Model

We considered a population of agents belonging to one of two groups and participating in repeated PDG (Table
[1] summarizes relevant symbols in the model). The entire population consists of N agents (IV is even). Each
agent belongs to one of two groups of equal size (i.e., N/2). Group affiliation is fixed throughout the simulation
run. In other words, agents belong to the same group during each generation and do not copy the group of
other agents in the payoff-based strategy evolution. When presenting results for groups of different sizes, we
clearly specify this information.

Agents participate in repeated PDG with a leave option (L) (Szabd & Hauert|2002), as well as the options co-
operation (C) and defection (D). The payoff for mutual cooperation (defection) is b — 1(0), whereas unilateral
cooperation (defection) leads to a payoff of —1(b). Here, the parameter b represents the benefit of interacting
with a cooperator. If at least one of the two paired agents chooses the leave option, both agents gain a payoff
of 0. Accordingly, the game in each round can be represented using the following payoff matrix:

C b—1 -1 o
D b 0 o]. (1)

L o o o

Basically, the value of b was set to 3 while that of o was 0.
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Table 1. Symbols and their Meanings

Symbol Meaning
N Population size (2.1)
C Cooperation (2.2)

D Defection (2.2)
L
b
g
T

Leave option (2.2)

Benefit from interacting with a cooperator (2.2)
Payoff for the leave option (2.2)

Number of rounds per generation (2.3)

Wip Continuation probability for pairs within the same group (2.3)
Wout Continuation probability for pairs from different groups (2.3)
X A symbol used to refer to multiple strategies, such as CCC_LX X (2.4)
CCC_LXX, Strategies for out-group avoidance (2.5)

CCD_LXX,

CCL_LXX

CCX_CCX Strategies for impartial cooperation (2.5)

8 Selection intensity (2.7)

II; Payoffs accumulated by agent i over T rounds (2.7)

1 Mutation probability (2.7)

p Proportion of agents in the small group (3.8)

Note: The numbers in parentheses refer to the relevant paragraphs where the symbol appears.

2.3 The following events occur sequentially in each round. The process repeats for T' rounds across one generation
(Figure[I]schematically presents the sequence of events in each round). (i) Pair formation: pairs are constructed
randomly from single agents. Group affiliation and strategy are not considered in pair formation. The pool of
single agents dynamically changes each round because some agents may return to the pool after pair dissolu-
tionin events (iii) or (iv). At the outset of each generation, all agents are single. (ii) PDG: paired agents participate
inthe PDG with the leave option and acquire payoffs. Agents acquire payoffs exclusively through participationin
the game. No other activities contribute to their payoffs. (iii) Endogenous pair dissolution: if at least one paired
agent chooses L in the game (i.e., when agents received o in event (ii)), the pair dissolves. In this case, the two
agents return to the pool of single agents. (iv) Exogenous pair dissolution: pairs may dissolve probabilistically
when endogenous dissolution does not occur, and the agents return to the pool of single agents (this process
has no consequence in case of endogenous pair dissolution). The probability that a pair continues to the next
round, known as the continuation probability, varies depending on the group membership of the agents. The
continuation probability for pairs consisting of in-group members is wy,, whereas that for pairs consisting of
members of different groups is weys. In other words, pairs may dissolve with a probability of 1 — wiy (1 — wout)
when the pair consists of members of the same (different) groups. We assume that wi, > wout, meaning that
exogenous pair dissolution is less likely to occur when agents interact with members of the same group. Pro-
cesses from (i) to (iv) constitute one round. Agents who dissolved the pair and returned to the pool of single
agents in event (iii) or (iv) get paired with a randomly selected single agent at next round’s (i). Through this re-
peated process, all agents participate in 7 games (i.e., one game per round) and accumulate payoffs that affect
reproduction.
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Figure 1: Schematic explanation of the sequence of events in each round.

