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defection with unyielding defection, while further averting intergroup conflict due to altruism towards rivals.
Intragroup cooperation and intergroup conflict weaken over time through these two channels.

1. Introduction

Cooperation often occurs in groups amidst conflict with other
groups. Intragroup cooperation involves synergy that increases the
welfare of ingroup partners, whereas intergroup conflict involves rivalry
that decreases the welfare of outgroup rivals. This applies to various
economic interactions. For example, when firms compete in divisible
goods markets, market shares and profits are deterministically affected
by the actions of partners and rivals. In the course of time, decision
makers face a recurring dilemma of benefitting partners at a personal
cost and loss to rivals. Such conflicts occur repeatedly within or between
firms (e.g. competing project teams; Birkinshaw, 2001) and networks (e.
g. countervailing airline alliances; Gimeno, 2004).> We seek to further
understand the motives of behavior in such interactions.

Previous studies show that parochial altruism motivates acts that
benefit the ingroup at a cost to the self and outgroup (Bohm et al., 2002;
Choi & Bowles, 2007). This implies group-specific social preferences
(Chen & Li, 2009).% However, there is also evidence of prosocial
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concerns for rivals, e.g. participants prefer to avoid hurting the outgroup
when helping the ingroup (Halevy et al.;, 2008), and prosocials will help
both ingroup and outgroup (Aaldering et al., 2013). This implies social
welfare concerns (Engelmann & Strobel, 2002; Kritikos & Bolle, 2001).
Moreover, repeated play allows individual profits to be made via
cooperation strategies entailing the punishment of co-player defection
(Dal B6 & Fréchette, 2018; Embrey et al., 2018; Fudenberg & Maskin,
1986; Kreps et al., 1982). The use of such strategies in repeated inter-
group games is suggested by evidence of how cooperation is conditioned
on feedback (Tan & Bolle, 2007) and beliefs (Bornstein et al., 1996) of
co-player behavior. The belief that co-players use punishment strategies
in finitely repeated games support cooperation and the use of such
strategies, which consistently increase with the “value” (i.e. incentive)
of cooperation in a supergame (Embrey et al., 2018).

The purpose of our study is to test the alternative hypotheses of
group-specific preferences and strategies that drive intergroup conflict
in finitely repeated games. The context-sensitivity of behavioral patterns
across previous experiments, as the next section further surveys, shows

In loving memory of Friedel Bolle, a co-author of this paper, who passed away on October 10, 2021.
From a broader view, when groups fight for scarce resources, dominance, and survival (e.g. territory or food), the spoils are shared between group members while

competing groups are excluded (Rusch, 2014a), and fights can last several generations (Bernhard et al., 2006; Choi and Bowles, 2007; Norenzayan et al., 2016;

Rusch, 2014a).

3 For example, Chen and Li (2009) find more charity and less envy towards the ingroup than the outgroup.
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Fig. 1. Marginal payoff implications of cooperation in the experimental games.

the plausibility of both motives. However, less is known about whether —
and if so how — they drive repeated intergroup conflict in tandem. We
contribute towards filling this gap by testing the sensitivity of cooper-
ation strategies and conflict behavior to variations in the payoff struc-
ture and information feedback, and analyzing the underlying structure
of bounded rationality, utility, and strategic interaction. We shall show
that the intersection of cooperation strategies entailing the unyielding
punishment of defecting partners and altruism towards rivals weakens
intragroup cooperation over time.

Fig. 1 illustrates our experimental games. They are framed as in-
teractions between alliance firms, which accords with our cited appli-
cations (similar examples include Ke et al., 2015; Konrad et al., 2020).
This can help induce group identity (Tajfel et al., 1971; Tajfel and
Turner, 1979) and a competitive mindset (Sheremeta, 2018) essential to
settings where parochialism is expected. We elicit a benchmark of
parochialism with our Rivairy game, where partners gain and rivals lose
while social welfare stays constant when one cooperates. Cooperation is
“welfare-neutral” in that it deterministically results in a direct transfer
from the self and rivals to the partner, thus revealing parochialism. We
compare Rivarry with two other games to elicit group-specific motives.
Ingroup motives are revealed in the SynerGy game where cooperation
increases when partners (rivals) gain more than (lose as much as) in
Rivairy. Outgroup motives are revealed in the InFo game where coop-
eration increases when partners gain as much as in Rivarry but “rivals”
do not incur losses while feedback on their actions is still provided. It
controls for feedback effects germane to repeated conflict between in-
dividuals (Fallucchi et al., 2013) or groups (Bohm & Rockenbach, 2013;
Bornstein et al., 2002; Tan & Bolle, 2007), which can be estimated by
comparing it to the PD (prisoner’s dilemma) with the same payoff
structure but without feedback on rivals’ actions.

Cooperation decreases with rivalry, while it increases with synergy
and previous cooperation by partners but not rivals. This indicates
prosocial concerns for the outgroup, and that dynamic strategies play a
greater role within group than between groups. To explain these group-
specific behaviors, we structurally estimate preferences and strategies.
Logit quantal responses (McKelvey & Palfrey, 1995) to expected payoffs
determine the probabilities of actions, which predicts that cooperation
increases with synergy, i.e. the marginal per capita return (Andersen
et al., 1998). Partner cooperation is best explained by a combination of
exogenous beliefs that depend on previous actions and limited look-
ahead in anticipation of future payoffs (Johnson et al., 2002), fostered
by the belief that partners punish defection. Ingroup motives are inter-
nalized in cooperative strategies toward mutual benefit, but mutual
cooperation is fragile and is broken by acts of defection. In contrast,
outgroup altruism explains conflict aversion to mutual harm in the long
run. The tendency for groups to mutually acquiesce de-escalates inter-
group conflict over time and is thus self-limiting.* Thus, intragroup
cooperation and intergroup conflict diminish with repeated play
through two channels: ingroup punishment and outgroup altruism.

Section 2 relates our approach to the literature. Section 3 describes

4 Bohm et al. (2016) and Rusch (2014b) find that intragroup cooperation is
driven by attack and more likely defense.

the experiment. Section 4 reports the behavioral patterns and structural
analysis. Section 5 discusses and concludes.

2. Background
2.1. Group conflict

Dark clouds. Increased cooperation is observed in intergroup conflicts
where cooperation reduces social welfare, relative to isolated PDs where
it improves welfare (e.g. Bornstein, 1992; Bornstein & Ben-Yossef, 1994;
Bornstein et al., 1996). Observed effort is also notably higher than
predicted in intergroup Tullock contests (e.g. Abbink et al., 2012; Ahn
et al., 2011; Cason et al., 2017; Eisenkopf, 2014; Ke et al., 2015), where
effort is inefficient as it wastefully goes towards increasing the proba-
bility that a group wins a prize, which either group can instead effort-
lessly but randomly win. Such findings indicate that intergroup conflict
is driven by competitive, cooperative, or parochial concerns (Bohm
et al., 2020; Sheremeta, 2018).

