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Abstract 

We design a laboratory experiment to study the impact of group identity on individual 

cooperation in infinitely repeated prisoner’s dilemma games. Group identity is randomly 

assigned and further enhanced in the laboratory. We find that group identity influences the 

participants’ actions. However, this impact is contingent on  the probability of future 

interactions and the risk of cooperation. Group identity leads to higher, sustainable levels 

of cooperation with ingroup members when the probability of future interactions is high 

and the risk of cooperation is low. However, its impact on cooperation with ingroup 

members is less robust and shows a large degree of heterogeneity when the probability of 

future interactions is low and the risk of cooperation is high. We also find that participants 

are significantly less likely to adopt the always-defect strategy with ingroup members. The 

findings illuminate our understanding of the potential important impact of group identity 

on long-term cooperation, about which the previous literature on repeated games is largely 

silent. 
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1. Introduction 

In the modern era of economic globalization, more and more organizations benefit from 

the diverse workforce through increased productivity and creativity. However, it remains 

challenging to motivate employees from diverse backgrounds to work together. To address 

this challenge, various group-building practices have been used to foster a common group 

identity among employees within organizations (Graves, 2014; O’Hara, 2014). 

The essence of group identity in influencing individual behavior has been documented 

in extensive literature in psychology and expanding literature in economics. However, most 

of this literature has focused on one-shot or short-term interactions among individuals. In 

contrast, many important real-life interactions, such as those among co-workers, partners 

of firms, and research collaborators in academia, are repeated and involve long time 

horizons. One key factor to the success of these relationships is long-term cooperation. 

Game theory, however, predicts that in long-term relationships, many of which can be 

conceptualized in the infinitely repeated prisoner’s dilemma games, both cooperative and 

non-cooperative choices can be selected by agents in equilibrium. As a matter of fact, 

recent studies reviewed in Section 2 suggest that it is difficult for cooperation to prevail in 

repeated games although it could be sustained as equilibrium under certain conditions. 

An interesting question that has not been addressed in the literature is whether group 

identity could play an important role in influencing the repeated, long-term interactions 

among individuals. In this study we answer this question by designing a laboratory 

experiment to investigate the impact of group identity on the dynamics of cooperation and 

the choices of repeated game strategies in infinitely repeated prisoner’s dilemma games. 

Group identity is induced and further enhanced through a collective problem-solving task 

in the lab. Individual choice and strategies are then compared across different treatments 

in which they are paired within groups, across groups, or in a group-neutral setting. We 

find that group identity influences participants’ action, but the degree of the impact depends 

on the probability of future interactions and the risk of cooperation. Specifically, when the 

probability of future interactions is high and the risk to cooperate is low, group identity 

leads to higher, sustainable levels of cooperation with ingroup members by boosting 

participants’ unconditional cooperation regardless of their past experiences in the games. 

Otherwise, its impact on cooperation with ingroup is less robust and highly heterogeneous 
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when the probability of future interactions is low and the risk to cooperate is high. More 

importantly, we find that participants are significantly less likely to adopt the defective 

strategy with ingroup members. 

This study contributes to the economics literature in several aspects. To the best of our 

knowledge, it is the first paper that investigates the impact of group identity on infinitely 

repeated game strategies. Group identity is a central concept in social psychology, 

sociology, anthropology and political science but has not drawn much attention in 

economics until Akerlof and Kranton’s seminal work (2000). Our paper unveils the 

important influences of group identity in the infinitely repeated prisoner’s dilemma games, 

a challenging domain in game theory where cooperation is found very difficult to maintain 

in the long term. Our findings contribute to our understanding of a fundamental question 

on whether and how group identity may affect individual choices and strategies in a long 

term, strategic environment. 

In addition, our results shed light on the great potential of behavioral factors in the 

research areas on which economic factors have primarily been focused. Our study also 

extends the economics investigation on group identity beyond the horizon of one-shot or 

short-term interactions. It shows the power of group identity in improving cooperation in 

longer term, repeated interactions among economic agents. Our results also reveal the 

complementary roles that group identity and economic factors may play in influencing 

individual actions and choices of repeated-game strategies. These points will be revisited 

in the conclusion with an eye to useful implications for organizational policy design. 