For repeated PDG, we considered strategies to determine actions conditional on group affiliation and the part-
ner’s actions in the previous round. These strategies affect payoffs in the PDG with the leave option and the
occurrence of endogenous pair dissolution, as explained above. Strategies comprise six elements; each ele-
ment can take C, D, or L. The first element specifies the action selected in the first round for pairing with an
in-group member. The second and third elements specify actions after observing an in-group partner selecting
C and D in the previous round, respectively. Similarly, the remaining three elements specify actions toward
an out-group partner. Since we specified the strategy in this way, we considered only a subset of the possible
strategies in a repeated game. For instance, agents cannot exploit the partner by selecting defection in the final
round; this implies that agents do not know the number of games per generation. We explain the specification
of the strategy with some examples. For instance, the strategy CC D_D D D, means that agents adopt tit-for-tat
toward an in-group partner but always select D when interacting with an out-group partner. We adopted the
letter X when referring to multiple strategies. For instance, CC'L_LX X includes all strategies specifying the
out-for-tat toward an in-group partner and selects L in the first round when paired with an out-group member.
The last two elements in this example do not have behavioral consequences because pairs dissolve in the first
round regardless of the action of the out-group partner.

Strategiessuchas CCC_LX X,CCD_LXX,CCL_LX X aretypical examples of out-group avoidance. These
strategies specify the leave option in the first round of the interaction with an out-group partner while adopt-
ing cooperative behavior among in-group members. Agents adopting these strategies stop pair relationships
without observing the behavior of the out-group partner; the selection of the leave option is determined solely
by affiliation to a different group. Both agents gain the o payoff and out-group interactions end in one round.
In contrast, the strategies included in CC X _C'C X can be called impartial cooperation. Agents exhibit cooper-
ative behavior toward both in- and out-group members, namely, impartial cooperation. These strategies may
not be unconditional as some strategies respond to partners’ actions. However, group information is not used
for decision-making.

An artificial example, presenting the first five rounds of a specific generation from the perspective of agent i,
can clarify the process (Table[2). In the first two rounds, agent  is paired with an in-group member (agent 5) and
receives the payoff for mutual cooperation twice because both agents adopt tit-for-tat for in-group members
(in this example, the payoff for mutual cooperation is set to 2). In round 3, agent i participates in the PDG with a
new partner (agent 39) because the exogenous dissolution terminated the interaction with agent 5in the second
round. The new partner selects L for an out-group member in the first round, as specified in the fourth element
of the strategy. This is an example of out-group avoidance because this strategy terminates the relationship
without observing i’s behavior. Consequently, agent i (and agent 39) acquires the payoff for the leave option
(o = 0.3 inthe example), and the relationship ends. Thereafter, the interaction with the new out-group partner
(agent 17) continues for two rounds. Agent i adopts an out-for-tat for out-group members. Since the partner
selected D in thefirstinteraction, agent i selected the leave option in round 5, as specified by the sixth element
of the strategy.
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Table 2. Example of the Sequence of Events

Round 1 2 3 4 5
Partner’s ID 5 5 39 17 17
Same Group Yes Yes No No No

Partner’s Strategy ccob_ccp cepb_ccb ccL_LDD CDD_DDD CDD_DDD
Agent i’s Strategy ccb_ccL cCb_cCcL cCcCcDh_CcCcL CcCDh_CcCL CCD_CCL

Exogenous Dissolution No Yes - No -
Payoff 2 2 0.3 -1 0.3
Accumulated Payoff 2 4 4.3 3.3 3.6

Note: The partner’s ID is arbitrarily determined by random matching. The row named “Same Group” indicates
whether the partner belongs to the same group as agent i, which affects behavior selection. The double lines be-
low the strategy represent the behavior adopted in each round. The three pair relationships continue for two, one,
and two rounds, and the causes of dissolution are exogenous, endogenous, and endogenous, respectively. In this
example, b and o values are set to 3 and 0.3.

Reproduction occurs after the PDG with the leave option is repeated for T" rounds. Each agent copies the strat-
egy (but not the group) of an agent selected with a probability proportional to transformed payoffs (Lipowski
& Lipowska|2012). In other words, we adopt roulette-wheel selection where the pocket size is the transformed
payoff for each agent.* The transformed payoff for agent i is exp(31L; /T'), where I1; is the payoff accumulated
in the T' game interactions, and £ is selection intensity. In the simulation reported below, the pool of copied
agents corresponds to the entire population. However, the basic patterns were not changed when the pool
of copied agents was restricted to in-group members. In particular, we confirmed that out-group avoidance
evolves with intermediate w,, values, and impartial cooperation emerges (to some extent) with sufficiently
large woyut- Mutation can occur after payoff-based reproduction. With a probability of 1, each of the six ele-
ments of the strategy may independently become one of three options: C, D, or L. Itis possible that only some
elements mutate. In the initial state, each element of the strategies is randomly assigned, and selection and
mutation affect the distribution of the strategies.