Repeated play. However, the gap between cooperation levels with
and without welfare-reducing intergroup conflict closes with repeated
play (Bornstein et al., 1996), as does the gap between observed and
predicted effort levels in Tullock contests (Abbink et al., 2012). In
contrast, increased effort is sustained in team competitions where effort
is efficient as it increases social welfare through joint production. For
example, effort increases when the team that exerts the most effort wins
a fixed prize in addition to the benefits from team production (Nal-
bantian & Schotter, 1997) or receives a higher return to team effort (Tan
& Bolle, 2007).° This indicates that intergroup conflict weakens over
time when it is socially inefficient.

Silver linings. The negative effect of social inefficiency on intergroup
conflict is found in past experiments. For example, Halevy et al. (2008)
find that participants cooperate more to help the ingroup without
hurting the outgroup, which is efficient, compared to when this option is
unavailable and cooperation also hurts the outgroup, which is ineffi-
cient. Also, cooperation increases when competing groups can all win if
they are tied compared to when one’s gain is another’s loss, i.e. without
negative externalities for each other (Reuben & Tyran, 2010). Further,
prosociality can motivate personal sacrifice in the interest of the out-
group (Aaldering et al., 2013). Such efficiency concerns suggest proso-
cial motives beyond parochial norm-driven beliefs of duty to the ingroup
(Bohm et al., 2020), i.e. prosocial concerns for the outgroup.

Beliefs. The relevance of dynamic cooperation strategies in inter-
group conflict is indicated by post-experimental questionnaire responses
on how decisions are based on the beliefs that participants hold on the
cooperativeness of ingroup and outgroup (Bornstein & Ben-Yossef,
1994). It is also reflected by the negative relationships between coop-
eration and previous round behavior by partners or rivals (Tan & Bolle,

5 In Tullock contests and team competitions, outcomes are indeterministic
and indirectly inflicts losses on rivals. To help identify group-specific social
preferences in our games, the direct tradeoff between ingroup and outgroup
payoffs is made salient with outgroup losses deterministically resulting from
effort.
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2007). Anticipatory and responsive strategies are evident. For example,
Bohm et al. (2016) observe retaliatory and pre-emptive motives not
spite-driven unilateral strikes in a sequential move game where first
movers can mitigate losses by striking first. Consistently, participants
avoid conflict by coordinating through communication (Leibbrandt &
Saaksvuori, 2012). Given preference heterogeneity, beliefs of future
behavior in Tullock contests between participants are updated based on
the self-projection of one’s type and observations of others’ actions (Ke
et al., 2015; Konrad & Morath, 2020). This indicates dynamic strategies
between partners and rivals.

2.2. Social preferences and strategic reasoning

The collection of experimental results above suggest that behavior is
sensitive to welfare implications and repeated play. However, the
structure of preferences and reasoning that generates these results re-
mains unclear. The purpose of our structural estimates is to ascertain
which group-specific motives best explain the data with a potentially —
albeit not necessarily — pluralistic model. We therefore first elicit paro-
chialism without efficiency confounds using a game where social wel-
fare stays constant with cooperation, and then compare it to games that
elicit prosocial concerns for the outgroup. The combination of repeated
games controls for efficiency across games, allowing for a unified
structural analysis of motives. Our structural analysis estimates group-
specific social preferences and strategies in the data. As prompted by
the literature (e.g. Sheremeta, 2018), we consider a broad range of social
preferences including altruism, spite, inequity aversion, efficiency and
reciprocity concerns. Each model has separate parameters for ingroup
and outgroup co-players j, following Chen and Li’s (2009) approach.

(X)) =x;+ ) ap €})
#

Eq. (1) presents the simplest model of linear altruism (spite) utilities
that increase (decrease) in the payoffs x of self i and other j, and a; > 0
(aj< 0) implies a positive (negative) dependency on others payoffs,
implying biases such as “ingroup love” (“outgroup hate”). This model is
labeled as Alt. Parochial altruism can thus be described by different
altruism or spite parameters o; for the respective co-players. We also
consider group biases in inequity aversion (FS; Fehr & Schmidt, 1999) and
reciprocity (CR; Charness & Rabin, 2002).
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Inequity averse utility (Eq. (2)) decreases with the payoff differences
between self and others, and this effect is greater if one is envious when
X;j > x; than if one is guilty x; < x;, i.e. @ > f3;. The envy parameter o;and
guilt parameter p; are also found in the CR reciprocity model (Eq. (3)),
which additionally penalizes a co-player for making an inefficient move
by increasing envy and decreasing guilt towards the co-player by 6,
whereby the reciprocity term is active with g; = 1 when the co-player
has made an inefficient move, and otherwise nullifies the effect of 6,
in the case that the co-player did not make an inefficient move.

WP ) =i+ Y Ly + Y Pl 4
J#i J#i

Altruism and fairness concerns can also be modeled by reference

dependent altruism (Eq. 4; RDA; Breitmoser & Tan, 2013, 2020), which is

a good (out-of-sample) predictor for diverse static and dynamic games. It

also explains behavior in three-player demand bargaining and majority
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bargaining games, where behavior is incompatible with quasi-concave
utility functions such as FS, CR, and CES altruism. RDA allows us to
test the nature of conditionality on a reference point x, which is one’s ex
ante expected payoff (absolute RDA) or on co-players’ payoffs (relative
RDA). Relative RDA allows for fairness concerns. The strength of
altruism depends on whether one’s payoff is less or more than the ex-
pected payoff or co-players’ payoff, with a discontinuity at the point
where payoff equals the reference point, which is given by o; and f;
respectively. We also extend RDA to consider the dynamic nature of our
data by testing its conditionality on historical payoffs.

Further, we consider social preferences jointly with dynamic strate-
gies that could play a role in finitely repeated games under incomplete
information of co-player types (Kreps et al., 1982). Punishment strate-
gies can support cooperation in finitely repeated games especially in the
earlier part of the supergame as long as there is some probability and
belief that others are playing such strategies, as shown theoretically by
Kreps et al. (1982) and experimentally with a meta-analysis of finitely
repeated game experiments and a new experiment by Embrey et al.
(2018). Embrey et al. find that participants cooperate in the earlier
rounds of the supergame and use trigger strategies as part of “threshold
strategies” (of when to defect first) played under the incomplete infor-
mation of their co-players’ thresholds. Participants are heterogeneous
and aware of this inherent feature of experimental environments. Thus,
incomplete information on the dynamic strategies or social preferences
of co-players and heterogeneity is present in our data and considered in
our analysis.®

We analyze three main classes of dynamic strategies. First, one could
follow rule-based strategies such as those described by Kreps et al.
(1982). With “tit-for-tat” (TfT), one’s action follows that of the
co-player’s in the previous round. Alternatively, one cooperates until the
co-player defects, and then defects ever after; this “punishment” strategy
(Punish) in our finitely repeated game (Fudenberg & Maskin, 1986) is
akin to “Grim” strategies in infinitely (Dal Bo & Fréchette, 2018) or
finitely repeated games (Embrey et al., 2018). Such rules have no
explicit time horizon, and do not involve utility maximization. Implic-
itly, the belief of partners playing such strategies drives cooperation.
Second, we assume explicit exogenous belief formation based on the past
behavior of co-players. Third, dynamics are endogenously driven due to
reciprocity or the use of past payoffs as reference points.