The rest of the paper is organized as follows. Section 2 provides a literature review on 

group identity and infinitely repeated prisoner’s dilemma game. Section 3 summarizes the 

experimental design. The analysis and results are presented in section 4. Section 5 

concludes. 

 

2. Literature Review 

Fast growing economics literature on both group identity and infinitely repeated games has 

appeared in recent years. In this section we review these two strands of literature in 

experimental economics, and focus on the research that closely relates to this study. 

2.1 Group Identity 
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Social identity is a person’s sense of self that has been derived from perceived membership 

of social groups. Since the social identity theory developed by Tajfel and Turner (1979, 

1985), the power of identity in influencing individual behavior has been documented in 

extensive psychology literature (reviewed in Brewer (1991); Abdelal (2009)). This line of 

literature generally shows that shared group identity increases pro-social behavior within 

groups (see Hewstone et al. (2002) for a review of research on ingroup bias). 

In economics, the concept of social identity is first introduced into economic modeling 

in the seminal work by Akerlof and Kranton (2000), and has been further addressed by 

Akerlof and Kranton (2005, 2008, 2013). An increasing number of theoretical papers also 

contribute to our understanding of identity and economics (Fang and Loury, 2005; Basu, 

2010; Bénabou and Tirole, 2011). 

One approach that has been used to study the impact of group identity on economic 

decision making in experimental economics is to induce and enhance the participants’ 

artificial group identity in the laboratory through group-building exercises.1 Studies show 

that a shared group identity has important impact on individual social preferences (Chen 

and Li, 2009), helps increase cooperation in public goods games (Eckel and Grossman, 

2005), improves coordination in the battle of the sexes game (Charness et al., 2007) and 

the minimum-effort coordination game (Chen and Chen, 2011), and mitigates the hold-up 

problems in organizations (Morita and Servátka, 2013).2 In addition, Goette et al. (2012b) 

provide evidence on costly between-group conflicts, a dark side of group membership, in 

contrast to the positive impact of ingroup membership that has been found in other studies. 

More recent research also investigates the formation of groups and the interaction 

effects of group identity with monetary or other non-monetary factors. For example, Pan 

and Houser (2013) find that when groups are formed based on a more cooperative 

production process, they display less parochialism than those formed based on a more 

                                                           
1Another stream of experimental economics literature on identity focuses on naturally-

existing social identities, e.g., Bernhard et al. (2006); Goette et al. (2006); Benjamin et al. 

(2010); McLeish and Oxoby (2011); Goette et al. (2012a); Benjamin et al. (2016); 

Grosskopf and Pearce (2016). 

2Sutter (2009) finds that individual decisions with salient group membership, as shown in 

Charness et al. (2007), are largely the same as team decisions in a nonstrategic investment 

experiment. Ockenfels and Werner (2014) investigate the underlying mechanisms for the 

ingroup bias, and find that ingroup favoritism is partly belief-based. 
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independent production process. Charness et al. (2014) find that endogenous group 

formation per se can sustain a high contribution rate effectively in a public-goods 

experiment, and the contribution rate is further enhanced substantially by having a group 

task first. Masella et al. (2014) study in a principal-agent environment whether and how 

group membership influences the effectiveness of incentives. Weng and Carlsson (2015) 

examine the relative importance of shared common identity and peer punishment under 

different income distributions in team cooperation. Gioia (2016) finds that group identity 

influences the magnitude of peer effects on risk behavior. 

While intergroup preferences are found in the studies discussed above, a number of 

other studies indicate null results. Lane (2016) conducts a meta-analysis based on 77 lab 

experiments on intergroup discrimination during the past decade. He finds that about 33% 

of these studies show ingroup favoritism, 60% suggest no significant intergroup 

discrimination, and the rest indicate favoritism towards outgroup. Altogether, this suggests 

the importance of understanding when and how group identity has an impact on individual 

behavior. Our study attempts to answer these questions in a repeated game setting. We 

examine not only individual actions but also repeated game strategies, the latter of which 

deepens our understanding on human strategic thinking. 