To enhance statistical accuracy, the simulation first lasted at least 10* generations; thereafter, we recorded the
strategy frequencies for at least 10° generations. The long-run strategy frequencies were calculated based on
the longer-term sampling period that followed the initial strategy evolution. In addition, we conducted at least
five simulations for each combination of parameters and calculated the average strategy frequency. In the anal-
ysis below, we used fixed parameter values, as certain parameter values have clearly negative impacts on coop-
eration. Forinstance, asmallT impedes cooperation, as agents cannot exploit possible long-term relationships
and there is no room for reciprocity. The simulations show that 7" values such as 5 nearly impede cooperation
with the parameter values adopted in the Results section. Once this value exceeds 30, cooperation emerges
and strategy frequencies exhibit stable results. Alternatively, a parameter can only affect the amount of noise.
For instance, small population sizes (V) lead to noisy outcomes where the strategies that disappear in a large
population survive. From these observations, we fixed the values of these parameters and analyzed cases in
which cooperation evolves to some extent, focusing on the presence and absence of differences between be-
haviors toward in- and out-group members. The simulation code will be made available via the Open Science
Framework at: https://osf.io/qr6nu/l

Results

Here, we report how different continuation probability values with out-group partners foster or do not foster
cooperation. We focused on four types of strategies. The first three types (out-group avoidance: CCC_LX X,
CCD_LXX,and CCL_LX X) represent cooperative behavior toward in-group members and avoid interac-
tions with out-group members from the outset. The fourth type (CC X _CC X) specifies cooperation regardless
of group affiliation, unless the partner chooses defection. This type corresponds to impartial cooperation. Fig-
ure reports the frequencies of the strategies as a function of wqy; when w;, = 0.9. The strategy of selective
cooperation with in-group members and out-group avoidance prevails for small wq,;. Agents frequently adopt
tit-for-tat (CC D) or out-for-tat (CC L) strategies toward in-group partners but select L immediately following
pair formation when paired with an out-group partner. Impartial cooperation (CCX_CCX) evolves as the
value of w,, approaches that of wy,. This transition is steeper when there is a high mutation rate (0.01).
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Figure 2: Frequencies of the strategies reported as a function of w,; when w;, = 0.9. Agents cooperate with
in-group members while avoiding interactions with out-group members from the outset. Impartial cooperation
emerges for a large enough we,;. Other parameters: N = 1000,7 = 100,b = 3,0 = 0,and 5 = 1.

Some notes may be required for cases of small weyt. Figureshows that out-group avoidance is not promi-
nent for small wyyt. This is because strategies toward out-group agents have a small impact on payoffs due to
their frequent exogenous dissolution. Strategic dissolution plays a minor role since exogenous dissolution fre-
quently terminates interactions. Nonetheless, the behavior toward out-groupsis not completely random, as the
strategy affects the payoff for the first round, even for wy,y = 0. Thesumsof XX X_DX X and XX X_LXX
frequencies are 0.99 (0.96) when p = 0.001(0.01).

To better understand the dynamics, Figureshows the time evolution of the strategy frequencies. We calcu-
lated the average strategy frequencies for each generation by conducting 500 simulation runs. The left panel
indicates that the average strategy frequencies reach stable values at an early stage, with proliferating out-group
avoidance for weyt = 0.4. The frequencies of CC X _LX X increase to approximately 0.75 by the 200th gener-
ation. In contrast, the right panel indicates that CC X _CC X requires a long time to proliferate for wq,; = 0.8.
Following the initial increase in the frequency of CCX_LX X, CCX_CCX slowly replaces out-group avoid-
ance. The frequencies of COX_CCX require more than 10* generations to reach 0.95 and will eventually
stabilize at approximately 0.96. A comparison of the two lines on the right panel indicates that out-group coop-
eration (and impartial cooperation) requires more generations to emerge than that required by in-group coop-
eration. We sampled strategy frequencies after the initial changes had settled, allowing us to report long-term
outcomes. To confirm this point, we also report the strategy frequencies as a function of the length of the re-
laxation process, namely, periods not included in the frequency calculation to eliminate the influence of initial
values (Figure. To reduce the effects of the longer sampled generations, we set the sampled generation length
to 10* (rather than 10°) while that of the relaxation process ranged from 10* to 10¢ generations. Figureshows
that the strategy frequencies are stable regardless of the length of the relaxation process.