We allow for bounded rationality: quantal responses relax the best
response assumption by letting the profitability of an option determine
its choice probability. The exogeneous formation of beliefs is combined
with logit quantal responses to these beliefs, and reciprocity is combined
with the endogenous formation of beliefs by assuming logit quantal
response equilibrium (QRE; McKelvey & Palfrey, 1995). Players expect
others to mix strategies according to QRE, and expect others to expect
the same. Further, players who operate with a two-period time horizon
limited lookahead (LLA; Johnson et al., 2002) also expect their future
selves (“agents”) to mix strategies, yielding an agent QRE (AQRE;
McKelvey & Palfrey, 1998). Structural models allow the juxtaposing of
social preferences and bounded rationality. We evaluate which expla-
nation fits the data best, and estimate the strengths of each motive.

3. The experiment
3.1. Games

A game has four players i = A, B, C, D who form two groups J = {A,
B} and K = {C, D}. The game is repeated for ten periods. In each period,
a player has an endowment e, which can be interpreted as a resource
constraint. One has two possible choices: (1) cooperate by contributing

8 Embrey et al. (2018) further find that subjects learn to delay their defection
before co-players do to later in the supergame — in support of the learning of
such nonequilibrium strategies.
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Table 1
Games, parameters, and predictions*.
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1a) Intragroup cooperation

Cooperate Defect
Cooperate 200, 200 100, 250
Defect 250, 100 150, 150
1b) Intragroup cooperation amidst intergroup conflict
0 rival cooperates: 1—0 1 rival cooperates: 1—25 2 rivals cooperate: 1—50
Cooperate Defect Cooperate Defect Cooperate Defect
Cooperate 200, 200 100, 250 175,175 75, 225 150, 150 50, 200
Defect 250, 100 150, 150 225,75 125,125 200, 50 100, 100
1c) Parameters, Nash equilibria, and social optima of the four games.
PD Inro RivALRY SYNERGY
Tin 2/3 2/3 2/3 5/6
Tout 0 0 -1/6 -1/6
Information No Yes Yes Yes
Individual NE ;=0 ;=0 ;=0 e;=0
Group NE ei=e e=e e=e e=e
Social optimum ej=e ei=e indifferent ei=e

* Player 1 (2) receives the payoff stated on the left (right) of each cell, and chooses strategies by row (column). The outcome is the determined by the intersection of
both players’ choices. In 1b, payoffs depend also on whether 0, 1, or 2 rivals cooperate within the other group, resulting in the payoff = from intragroup cooperation
(given by the payoffs in Table 1a) minus losses 0, 25, or 50, respectively. The payoffs are for partners in the group, payoffs of rivals are determined respectively.

e; = e to a group project, or (2) not cooperate by allocating effort to an
individual project, i.e. ¢; = 0.” The total effort by group J is e; = e4 + ez,
and ex = ec + ep for group K. Choosing the individual project (i.e.,
defecting) does not affect co-players’ payoffs, i.e. e —e; = e where e; = 0.
Cooperating on the group project has a positive impact on partners rj,e;,
where rj,; captures the degree of synergy between partners and 0.5 < rj,
< 1. Cooperation in the rival group has a negative impact r,,ex, where
rour captures the degree of rivalry between groups and ry, < 0. Players
are symmetric in e, ry;, and ry,. The payoff to player i from group J is
given by

Xi =e— —e +rue; + rouek. )

If rj; < 1 and players are purely self-interested and rational, they
would prefer for partners to incur the cost of effort. When ry; > 0.5,
profits accrue for both players if they cooperate, i.e. both put effort into
the group project. When ryy = 0 (rour < 0), groups are independent
(rivalrous) because players do not (do) suffer losses due to the rivals’
efforts.®

Assuming players maximize individual payoffs, the Nash equilibrium
(NE) is e; = O for all players, i.e. no player ever invests in the group
project because every such strategy is strictly dominated by zero effort.
Alternatively, if players maximize group payoffs, i.e. each group acts as
one player, then intragroup cooperation and intergroup conflict
described by e; = e for all i is the unique NE. Finally, if all four players
collude to maximize social welfare, then they will put effort in the in-
dividual project if 2(ri, + roy) < 1 and the group project if 2(ry; + rop) >
1. By backward induction of the finitely repeated game, the stage game
equilibrium holds. However, social preferences or dynamic strategies
can cause deviations from this benchmark prediction (Andreoni, 1995;
Keser & van Winden, 2000).

Our experiment has four games: PD, Inro, RivaLry, and SynerGy.PD is
presented in Table 1a and Rmvarry in Table 1b. Table 1c summarizes
parameters and equilibrium predictions for individual, group, and so-
ciety across games. This combination of games systematically isolates

7 Eliciting binary choices simplifies the task and reduces noise from confusion
in the varying impact of actions on different co-players, and allows for a clearer
evaluation of responses to previous co-player behavior. It also represents the
class of collective action scenarios such as those involving participation or
market entry and contest.

8 A positive (negative) [zero] difference in ingroup-outgroup effort implies
that groups have won (lost) [tied] and that the group payoff will increase
(decrease) [stay constant].

the treatment effects of gains, losses, and information. The parameter
values stretch the variance of gains and losses across games, maintaining
defection as the unique individual equilibrium prediction, allowing for
direct comparability and causal inference. For all games, e = 150 to
avoid decimals in payoffs and to ease the calibration of marginal
incentives.

In PD, pairs of participants play in isolated groups (ro,; = 0) with
synergy between partners (ri;; = 2/3), with information on partner
choices. Responses to feedback on partner indicate cooperation strate-
gies. Inro differs from PD by providing information on the actions of
rivals after each period. Such information is germane to intergroup in-
teractions and can be used for social comparisons or to evaluate relative
performance and efficacy in reaching goals (Festinger, 1954; Suls &
Miller, 1977).° This information is extraneous as it bears no pecuniary
consequence. Observed responses to this information in Inro thus reflect
concerns for non-pecuniary payoffs from comparison outcomes.