2.2  Infinitely Repeated Games 

In this subsection, we review the literature on infinitely (or indefinitely) repeated games 

with perfect monitoring in which the opponents’ actions can be perfectly observed by 

participants. Dal Bó and Fréchette (2018) offer extensive discussions and meta-analysis on 

a broad range of repeated games, including finite repeated games and repeated games with 

imperfect public or private monitoring. 

A large volume of theoretical work studies determinants of cooperation in infinitely 

repeated games (see Mailath and Samuelson (2006) for a review of this literature.) Despite 

some major advances, theoretical predictions on individual behavior remain inconclusive. 

Specifically, the “folk theorem” suggests the existence of multiple equilibria in infinitely 

repeated prisoner’s dilemma games (Friedman, 1971; Fudenberg and Maskin, 1986). The 

theory, however, is silent on which equilibrium will be chosen. Experimental investigation 

has proved very useful in answering this question. Early experiments on infinitely repeated 

games (Roth and Murnighan, 1978; Murnighan and Roth, 1983; Feinberg and Husted, 1993; 
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Palfrey and Rosenthal, 1994) show that cooperation rate is generally higher when it can be 

supported in equilibrium, however it is not chosen by subjects as often as it should be. 

Comparing infinitely repeated with finitely repeated prisoner’s dilemma games of the same 

expected length, Dal Bó (2005) shows that the level of cooperation is higher in the former. 

In contrast, Lugovskyy et al (2017) do not find significant difference between finite and 

infinite public goods game. Dal Bó and Fréchette (2011) find that cooperation is high under 

discount factors for which cooperation can be supported in equilibrium, but it declines 

sharply to negligible levels when it cannot be supported in equilibrium. 

More recently, Blonski et al. (2011) suggest that the traditional criteria in considering 

cooperation in repeated games neglect the sucker’s payoff, the cooperator’s payoff when 

the opponent defects. Experimental evidence is provided to support the superiority of this 

criterion over the equilibrium one (Blonski et al., 2011; Dal Bó and Fréchette, 2011). Dal 

Bó and Fréchette (2018) further point out, however, that neither Nash equilibrium nor risk 

dominance provides a sufficient condition for a high level of cooperation in the repeated 

games.3  In a meta-analysis by Dal Bó and Fréchette (2018), they conclude that high 

cooperation will not emerge unless the set of parameters of the repeated games makes 

cooperation robust to strategic uncertainty. 

Besides the literature on the key built-in parameters of repeated games discussed 

above, a growing number of studies have investigated the impact of individual 

characteristics and social factors (e.g., risk preference, other-regarding preferences, and 

gender). The results in these studies indicate a lack of robust relationship between these 

factors and cooperation.4 Additionally, a recent laboratory experiment by Arechar, Dreber, 

Fudenberg and Rand (17) show that communication promotes cooperation in infinitely 

repeated games with imperfect or “noisy” public monitoring.  

                                                           
3 Breitmoser (2015) shows that when the risk-dominance criterion is satisfied, a Markov 

perfect equilibrium exists. 

4  Another strand of research studies environment-related factors such as community 

enforcement (Kandori, 1992). Related experimental investigations suggest that both the 

matching protocol and the number of human subjects affect the cooperation level under 

such settings (Duffy and Ochs, 2009; Duffy and Xie, 2016). 
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In sum, the overall findings in the literature suggest that the motivation for cooperation 

is mainly strategic consideration (Reuben and Suetens, 2012; Cabral et al., 2014; Dreber et 

al., 2014). Our study bridges the two research areas on group identity and repeated games. 

By demonstrating the impact of group identity on cooperation and strategies in repeated 

games, this study illuminates our understanding of the potential power of social incentives 

in influencing long-term cooperation, about which the previous literature on repeated 

games is largely silent. 

 

3. The Experiment 

3.1 Experimental Design 

To investigate how group identity influences actions and strategies in the infinitely 

repeated interactions, our study adopts a 3×2 factorial experiment design. We vary the 

group membership of the paired co-players on the one hand and the discount factor 𝛿 of 

the infinitely repeated prisoner’s dilemma games on the other hand. Table 1 provides an 

overview of the design. 