Wout=0.4 Wou=0.8

o
®

o
=2}

— CCX_CCX
CCX_LXX

frequency
o
=

o
)

0.01"

0 5000 10000 15000 20000 0O 5000 10000 15000 20000
t

Figure 3: Strategy frequencies reported as a function of time (i.e., generation) for w;, = 0.9 (¢ ranges from 20
to 20 000). Out-group avoidance emerges quickly for wey; = 0.4. Case of wyyy = 0.8 indicates that impartial
cooperation takes longer to evolve. Other parameters: N = 1000,7 = 100,b = 3,0 = 0,5 = l,and p =
0.001.
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Figure 4: Strategy frequencies reported as a function of the length of the relaxation process, namely, periods
not included in the frequency calculation. Strategy frequencies show stable patterns regardless of the length
of the relaxation process. We report an average of 200 simulation runs. Other parameters: N = 1000,7 =
100,b = 3,0 = 0, win, = 0.9, 5 = 1,and p = 0.001.

A basic pattern of strategy frequencies can be observed with different w;, values. Figure[5]reports the same
quantities for wy, = 0.7, for which some differences can be observed. For example, a smaller continuation
probability (wi, = weus = 0.7) is not sufficiently large to allow the evolution of impartial cooperation for =
0.01. Here, we still observe out-group avoidance (along with other strategies). In addition, in-group avoidance,
which falls under the category of other strategies, is also observed with almost the same frequency as out-group
avoidance.® As the group structure is removed when w;, = w.,;, Symmetric strategies appear with the same
frequency in the long run. A variety of strategies emerge, particularly because of the high mutation rate (1 =
0.01). Despite this difference, a small continuation probability with out-group members fosters cooperation
toward in-group members and avoidance of out-group members.

u=0.001 n=0.01

Bl OTHER
I cox_cex
CCC_LXX
CCD_LXX
CCL_LXX

0.8
|

o
=2}

frequency
°
»

0.2

0.0 0.3 0.6 0.9 0.0 0.3 0.6 0.9
Wout

0.0

Figure 5: Frequencies of the strategies reported as a function of wqy;, for wy, = 0.7. These results are similar to
those obtained for w;, = 0.9. Other parameters: N = 1000,7 = 100,b = 3,0 = 0,and 5 = 1.

To understand the role of different continuation probabilities, we conducted additional simulations with equal
continuation probability for in- and out-group members (wi, = weyt), which imitates a population without
a group structure while preserving the basic simulation settings. We compared this simulation with the main
simulation which assumes different continuation probabilities. Although artificial, this simulation is useful for
understanding the role of different continuation probabilities.

Figu re|§|suggests that the avoidance of out-group members can be attributed to the availability of more stable
and, hence, more profitable relationships with in-group members. We present the frequencies of agents who
adopt cooperative strategies toward out-group members (X X X _CCX). Note thatthe frequencyof CCX_CCX
does not allow a fair comparison, as a large w;, enhances in-group cooperation and increases the CCX_CCX
frequency for wi, > wout. The evolution of cooperation toward out-group agents requires larger wey for
Win > Wout than for wy, = weus, as shown in the figure. For wy, = weut, the frequencies of X X X _CCX
monotonically increase, as expected from the role of continuation probability. In contrast, for wi, > weus,
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out-group cooperation does not evolve even with a large enough we, (= wiyn) that supports cooperation when
applied to the entire population (i.e., the two groups). This tendency is more prominent for larger wy,; the evo-
lution of out-group cooperation is most inhibited for w;, = 0.9. A higher continuation probability suggests
a conducive setting for cooperation. However, cooperation within in-group members can hinder cooperation
with out-group members.
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Figure 6: Frequencies of X X X_CCX are reported. Large win (> wout) hinders cooperation with out-group members,
even for sufficiently large wout values to sustain out-group cooperation in cases of win, = wout. Other parameters: N =
1000,T = 100,b = 3,0 =0,and 8 = 1.