Rivarry is implemented by decreasing r,, to —1/6 from O in InFo. This
manipulation allows us to test the effect of potential losses from rivalry,
while keeping the potential gains from cooperation and information
feedback similar to Inro. The value for rq, is chosen such that actions
have the same efficiency, i.e. welfare-neutral. At a personal cost, the
ingroup gains by the same amount as the outgroup loses. An decrease in
cooperation relative to that in Inro therefore reflect ingroup motives.
Cooperation in Rivatry benchmarks parochialism. '’

SyNERGY introduces, relative to RivALRy, an increase in ri, from 2/3 to
5/6, to test the effect of increased ingroup benefits. The degree of losses
inflicted on rivals, roy, is the same as that in RivaLry. An increase in
cooperation relative to that in Rivarry therefore reflect ingroup motives.
Cooperation is equally efficient in Inro and Svnercy, as each unit

9 Information on rivals’ actions is essential in the performance comparisons

that determine competitive outcomes. It could drive retaliation, enhance group
salience and biases (Tan & Zizzo, 2008), or serve as a reference point. Also,
individuals might derive utility from the joy of winning (Sheremeta, 2018).
10 This simplification removes the uncertainty of how an action impacts the
payoffs of partners and rivals, such as via success functions in Tullock contests,
and thus reduces noise from cognitive complexity. It differs from previous
conflict experiments where cooperation yields social welfare gain (e.g. inter-
group social dilemmas) or loss (e.g. Tullock contests; Sheremeta, 2018). Unlike
the IPD-MD of Halevy et al. (2008), Rivarry is welfare-neutral and does not
involve an option of helping the ingroup while not hurting the outgroup, which
we instead compare with Inro.
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contributed to the group increases social welfare by 0.5.'" This allows us
to control for efficiency while varying cooperation motives, which is
stronger in SynerGy than in Rivarry. Responses to feedback on rival ac-
tions indicate conflict strategies. In summary, we test these hypotheses.

H1. Positive ingroup motives increase intragroup cooperation in
SYNERGY relative to RIVALRy.

H2. Positive outgroup motives decrease intergroup conflict in Rivarry
relative to INrFo.

H3. Cooperation strategies motivate intragroup cooperation condi-
tional on partner behavior.

H4. Conflict strategies motivate intergroup conflict conditional on
rival behavior.

3.2. Logistics and procedure

The experiment was conducted at the CeDEx experimental eco-
nomics laboratory at the University of Nottingham. We recruited from a
database of potential experimental participants via the recruitment
software ORSEE (Greiner, 2004) and email. They were undergraduates
and postgraduates from various disciplines. The experiment was pro-
grammed in z-Tree (Fischbacher, 2007), and the profit calculator and
questionnaire described below were programmed in Visual Basic 6.
Appendix 1Appendix 2Experimental instructions (see Online Appendix
1) and control questionnaires were provided in print. Online Appendix 2
shows the screenshots. The online appendices are found on OSF
(https://osf.io/z4epn/). Pairs of sessions involving the same game and
four participants each were conducted simultaneously in the laboratory
to enhance anonymity. Participants knew that there were two sessions
running simultaneously, and that participants for each session were
randomly seated in the room. We ran six sessions for each of the four
games involving a total of 96 participants (52% male, SD = 0.50). Games
were rotated across session pairs. Computer terminals were partitioned
to prevent communication and seeing others’ screens.

Pre-experimental instructions and control questionnaire. After being
seated, participants read the experimental instructions and answered a
control questionnaire to check their understanding of the rules. The
experimental supervisor individually advised participants with queries.
The text consistently employed an alliance frame to increase group
salience. Participants were told that they were managers of firms in an
alliance, and that they could choose between Project I and Project II
(implying defection and cooperation, respectively, within a group). This
was to contextualize the task consistently with one of its main applica-
tions to make it more intuitive and engaging.

Training stage. This next stage allowed participants to engage in an
undirected use of a “profit calculator” for five minutes before playing the
game. The training stage was included primarily to ensure that partici-
pants had the chance to familiarize themselves with the payoff structure
of the game, e.g. the consequences of different combinations of choices
made by each co-participant. It can be interpreted as a form of pre-
operational strategic evaluation stage, where executives are able to
familiarize themselves with different aspects of the business setting.

Game play. After the training phase, the computer program randomly
assigned participants to their respective groups. They were told their
group assignments, and that the participants they were matched with
would remain constant throughout the experiment. Participants did not
know the group assignments of the other participants in the room.
Participants played ten periods of one of four games. We continued to
provide the generic profit calculator, because it is a natural way for
participants to gather information about the consequences of alternative

11 Synrey connects our study to those on intergroup conflict where coopera-
tion is efficient. The net effects of r;, and r,,; determine the difference between
Inro and SynEerGy in cooperation rates. Strong outgroup hate can even elicit more
cooperation in Rivarry relative to INFO.
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decisions. The profit calculator was on a computer to the participant’s
right, and the game was played on a computer to the participant’s left.

After receiving feedback in each period, participants then proceeded
to the next period until all ten periods were done. In these games they
could accumulate earnings in experimental points, each worth £0.01."2
To minimize noise from participant confusion, experimental points were
scaled for cognitive simplicity and straightforward to convert to exper-
imental earnings. This conversion rate was calibrated to yield an ex-
pected payment rate comparable with economics experiments ran in the
UK.

Final questionnaire. After playing the experimental games, we
collected self-reported data on gender, course of study, professional
experience, Social Value Orientation (SVO; Messick and McClintock,
1968) and Regulatory Focus (RFQ; Higgins et al., 2001). The relation-
ships between conflict behavior and are SVO or RFQ are reported in our
working paper (Tan & Bolle, 2019). Participants entered their responses
on the computer.

Payments. After completing the final questionnaire, the computer
then reported to each participant how much one had earned, and this
information was kept private and unknown to other participants. Par-
ticipants were paid one at a time by the experimental supervisor. Pay-
ments were cumulative across periods. Participants could earn a
minimum of £10 and a maximum of £27.50 depending on game, their
choices and those of their co-participants. Sessions lasted up to 1 hour.
The average payment was £16.53.

Data. We confirm that, for all experiments, we have reported all
measures, conditions, > data exclusions, and how we determined their
sample sizes.'* The data and experimental materials are available on
OSF (https://osf.io/z4epn/).

4. Results
4.1. Treatment effects

Fig. 2 presents the cooperation rates for each game. Our initial test
for treatment effects compares games using non-parametric Mann
Whitney U tests (p-values are two-tailed). The first of two steps that we
take to account for the potential non-independence of data due to
feedback and interactions between participants is to treat the average
cooperation per session as an independent observation. The second step
is to use regression analysis, which further allows us to control for
experience from repeated interactions and the responses to the behavior
of others. We use binary logit regressions because of the nature of our
dependent variable “cooperate” or “not cooperate” and errors are clus-
tered at the session level to account for the non-independence of ob-
servations across repeated interaction.

Table 2 presents the regression results. The dependent variable is
Coop (=1 if one chose Project II, i.e. to cooperate, or 0 if otherwise). All
models include the independent variables of Period (=1 to 10) to control

12 payments were not based on a randomly chosen round as Stahl and Haruvy
(2006) showed how this may result in overstating the measured extent of
non-self-interest motivated behavior. It is also consistent with the assumptions
of finitely repeated games.

13 Three other treatments with asymmetric costs within groups, communica-
tion and revenue transfers were also conducted at that time for another project
on promises by leaders as part of the broader research program.