The group manipulation protocol was adopted from Chen and Chen (2011) which was 

based on the design of the Random Between treatment in Chen and Li (2009). In each 

session of treatments, twelve participants were randomly assigned to either a green group 

or an orange group. Both colors are the primary colors of the university where the 

experiment was conducted. In contrast, there is no group assignment in control sessions. 

Furthermore, in both control and treatments, participants each studied five pairs of 

paintings by Kandinsky and Klee for three minutes. They were then given eight minutes to 

complete a task involving guessing which artist made each of the two additional paintings. 

In the group treatments, communication was allowed within group in order to share 

information on this task. Participants were told not to share any information that could be 

used to identify themselves and not to use obscene or offensive language. The 

communication was not restricted to the paintings. In the control treatment, the painting 

task was conducted individually with no communication allowed. Each correct answer was 

worth 100 points. We used between-subject design. That is, when playing one infinite 

repeated prisoner’s dilemma games, participants were always paired with another person 

from the same group in the ingroup treatment, and were always paired with someone from 
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the other group in the outgroup treatment. Additionally, they were always paired with 

someone in the room in the control.  

[Table 1 about here] 

Our design of infinitely repeated prisoner’s dilemma games was built on the repeated 

games with 𝛿 =
1

2
 and 𝑅 = 40  in Dal Bó and Fréchette (2011). Participants played a 

symmetric prisoner’s dilemma game (see the stage game in Figure 1) repeatedly. Neutral 

language was used. Player’s actions were referred to as A for Cooperate and B for Defect, 

respectively. The number of rounds in each repeated game (referred to as ‘block’ in the 

experiment) was randomly determined by the computer based on 𝛿 ∊ {
1

2
,

2

3
}. After one 

round ended, the repeated game continued to the next round with the probability of 𝛿, and 

each participant would be still paired with the same co-player. Otherwise, the repeated 

game ended (with the probability of 1 − 𝛿) in which case each participant would be paired 

with a different co-player. Additionally, each session finished once the first repeated game 

after playing games for 60 minutes ended5. 

Note cooperation is a subgame perfect Nash equilibrium for both cases of 𝛿 in our 

design. However, cooperation is the risk dominant action only under 𝛿 =
2

3
. The risk 

dominant criterion captures the strategic uncertainty in the infinitely repeated games, that 

is, when the sucker’s payoff becomes smaller and cooperation becomes more risky, players 

may choose to avoid this risk by never cooperating. The concept of risk dominance is 

adapted from Harsanyi and Selten (1988) that study symmetric coordination games with 

two strategies. It is incorporated into the study of infinitely repeated games by Blonski and 

Spagnolo (2015).6 We chose 𝛿 =
2

3
 instead of 𝛿 =

3

4
 used in Dal Bó and Fréchette (2011) 

                                                           

5 In Dal Bó and Fréchette (2011), the cutoff is 50 minutes. Since we added belief elicitation 

stage for each round, we extended to 60 minutes to garner enough number of observations. 

For example, the number of repeated games in our control sessions with discount factor 

0.5 is 57, 65 and 99 respectively, while under the same set of parameters, each session in 

Dal Bó and Fréchette (2011) has 71, 72, 72 repeated games.  

6 A strategy is risk dominant if it is a best response to a 50:50 chance mixture of two 

strategies by the opponent. Despite an infinite number of strategies in the infinitely 

repeated games, two strategies - Always Defect and a cooperative strategy Grim - are most 

relevant. Hence, cooperation is considered as risk dominant if Grim is risk dominant in the 

game with only Always Defect and Grim (Blonski and Spagnolo, 2015). 
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because 𝛿 =
2

3
  is slightly beyond the risk dominance criterion and we want to examine 

whether group identity could play a role there.  