Another way to examine the effects of the two different continuation probabilities is to examine the frequency
with which cooperation is selected. This quantity directly shows the outcomes of the realized interactions.
By matching the analysis in Figure@ we compare the cases of wi, = wous With those of w;, > weyut. The
reported values are also distinguished by interactions with the in- and out-group members. Figure[7]indicates
that higher continuation probabilities hinder out-group cooperation. For weut < win(= 0.9), the frequencies
of cooperation that are selected in out-group interactions stagnate compared to w,ut = wiy,. Drastic effects are
observed for ;. = 0.01. When the value of w,,t (= wiy) exceeds 0.6, the cooperation frequencies in out-group
interactions are greater than 0.5. In addition, when w,, is greater than 0.75, the cooperation frequencies in
out-group interactions exceed 0.9. However, these values drop to just over 0.1 when a different continuation
probability (wi, > weyt) isintroduced because in-group interactions can almost certainly achieve cooperation.
This analysis indicates that cooperation with out-group members may be impeded, despite their potential to
foster collaborative relationships, if interactions with in-group members guarantee more stable cooperation.
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Figure 7: Frequencies at which cooperation is selected in interactions. Large wi, (> woyt) decreases coopera-
tion with out-group members, even when w,, is sufficiently large to achieve highly cooperative relationships
in cases of wi, = wous. Other parameters: N = 1000,7 = 100,b = 3,0 = 0,and 8 = 1.

The simulation results reported so far indicate the possible emergence of out-group avoidance and that dif-
ferent continuation probabilities amplify behavioral differences toward different groups. In this section, we
explain how altering certain parameters alters the outcomes. First, we relax the assumption that the two pop-
ulations have the same size by varying the proportion of agents belonging to the smaller group, denoted as p
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(p < 0.5). This means that Np agents belong to the smaller group, whereas N (1 — p) agents belong to the
larger group. Since the two groups reached almost identical strategy frequencies, we report the weighted av-
erage frequency for the two groups. Figureshows that p plays a relatively minor role. Small p values produce
noisier outcomes, as the strategies populated with large p reduce their frequencies. However, these effects are
not qualitative, and the basic patterns remain constant.
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Figure 8: Frequencies of the strategies reported as a function of p. Different group sizes have minor impacts on
basic observations. Other parameters: N = 1000,7 = 100,b = 3,0 = 0,8 = 1, and w;, = 0.9.

Next, we explored the role of the benefit of cooperation (b) in the evolution of out-group avoidance. Figure[d]
illustrates the evolutionary outcomes obtained for b = 2 and b = 6. Impartial cooperation (CC X _CCX) pro-
duces large frequencies for a large benefit of cooperation, whereas in-group favoritism and out-group avoid-
ance abound for a small benefit of cooperation. Avoiding out-groups is counterproductive when cooperation
offers high benefits. More importantly, however, the qualitative patterns of the effects of w,yt remain constant.
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Figure 9: Frequencies of strategies reported as a function of wqy for b = 2 and b = 6. In-group favoritism and
out-group avoidance are more frequent for b = 2. Other parameters: N = 1000,7 = 100,0 = 0,5 = 1, and
Win = 0.9.

Finally, we investigated the effects of different payoff values for the leave option (o). This parameter may have
a positive value where agents save the cost of participating in the game; however, its value may be negative,
considering the expense entailed in searching for new partners. Considering these additional costs, we exam-
ined what happens for o # 0. Figure[L0]reports strategy frequencies as a function of o. Out-group avoidance
was observed for moderate o values indicating the robustness of the reported outcomes. For a large o, out-
group avoidance is replaced by unconditional leaving. In the reported case, the 0 = 2 indicates that the leave
option results in payoffs equal to mutual cooperation, removing the social dilemma. In such cases, the fre-
quencies of LXX_LX X are larger than 0.9 (0.8) for u = 0.001(0.01). The opposite extreme, where the leave
option realizes payoffs equal to unilateral cooperation (—1), also decreases the frequencies of out-group avoid-
ance. Significant losses associated with the leave option reduce the advantages of out-group avoidance. Lower
frequencies of the leave option result in heightened impartial cooperation or defection, contingent on the pa-
rameter values. We observed similar patterns for combinations of p = 0.2 and 0.5 and w;,, = 0.7, 0.8, and 0.9.
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Figure 10: Frequencies of the strategies reported as a function of 0. Out-group avoidance is observed at mod-
erate o values. Other parameters: N = 1000,7 = 100,b = 3,8 =1, w;, = 0.9,and p = 0.5.

Discussion

People show preferential treatment of in-group members in social dilemmas. In-group favoritism in coopera-
tion has been observed in empirical studies (Balliet et al.|2014), and theoretical models have been proposed
to explain this tendency (Masuda & Fu|2015). Although this study is motivated by the literature on in-group
favoritism, it focuses on slightly different outcomes - avoidance of members of out-groups as interaction part-
ners.