14 We determined our sample size following the conventions of related ex-
periments, e.g. a meta-study by Fiala and Suetens (2017) reports that experi-
ments on oligopolies and public goods games have an average of 7.74 (SD =
3.63) and 9.96 (SD = 7.08) independent observations per treatment, respec-
tively. As a gauge, the power achieved based on t-tests of differences in the
observed means (SD = 0.477) with 24 participants per treatment is 0.65 for
InrFo-RivarrY, 0.2 for RivArrRy-Synercy, and 0.24 for INFo-SyNERGY comparisons.
However, our nonparametric tests use session means as independent observa-
tions and regressions with robust standard errors clustered by session.
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Table 2
Binary logit regressions of cooperation*.
@® (2) 3 4
Period —0.151%** —0.146%*** —0.151%** —0.146%**
(0.020) (0.032) (0.020) (0.032)
LPartnerCoop 1.185%** 1.092%** 1.185%** 1.092%**
(0.216) (0.258) (0.216) (0.258)
LRivalCoop 0.008 0.008
(0.240) (0.240)
PD —0.558 —0.558
(0.411) (0.411)
RwvaLrY —1.287%** —1.299%**
(0.372) (0.493)
SYNERGY —0.714** —0.717*
(0.343) (0.410)
Tin 3.438** 3.492%*
(1.558) (1.622)
Tout 7.723%** 7.794%%*
(2.231) (2.958)
Constant 0.258 0.268 —2.034* 2.060*
(0.345) (0.663) (1.108) (1.127)
Pseudo R? 0.1346 0.1359 0.1346 0.1359
N 864 648 864 648

*The dependent variable is Coop (= 1 if one cooperated, or O if otherwise).
Standard errors clustered by session are found in parentheses. The p-values re-
ported here are two-tailed, with * denoting p < 0.10, ** denoting p < 0.05, and

*** denoting p < 0.01.

for experience, and a lagged variable LPartnerCoop (= 1 if the partner
cooperated in the previous period, and = 0 if otherwise). Model 1
compares cooperation in each game relative to Inro using dummy vari-
ables PD,Rivarry, and SynerGy (= 1 for the respective treatments, and =
0 for Inro). Model 2 includes LRivalCoop (= rivals’ effort in previous
period, i.e. 0 1, or 2), to test for responses to partner and rival behavior
in the previous period, respectively, but for this data from PD is dropped
due to the lack of feedback on behavior in the other group. For
robustness, models 3 and 4 corroborate by replacing game dummies
with treatment variables that capture the degree of synergy with ri, (=
2/3 for PD,Inro, and Rivarry, or = 5/6 for the Synergy) and of rivalry with
Tour (= 0 for PD and InFo, or = —1/6 for the Rivairy and SynErRGY). As
before, model 3 tests for the absence of feedback on the other group’s
actions with PD (= 1 for PD, or = 0 for InFo,RIvALRY, and SynErGy), while
model 4 replaces PD with LRivalCoop.

We use Inro as a benchmark to control for the effect of information on
rival behavior. Compared to PD where all game parameters are

otherwise the same, cooperation rates are not significantly higher in Inro
(z = 1.366, p = 0.172). We check if participants cooperate to generate
ingroup gains even though it results in equal outgroup losses, which
reveals a positive bias for the ingroup relative to the outgroup keeping
social welfare constant. The positive cooperation rate in Rivarry of 0.18
is evidence for parochialism. Further, cooperation increases when we
increase ingroup gains ri,, keeping outgroup losses r,, constant. There is
significantly more cooperation in Synercy at 0.33 than in Rivarry (z =
2.082, p = 0.037). Ingroup gains therefore increase cooperation at the
cost of the outgroup.

However, there is less cooperation in these two games where ryy,; < 0,
compared to Inro where ro, = 0, which has a higher cooperation rate of
0.50. Compared to Inro, cooperation is lower in Rivairy (z = —2.169, p =
0.030) but not significantly so in Syneréy (z = —1.604, p = 0.109).
However, controlling for responses to previous play, RivALry is negative
and significant in models 1 and 2, showing that cooperation decreases
when it yields outgroup losses while social welfare stays constant.
Therefore, cooperation decreases in the presence of intergroup conflict
and this happens not only when there is a decrease in efficiency. This
indicates that conflict aversion is a product of group-specific preferences
rather than universal efficiency concerns. Models 3 and 4 show that ry,
(as is SynerGy in Models 1 and 2) and r,,, are positive and significant,
confirming that cooperation increases with partner gains but decreases
with partner losses, respectively. '

Next, we consider the effect of feedback and experience on partner
and rival behavior on cooperation over time. Fig. 3 shows how coop-
eration rates change over time in each game. Cooperation rates are
lowest in Rivarry, which decreases to almost zero by the final round.
Across treatments, cooperation decreases over time, as shown by the
negative and significant Period coefficient in all models. Fig. 4 illustrates
the responses to feedback by showing cooperation rates averaged across
all games and periods as a function of own, partner, and rival actions in
the previous period. Each line depicts the group’s state in the previous
period. The leftmost to rightmost line respectively depicts cooperation
rates in response to mutual defection, unilateral defection, unilateral

15 We collected data on work experience, and there are no significant differ-
ences in behavior. Males made up 42% in PD, 71% in InFo, 54% in Rivairy, and
42% in SynerGy. Regressions in Appendix 1 Table A1 show that males cooperate
more and experienced participants cooperate less, and the main results are
robust to these controls. They are also robust to controls for Economics stu-
dents, which were not significant and dropped.
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Fig. 4. Cooperation as a function of own, partner, rival actions in the previ-
ous period.

cooperation, and mutual cooperation in the previous round.

The use of a trigger strategy where partner defection is punished by
defection is suggested by how cooperation rates are highest after mutual
cooperation but drop sharply after unilateral defection by either partner
or self and stay low after mutual defection. Regressions show that
LPartnerCoop is positive and significant across models, confirming that
participants match the previous defection of partners with defection.
This suggests that partner cooperation decreases over time because of
dynamic strategies. The increase in cooperation in Synercy relative to
Rivarry as incentives to cooperate increases and the responsiveness to
partner cooperation indicates the use of a cooperative strategy within
groups. This lends support to H1 and H3. In comparison, responses to
rivals are however much smaller in magnitude. This suggests that par-
ticipants cooperate less when it inflicts hurt on rivals because of an
intrinsic concern for rivals, which by symmetry averts conflict.'® To
corroborate, cooperation rates are not significantly higher in INFO
compared to PD as the MWU test above shows, PD is not significant in
models 1-4, and LRivalCoop in models 2 and 4 is not significant. This
lends support to H2 but not H4. These contrasting patterns of ingroup
and outgroup dynamics show that static preferences per se cannot fully
explain behavior in our games, thus motivating our structural analysis to
follow.