[Figure 1 about here] 

At the beginning of every round in each repeated game before choices were made, we 

solicited individual beliefs on the co-player’s choice using the quadratic scoring rule 

(Nyarko and Schotter, 2002). Specifically, we asked each participant to make guesses about 

how likely their co-player chooses action A (i.e., Cooperate) or B (i.e., Defect). Participants 

were paid based on the accuracy of their beliefs. At the end of each round, feedback was 

provided on one’s own choice and game payoff as well as the co-player’s choice in that 

round.  

On the decision screen, a history window provided each participant with the entire 

history of their choices from the first round of the first repeated game, the co-players’ 

choices, their earnings in all previous rounds of all previous repeated game. All this was 

public information and explained in the experimental instructions before the games started. 

In the group treatments, we solicited individual group sentiment, i.e., concerning their 

attachment to ingroup and outgroup respectively. This was done twice, one just after the 

painting task was completed and the other after the prisoner’s dilemma games ended.7 

Eighteen sessions were conducted at the Center and Laboratory for Behavioral 

Operations and Economics (CLBOE) ) at the University of Texas - Dallas in the summer 

of 2014. Participants were recruited through email using the online recruiting software 

ORSEE (Greiner, 2015). Each session had twelve participants except that two control 

sessions each consisted of 10 participants. This yielded 212 participants in total for the 

experiment. Participants were allowed to take part in only one session. The computerized 

experiment was programmed in (Fischbacher, 2007). Each session lasted approximately 90 

minutes. Participants were paid based on their cumulative earnings in all rounds plus their 

earnings in the painting task as well as the $5 participation fee. The exchange rate was 200 

                                                           

7 The self-reported group attachment scores show that before the prisoner's dilemma games, 

the ingroup attachment is significantly greater than the outgroup attachment for all 

treatments with groups (p < 0.01, Wilcoxon matched-pairs signed-ranks test). This suggests 

that the group manipulation using the painting task was successful. In addition, there are 

no significant differences in ingroup (or outgroup) attachment between the two group 

treatments (p > 0.10). 
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points for $1. The average earnings were $31 per participant. Experimental instructions are 

included in Appendix A.  A post-experiment survey (Appendix B) was conducted to collect 

information on demographics and participants’ experiences with the tasks during the 

experiment. 

3.2 Questions 

In this section, we outline our main research questions regarding the impact of social 

identity on action and strategies in repeated games. First, when 𝛿 = 0.5, both defect and 

cooperation can be supported in SPNE, and we are interested in examining whether group 

identity could be an effective tool for equilibrium selection and help individuals converge 

to cooperation. For example, Chen and Chen (2011) find that enhanced group identity leads 

to more coordination to the efficient outcome in the minimum-effort game.  

 

Question 1: In games where cooperation is one SPNE, does group identity promote 

cooperation? 

 

Second, when =
2

3
 , cooperation is both equilibrium outcome and risk dominant. 

Though Blonksi and Spagnolo (2001) show that risk dominance is a better predictor for 

cooperation than the standard equilibrium criterion, experimental results in Dal Bó and 

Fréchette (2011) suggest that it is still not a sufficient condition for sustaining cooperation 

in repeated games. This leads to our next question.  

 

 

Question 2: In games where cooperation is risk dominant, does group identity 

promote cooperation? 

 

Last, we are interested in examining whether group identity affects the choice of 

repeated game strategies. By examining this, we are able to understand the possible 

behavioral change caused by group identity in a more dynamic way. Recent experimental 

studies have been discussing how factors outside the payoff structures affect the choice of 

repeated game strategies. For example, Cooper and Kagel (2019) compare the choice of 

repeated game strategies between individuals and groups in the infinitely repeated PD 
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games. In particular, teams tend to deploy more sophisticated strategies and converge to 

more cooperative strategies over time. Arechar et al (2017) show that communication 

facilitates the choice of cooperative strategies, but only when the return to cooperation is 

high.  

 

Question 3: Does group identity promote the choice of more cooperative repeated 

game strategies?  

 

4. Results 

In this section we investigate the impact of group identity on participants’ choice on 

cooperation and repeated game strategies. We first present the aggregate treatment effects 

of group identity on cooperation and efficiency. We then examine the channels through 

which group identity is at work. We also analyze how group identity influences individual 

choice of strategies. 