The direct implication of this study is the potential importance of out-group avoidance. Studies on in-group fa-
voritismin social dilemmas have examined situations where interaction is supposed to occur and participation
in games is not optional (Balliet et al.|2014;|Masuda & Fuj2015). In contrast, this study focuses on the avoidance
of interactions with out-group members. The logic of this study is straightforward: interactions with out-group
members are avoided since in-group members offer more stable relationships. Despite this simplicity, the liter-
ature has paid scant attention to the possibility that out-groups are excluded as potential interaction partners
from the outset. This study contributes to the literature by deriving new empirical implications via consider-
ation of alternative behavioral possibilities. It may be necessary to ask whether the interaction would occur
in the first place where the expected payoffs in out-group interactions were small. Moreover, outside the con-
text of the evolution of cooperation, sociological and psychological research has documented homophily and
segregation between groups (McPherson et al.|2001; Bettencourt et al.[2019). Avoidance of members of the out-
groups is a robustly observed phenomenon. Furthermore, a recent laboratory experiment demonstrated the
co-evolution of cooperation and homophily in dynamic networks (Melamed et al.[2020). In other words, par-
ticipants located in networks cooperate with similar people while cutting links with people who do not share
identity. This line of research demonstrates that the avoidance of dissimilar people should not be overlooked
in analyzing intergroup relations. Our study advances the research on homophily by focusing on the evolution
of cooperation and argues that the avoidance of out-groups may require further attention.

In the context of evolutionary games, the consideration of out-group avoidance suggests that careful attention
is required regarding the role of partner choice in the evolution of cooperation. Partner choice is widely studied
in theoretical and experimental literature as a critical mechanism that supports the evolution of cooperation
(Barclay|2016). In repeated games, partner selection can be applied in combination with the leave option, which
has also been studied as a mechanism sustaining cooperation (Szolnoki et al.[2014). The leave option allows
partner selection by ending interactions with free-riders. The out-for-tat strategy that permits partner selection
often outperforms other strategies such as tit-for-tat and punishment in sustaining cooperation (Vanberg & Con-
gleton|1992; Izquierdo et al.|2010,2014;|Wubs et al.[2016). Simply avoiding noncooperative partners robustly
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supports cooperation. The results of this study suggest that the role of partner selection becomes equivocal
when considering the interaction between multiple groups. Partner selection can disrupt interactions between
the members of different groups. While considering the evolution of cooperation in intergroup situations, it
might be necessary to consider the negative effects of partner selection (and the leave option).

The simulation results may also reflect the emotions observed in intergroup situations. In-group favoritism may
not necessarily accompany out-group hate, and discrimination can occur in the absence of aggression toward
out-groups (Brewer 1999; Mifune et al.[2017).% In the context of cooperation in social dilemmas, there is no dif-
ference between the levels of cooperation with out-group members and those with strangers with an unknown
group affiliation (i.e., unidentified strangers) (Balliet et al.;22014); in-group favoritism can be observed in the ab-
sence of out-group derogation. In our simulations, agents prefer interactions with in-group members because
these relationships tend to be more stable and profitable. Consequently, in-group favoritism can emerge with-
out a hostile intention toward out-groups; out-group members are simply avoided. In addition, agents often
avoided out-group members even when the continuation probability was sufficiently high to support coopera-
tion. Here, only interactions with the most profitable candidates, i.e., in-group members, were considered, and
allother agents wereignored. This may explain the relative lack of attention paid to the distinction between out-
group members and unidentified strangers observed in the experiments. Our simulations demonstrating the
possible importance of avoidance also suggest that emotions related to avoidance, rather than hostility, might
arise in intergroup relations, as evolutionary psychology suggests that the function of emotions is to trigger
adaptive behavior (Cottrell & Neuberg|[2005). Indeed, anxiety, which functions to avoid or deter threatening
experiences, fosters the avoidance of contact with out-group members (Stephan|2014;|Paolini et al.[2018). Our
results imply that emotions that prompt avoidance, including anxiety, may trigger selective interactions with
in-group members in social dilemmas as well.