16 Rigure 3 shows that the relatively weak responses to rivalry counteract with
previous cooperation within the group, suggesting the escalation (de-escala-
tion) of conflict: cooperation rates increase (decrease) with cooperation in the
rival group if partners had mutually defected (cooperated), and increase
(decrease or hold) with unilateral (mutual) cooperation in the rival group if the
participant or partner had unilaterally defected.

Table 3
Distribution of current actions as a function of own and partner actions in the
previous period*.

Condition  LPartnerCoop  LCoop =1 LCoop =0 Fisher’s
Coop = Coop = Coop = Coop = p-value
1 0 1 0
PD 0 9 26 16 76 0.322
PD 1 43 11 7 28 <0.001
InFo 0 9 21 20 52 0.814
Inro 1 74 10 4 26 <0.001
RivALRY 0 6 25 18 126 0.386
RivALRY 1 5 5 8 23 0.241
SYNERGY 0 17 39 18 66 0.240
SYNERGY 1 12 10 18 38 0.077

" LCoop = lagged own cooperation, LPartnerCoop = lagged partner coopera-
tion, Coop = current period cooperation. Two-sided Fisher Exact Test between
Coop = 1 and Coop = 0.

4.2. Structural analysis of strategies and preferences

Table 3 shows the distribution of current actions disaggregated by
game as a function of own and partner actions in the previous period
(see Appendix 2, Table A2 for conditionality on rivals’ actions). Fisher’s
Exact Tests comparing Coop = 0 and 1 in Table 3 confirm that defection
(LCoop = 0) is unconditionally repeated, while cooperation (LCoop = 1)
is conditionally repeated only if the partner has also cooperated
((LPartnerCoop = 1: n.s.; LPartnerCoop = 1: p < 0.1 or better except Ri-
varry where cooperation is low overall).!” The decaying pattern of
cooperation over time shapes our structural model. We evaluate theories
that predict behavior in period t based on behavior in t — 1. Our evalu-
ation is therefore based on the frequencies of cooperating in 2 x 2
classes (LCoop by LPartnerCoop) for PD, and in the 3 x 2 x 2 x 3 =36
classes (game by LCoop, by LPartnerCoop, by LRivalCoop) for the other
three games.

We run structural analyses of the social preferences and boundedly
rational dynamic strategies that best explain the data. Table 4 summa-
rizes the results of our structural analysis of various models and their fit
based on the Akaike Information Criterion (AIC) and Bayes Information
Criterion (BIC).'® We combine altruism or inequity aversion with
exogenous beliefs (depending on previous period actions), or reciprocity
that has changing coefficients of altruism or inequity aversion with
endogenous beliefs (determined by QRE). Combining static utilities with

17 Table A2 in the Appendix 2 shows that previous rival decisions have weak
overall impact.

18 The Akaike Information Criterion is AIC = 2d — 2In(LL) with number of
parameters d. The Bayes Information Criterion is BIC = In(O)*d-2In(LL) with
number of observations O (Schwarz, 1978).
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Time horizon

Static:
Present period

Limited Lookahead:

Present and next period

Characterization Theory #Par -LogL AIC BIC #Par -LL AIC BIC
Mixture of rules Punish, ... 7 443.8 901.6 934.9 - - - -
Static utility Altruism 4 525.4 1059.0 1071.0 5 441.4 892.8 916.6
& exogenous beliefs FS 5 464.9 939.8 944.5 6 453.0 918.0 943.0
RDAexp 6 444.2 900.4 929.0 7 441.1 896.2 929.5
RDARist 6 455.9 923.8 952.4 7 439.7 893.4 926.7
Dynamic utility & DynAlt 5 517.7 1044.0 1069.0 6 480.6 973.2 1002.0
endogenous beliefs DynFS 7 467.6 949.2 982.5 8 467.6 951.2 989.3
* BIC is computed with 864 data points.
§ RDAhist has a dynamic component but is estimated under the same assumptions as RDAexp in order to allow comparisons. DynFS = CR.
endogenous beliefs predicts the same behavior in every period, which is .
’ wa(t) =ua(t) + 6%ua(t+1). (6)

obviously different from observed behavior as shown in Figs. 3 and 4.
Combining dynamic utility with exogenous beliefs introduces two
competing sources of dynamic behavior. For static utilities with exoge-
nous beliefs, we evaluate decisions from the viewpoint of player A,
whose partner is player B and rivals are players C and D.

We denote utility with u; =u, following the social preference
models described in Egs. (1) to (4). One’s payoff x; is determined by the
expected payoff x4, and co-players’ expected payoffs x; are xp for
ingroup player B as well as x¢ and xp for outgroup players C and D. The
preference parameters (when applicable in a model) are ag, 5, and 65
for ingroup player B and ooy, B,,;, and 6, for outgroup players C and D.
For PD, 0y = 0, B, = 0, and 6,,, = 0 due to the lack of feedback on
outgroup incomes. Expected payoffs are determined by the following
exogenous beliefs. If both players have contributed or defected, they are
expected to repeat their actions. If a player has defected and the partner
has cooperated, she continues defecting, and the partner is expected to
cooperate with probability 5. The estimated mixture of behavioral rules
shows that the majority of participants play the dynamic strategy of
Punish,'® where co-players are expected to cooperate if 7=1, and defect
for the remaining rounds, i.e. unyielding defection if #=0. The same
holds for the beliefs of rival strategies.

We first assume that players maximize u,(f) in every period.
Following the definition of RDA in Section 2.2, for the absolute RDA
models, the reference payoff x; in RDAexp is the expected payoff, while
RDAhist conditions on the historical payoff, i.e. one’s previous period
payoffs.’’ The payoff x, is always the expected payoff, depending on
whether one cooperated (Coop = 1) or not (Coop = 0). Coefficients in the
relative RDA models depend on payoffs relative to those of partners and
rivals as follows.

e o applies only if x4 < x}, otherwise it is substituted by fj,
e o, applies only if x4 < ’%, otherwise it is substituted by §,,,.
Finally, we extend the models by assuming that players have limited

lookahead (LLA), i.e. present period actions shape expectations of ex-
pected payoffs u, (¢ +1) and optimal actions for the next period. In our
models, looking ahead strengthens incentives for partner cooperation
because one player’s defection in period t implies high probabilities of
both players defecting in t + 1 and therefore in all further periods.
Letting players look ahead more than one period increases this incen-
tive, but such an effect does not differ much from an increased discount
rate (which is allowed to be larger than 1). Players maximize

19 Appendix 2, Table A3 reports the population shares of rules: 71% of par-
ticipants play Punish, 14% maintain their previous actions, 1% play TfT with
partners, 0.5% play TfT with rivals, and 16% randomly deviate from these
rules.

20 Thus, RDAhist has a dynamic component, but as we want to compare it with
RDAexp we evaluate this model under the same assumption on belief formation.

For comparability with the other approaches, we include the final
period of data in the estimations. For all models, we assume errors in the
sense of QRE, such that the action that maximizes utility is not chosen
with probability 1 but that the probability of cooperation is determined
by logit quantal responses

#a(Coop=1)

)

pa(Coop=1) = ehua(Coop=1) { ghus (Coop=0)"

For LLA models, u is substituted by w. Table 4 shows that models
with exogenous beliefs outperform those with endogenous beliefs, and
within the class of models with exogenous beliefs those with altruism
outperform the FS model. Estimates for the other models (mixture of
rules, dynamic utility and endogenous beliefs) are found in Appendix 2,
Table A4. Extending the time horizon by one future period (LLA) does
not improve both FS models while all altruism models improve signifi-
cantly. The best-fitting models are Alt-LLA and RDAhist-LLA.

The absolute quality of each theory is evaluated by two measures.
The first is a 2 test, which shows that the predicted frequencies are not
significantly different from the empirical frequencies (see Table 5). The
second is the best possible log-likelihood score, which is reached when a
theory predicts exactly the empirical frequencies.”’ This prediction
implies LL = -418.7. The prediction of the same average frequency for
all cases has LL = -598.9. Theories can improve on the latter, but can
never reach the former. With LL = —439.7 for RDAhist-LLA and LL =
—-441.4 for Alt-LLA, the two models are closer to the upper bound than
other theories.

The parameter estimates of the four best models, all of which involve
altruism, are reported in Table 5. Appendix 2, Table A5 reports the es-
timates for the other reciprocity models such as with FS inequity aver-
sion and CR reciprocity. The ingroup altruism coefficients oz and f, as
well as the probability of cooperating with a previously defecting part-
ner 7, are not significantly different from zero implying a strategy of
unyielding defection in response to partner defection. The outgroup
altruism coefficients o, and B,,, are significantly different from zero.
By and large, the objective function of the first three models in Table 5
can be written as

up(t) = x4 () + 0.6 %0 () (8

wa(t) = us(t) + 1.25%u,(t+1). 9)

Participants expect partners’ actions to be rule-based (n = 0, i.e.
unyielding punishment of partner defection) and not utility-based, and
this cooperative strategy accounts for the absence of altruism towards
partners in Eq. (8). § =1.25 in Eq. (9) indicates that, on average

21 This is possible only as a population mixture of deterministic behavior.
Actual behavior is different because players often respond differently to the
same previous period pattern of decisions.
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Table 5
Parameter estimates and standard deviations for the best altruism models*.
2 [ ap Bous s n B p(®)

Alt-LLA 2.924 —0.075 0.601 0.041 1.370 0.187
S.D. 1.017 0.204 0.170 0.089 0.403
RDAhist-LLA 2.661 0.152 -0.005 0.705 0.732 0.099 1.172 0.268
S.D. 1.076 0.209 0.210 0.223 0.237 0.111 0.369
RDAexp-LLA 4.520 —0.434 -0.217 0.417 0.422 0.017 1.223 0.135
S.D. 2.282 0.501 0.264 0.222 0.226 0.099 0.236
RDAexp 3.735 1.000 0.602 0.697 0.724 0.055 - 0.044
S.D. 0.504 0.010 0.035 0.141 0.145 0.086 -

" Standard deviations (S.D.) are computed from the Hessian of the log-likelihood function. y? is determined for the predictions of contribution frequencies in the 40
classes defined by the actions in the four treatments by self, partner, and rivals in the previous period. Models and parameters are defined in Section 2.2. We denote A =
precision parameter of QRE, ag (f) = altruism parameter for A’s in-group partner B in the case he has less (at least as much) income than (as) A, ®t,u (B,,,) = altruism
parameter for A’s outgroup rivals C and D in the case they have less (at least as much) income than (as) A, n = probability of continuing to cooperate after the partner

has defected, and 6 = discount rate.

participants look ahead more than one period.>? Cooperation is fostered
by one’s increased expected payoff in the next and the following periods,
but hindered by one’s decreased expected payoff in the present period
and by altruism towards rivals, which explains H1, H2, and H3.

5. Discussion and conclusion

We analyzed intragroup cooperation in finitely repeated intergroup
conflict games, where helping partners hurts rivals, and found evidence
of conflict aversion. Whereas there was a willingness to cooperate when
it would yield outgroup loss, it was significantly less than with intra-
group gains (H1) or without intergroup conflict (H2). Participants
anticipated the benefits from cooperation, but also considered the losses
that it would inflict on rivals. Indeed, participants responded to feedback
on the lagged actions of partners (H3) but not of rivals. Our structural
analysis showed that these patterns are explained by the belief that
partners will punish defection with unyielding defection and by
“altruism” to the outgroup.

Cooperation improves partner welfare and is observationally
compatible with altruism. However, “parochialism” is explained by self-
serving strategies rather than altruism. The incentive to cooperate is
derived from expected profits from partner cooperation, rather than a
self-sacrificing preference for the welfare of partners, as is evident from
the unyielding punishment that follows from partner defection. Limited
lookahead reinforces cooperation but is unstable as it breaks down upon
defection under the expectation of unyielding punishment. Thus,
cooperation was observed in the initial rounds, but it diminished over
time.?

Outgroup altruism further motivates the de-escalation of conflict and
acquiescence between groups, which serves to avert mutually destruc-
tive conflict. It limits hostility when the incentive to engage in inter-
group conflict is weakened with less synergy, implying a greater cost and
risk of ingroup cooperation, and with more rivalry, implying a lower
cost of outgroup altruism and greater expected cost of rival retaliation.
The hesitation to retaliate, reflected in the lack of lagged responses to
rivals, therefore implies altruism rather than dynamic strategies.

Appendix 1. Robustness checks

Table Al

Outgroup “altruism” can thus be interpreted as a proximate (i.e. not
fueling a war) rather than an ultimate (i.e. pure altruism) cause for
intergroup conflict aversion.

Our study demonstrated the limits of intergroup conflict as a moti-
vation for intragroup cooperation in the context of finitely repeated
games. It operates through two channels: intragroup cooperation is
driven by dynamic cooperative strategies that entail punishment of
defection, but attenuated by conflict aversion driven by altruism.
Intragroup cooperation in repeated intergroup conflicts therefore di-
minishes over time. Future research could test the generalizability of
these results to conflict behavior in infinitely repeated games with
controlled random termination rules and sequences with a minimum
number of periods (Frechette & Yuksel, 2017), other dynamic strategies
or preferences, larger samples including non-student ones, neutral and
other loaded frames, and different group identity inducements.