There are several limitations to this research and possible future extensions. First, this study only considered
direct reciprocity, whereas indirect reciprocity, which stresses the importance of reputation, was not consid-
ered. The bounded generalized reciprocity model is an influential theory that explains in-group favoritism by
incorporating the framework of indirect reciprocity (Yamagishi & Kiyonaril2000; Yamagishi & Mifune|2008). This
theory argues that prosocial behavior enhances fitness only when targeted at in-group members. Prosocial
behavior toward out-group members is not repaid because the reputation of being prosocial only holds within
the group. We argue that partner selection and the bounded generalized theory can be combined because rep-
utation can be exploited not only to determine whether to cooperate but also to choose an interaction partner
(Roberts et al.2021). For instance, the two frameworks can be combined by considering the different probabili-
ties of obtaining reputation information between the in- and out-groups. A higher propensity to gain reputation
for the cooperativeness of potential partners in in-group interactions might make in-group members preferred
when choosing interaction partners. A high probability of obtaining a reputation can enhance cooperation aris-
ing through indirect reciprocity (Ghang & Nowak|2015), and this finding can be applied to situations in which
multiple groups exist. Second, this study assumed the same payoff values for in- and out-group interactions.
This assumption implies that avoiding out-group members does not lead to welfare loss in each interaction.
However, preference for in-group partners often results in the loss of risky but profitable opportunities with
out-groups (Greif|[1989; |[McConnell et al.|2018; Takesue|2020). Considering different payoffs from a single in-
teraction, especially the more profitable out-group interactions, can contribute to understanding the welfare
implications of out-group avoidance.

Conclusion

This study examined the emergence of out-group avoidance in a repeated PDG with the leave option using
agent-based modeling. We considered a situation in which the continuation probability is higher in interactions
with in-group members than in those with out-group members. The simulations demonstrated that cooper-
ation with in-group members was established; however, agents decided to avoid interaction with out-group
members even without observing the first move. Cooperation with out-group members did not evolve, even
when the continuation probability for pairs consisting of the members of different groups was sufficiently large
for cooperation to evolve in a population without effective group distinction. The prospect of maintaining long-
term cooperation with out-group members does not necessarily ensure cooperation when a more stable rela-
tionship with in-group members is possible. These observations imply the importance of the avoidance of the
members of out-groups as an interaction partner in potentially cooperative situations.
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Notes

1This is a simplified statement. Strategies can be more complex depending on the examined model. For
instance, in-group favoritism implies a higher probability of selecting cooperation with in-group members than
with out-group members for probabilistically determined behaviors (Fu et al.[2012).

2Empirical studies have demonstrated that partner selection is associated with cooperation. Behavioral
experiments have shown that opportunities to select interaction partners support prosocial behavior (Xia et al.
2023). The framework of partner selection has been applied to research on various types of prosociality, such as
fairness (Chiang/2008;/André & Baumard|2011;|Debove et al.[2017} Takesue et al.[2017). Moreover, cross-cultural
research has revealed that the mobility of relationships in society is accompanied by high trust levels (Thomson
et al.)2018).

3Theoretical studies explored the idea of partner selection in various ways. In models of dynamic networks,
agents can adjust links with their neighbors to avoid noncooperative individuals (Zimmermann et al.|2004;
Pacheco et al.|2006; |Fu et al.|2008; Perc & Szolnoki|[2010). Mobility allows cooperators to avoid exploitation
by walking away from non-cooperators (Aktipis|2004; Helbing & Yu|2009; |Cardinot et al.[2019). In this study,
we used the leave option to introduce partner selection because it can be easily combined with the repeated
interactions adopted in this study.

4Copying a strategy of a probabilistically selected agent means that crossover in the genetic algorithm is
not considered. For instance, agent i’s strategy will be CCD_CCL if that of a randomly selected agent is
CCD_CCL. Perturbation is solely introduced by mutations.

5Specifically, CCC_LX X,CCD_LX X,and CCL_LX X frequencies are 0.05,0.13,and 0.11, respectively.
These values are displayed in the right panel of Figure[s| LXX_CCC,LXX_CCD,and LX X_CCL frequen-
cies are 0.05, 0.14, and 0.13, respectively. This means that the symmetric strategies, out-group avoidance and
in-group avoidance, appear with nearly the same frequency. CCX_CCX frequency is 0.17.

®Nevertheless, out-group attacks have become an increasingly important research topic (De Dreu et al.
2020). While this point goes beyond the scope of this research, future studies should address conditions that
could explain the presence and absence of enmity against out-groups.
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