Data availability

The data and experimental materials are available on OSF
(https://osf.io/z4epn/).
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Table Al
Binary logit regressions of cooperation with covariates®.
5) (6) @ ®
Period —0.151%*** —0.140%** —0.151%** —0.140%**
(0.022) (0.034) (0.022) (0.034)
LPartnerCoop 1.147%** 1.066%** 1.147%** 1.066%**
(0.200) (0.245) (0.200) (0.245)
LRivalCoop 0.042 0.042
(0.235) (0.235)
PD —0.434 —0.434
(0.434) (0.434)
Rivairy —1.149%** —1.126%*
(0.402) (0.500)
SYNERGY —0.503 —0.484
(0.339) (0.391)
Tin 3.876%* 3.853**
(1.526) (1.567)
Fout 6.896% 6.757%*
(2.411) (3.000)
Gender 0.589%** 0.640%** 0.589%** 0.640%**
(0.199) (0.203) (0.199) (0.203)
Experience —0.601** —0.530* —0.601** —0.530*
(0.291) (0.321) (0.291) (0.321)
Constant 0.012 —-0.112 —2.572%* —2.681%*
(0.367) (0.667) (1.051) (1.043)
Pseudo R? 0.147 0.147 0.147 0.147
N 837 621 837 621

" The dependent variable is Coop (= 1 if one cooperated, = 0 if otherwise). Gender = 1 if male, = 0 if female. Experience = 1 if participant had work experience, = 0 if
otherwise. Standard errors clustered by session are found in parentheses. The p-values reported here are two-tailed, with * denoting p < 0.10, ** denoting p < 0.05, and
*** denoting p < 0.01.

Appendix 2. Further dynamic analysis

Taking all four games together, we have forty different decision situations with forty frequencies of contributions in the next round. The number of
degrees of freedom for chi-square goodness-of-fit tests is forty minus the number of estimated parameters. Table A2 shows the empirical distribution of
contributions in the forty decision situations.

Next, we consider other behavioral theories used in analyzing the repeated prisoner’s dilemma. Dal Bo and Fréchette (2018) survey the perfor-
mance of simple behavioral rules as Tit-for-Tat (TfT), Punish, Win-Stay-Lose-Shift (WSLS), “never contribute” (0), “always contribute” (1) and some
other less often played rules. We extend these five rules by Inertia = “repeat your previous choice” and TfToth = “contribute if LRivalCoop = 2 “or,
alternatively, LRivalCoop > 1. In addition, we assume a “trembling hand” probability e which describes random deviations from the rules (same for all
rules). With these components we estimate population shares (PopSh, the share of TfToth is the residual share) for the behavioral rules. The result is
presented in Table A3.

Table A2
Frequency distribution of decisions Coop = 0 or 1 dependent on the vector of previous decisions of self, partner, and rivals.
Game LPartnerCoop LRivalCoop LCoop =1 LCoop =0
Coop =1 Coop =0 Coop =1 Coop =0

PD 0 9 26 16 76
PD 1 43 11 7 28
Inro 0 0 2 8 3 17
InrFo 0 1 2 4 6 14
InFo 0 2 5 9 11 21
Inro 1 0 31 1 0 10
InFO 1 1 24 4 2 4
INFO 1 2 19 5 2 12
RivALRY 0 0 2 15 10 94
RivaLrY 0 1 4 8 7 27
Rivalry 0 2 0 2 1 5
RivALRY 1 0 3 3 4 13
RivaLrY 1 1 2 2 4 8
Rivalry 1 2 0 0 0 2
SYNERGY 0 0 4 17 9 27
SYNERGY 0 1 11 19 7 35
SYNERGY 0 2 2 3 2 4
SYNERGY 1 0 3 3 5 16
SYNERGY 1 1 7 3 11 19
SYNERGY 1 2 2 2 2 3

10
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Table A3
Estimation of a mixture of behavioral rules. PopSh = population share*.
1 0 TfT Punish WSLS Inertia TfToth € LogL
PopSh., € 0.012 0.044 0.133 0.535 0.049 0.167 0.060 0.134 443.79
PopSh., € - - 0.099 0.708 - 0.138 0.055 0.160 443.84
S.D. - - 0.058 0.103 - 0.059 - 0.018

* The share of TfToth is the residual share. Standard deviations in this and all following tables are computed from the inversion of the Hessian of the loglikelihood
function. The Hessian of the seven-parameter model is almost singular.

Table A4
Estimated parameters and standard deviations for altruism and FS models with exogenous beliefs and constant coefficients of utility functions®.
2 By op Bour Oour n 5 AIC

Alt 3.761 0.358 1 0 - 1059
S.D.* - - - - -
Alt-LLA 2.926 —0.075 0.601 0.041 1.367 892.8
S.D. 1.017 0.204 0.170 0.089 0.403
RDARist 2.607 1.000 0.461 0.968 0.995 0.208 - 923.8
S.D. 0.402 0.015 0.066 0.200 0.223 0.092 -
RDAexp 3.735 1.000 0.602 0.697 0.724 0.055 - 900.4
S.D. 0.504 0.010 0.035 0.141 0.145 0.086 -
RDAhist-LLA 2.631 0.152 -0.005 0.705 0.732 0.099 1.183 893.4
S.D. 1.076 0.209 0.210 0.223 0.237 0.111 0.396
RDAexp-LLA 4.520 —0.434 -0.217 0.417 0.422 0.017 1.223 896.2
S.D. 2.282 0.501 0.264 0.222 0.226 0.099 0.236
FS 1.591 1.000 1.000 1.000 1.108 0.101 - 939.8
S.D. 0.164 0.007 0.011 0.011 0.718 0.118 -
FS-LLA 3.312 -9.631 0.153 0.168 0.167 0.008 1.027 918.0
S.D - - - - - - -

Qout = ¢ = ap and f,,, = fc = fp. The Hessians of the loglikelihood functions of Alt and FS-LLA are singular. Models and parameters are defined in Section 2.2.
We denote 4 = precision parameter of QRE, ap () = altruism parameter for A’s ingroup partner B in the case he has less (at least as much) income than (as) A, dou
(Boue) = altruism parameter for A’s out-group members C and D in the case they have less (at least as much) income than (as) A, n = probability of continuing to
cooperate after the partner has defected, and § = discount rate. For the FS models, the coefficients a and f refer to the difference between own and others’ income.

Table A5
Estimated parameters and standard deviations for reciprocity models*.
A Ps aB Op Pout Qout Oout 8 AIC

DynAlt 9.980 —0.182 —3.504 0.360 —0.137 - 517.7
S.D.* - - - - - -
DynFS=CR 17.21 0.506 0.287 0.169 2.526 0.894 0.000 - 467.6
S.D. 9.051 0.081 0.073 0.189 0.337 0.111 0.005 -
DynAlt-LLA 1.575 0.069 1.696 1.096 0.525 0.443 480.6
S.D. 0.228 5.486 132.4 0.377 0.287 0.111
CR-LLA 17.24 —0.507 0.287 0.168 2.527 0.894 0.000 0.000 467.6
S.D. 1.307 0.027 0.020 0.223 0.144 0.039 0.005 0.009

" DynAlt with changing altruism coefficients and DynFS = CR with changing FS coefficients with endogenous beliefs (QRE). aour = ac = ap, foue =FPc = Pp> and Opue =
0c = 0p. The Hessian of the loglikelihood function of DynAlt is singular. For the definition of the other parameters, see the note for Table A4. 05 and 0, define the rate
of change for coefficients due to reciprocity (see Section 2.2).
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