4.1  Analysis of Cooperation 

Table 2 summarizes the average cooperation rate of individual participants by 

treatment. For each 𝛿, we present results in the first rounds, those in all rounds for the first 

repeated game, and all repeated games separately. Note that examining results in the first 

rounds separately is crucial since different repeated games may consist of different 

numbers of rounds, and cooperation may very likely change across rounds. Two-sided p 

values of ranksum test are reported in the last three columns. The companion Figure 2 

displays the time series of average cooperation by treatment and session. 

[Table 2 about here] 

Table 2 shows that in general, individual cooperation is higher in the ingroup than in 

the control and the outgroup treatments. When 𝛿 =
1

2
, cooperation in the ingroup treatment 

exceeds that in the control treatment by 21.0 percentage points (77.3% in ingroup v. 56.3% 

in control, p = 0.05) in all rounds of the first repeated game, and by 19.8 percentage points 

(40.3% in ingroup v. 20.5% in control, p = 0.513) in all rounds of all repeated games. The 

three figures in the first row of Figure 2 further show that this positive impact of group 

identity on cooperation exhibits heterogeneity across sessions. In two out of the three 

sessions in the ingroup treatment, cooperation had moderate decrease at the beginning of 
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the experiment, but maintains at about 50% until the last repeated game. In the third session, 

however, cooperation decreases sharply after the first ten repeated games, and remains 

lower than 20% for most of the time until the end of the experiment. This cross-session 

heterogeneity reflects the fact that the positive impact of ingroup matching on cooperation 

may not be robust under 𝛿 =
1

2
. 

[Figure 2 about here] 

Table 2 also shows that under 𝛿 =
2

3
, average cooperation is higher in the ingroup than 

in the control treatment by 18.7 percentage points (71.9% v. 53.2%, p = 0.275) in all rounds 

of the first repeated game, and by 44.4  percentage points (80.4% v. 36.0%, p =0.05) in all 

rounds of all repeated games. As a matter of fact, the difference in cooperation between 

these two treatments in all the repeated games is about twice as large under 𝛿 =
2

3
 as that 

under 𝛿 =
1

2
. The second row in Figure 2 shows that in the ingroup treatment under 𝛿 =

2

3
, 

cooperation starts from a very high level and maintains at around or above 80% in all the 

three sessions. It indicates a substantial, stable improvement in cooperation relative to its 

control treatment. 

In addition, the last two columns in Table 2 suggest that no significant differences in 

cooperation are found between the control and the outgroup treatments in all the cases. 

Cooperation is nonetheless significantly higher in the ingroup than the outgroup treatment 

in all the repeated games under both 𝛿 parameters (p ≤ 0.001). Additionally, our treatment 

comparison for the first round of the first repeated game are largely consistent with prior 

findings in one-shot PD game, though the overall cooperation in our experiment is higher. 

For example, Simpson (2006) finds that by deploying a between-subject design with 

random group assignment, the cooperation rate is 64% for ingroup match, while it is 68% 

for outgroup match. In Goette (2006, 2012) which uses natural group identities, the 

likelihood of cooperation is 69% for ingroup and 50% for outgroup.  

In Table 3, we present a random-effect linear probability model (Wooldridge, 2010) to 

analyze how group identity influences individual cooperation and how this impact evolves 

over time. The dependent variable is the dummy variable for cooperation. The independent 

variables include the ingroup and the outgroup treatment dummies with the control 

treatment being omitted. Columns 1-4 are based on the first rounds of the repeated games, 
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and Columns 5-8 on all rounds. The even columns further control for the time trend. 

Standard errors are clustered on the session level. Results are very similar for the first 

rounds and for all rounds, and no differences are found between the outgroup and the 

control treatments in any specifications. Therefore, our discussion will focus on the ingroup 

versus control comparisons in the first rounds of the repeated games in Columns 1-4. 

[Table 3 about here] 

Column 1 of Table 3 shows that under 𝛿 =
1

2
 the average cooperation rate is 

insignificantly higher in the ingroup than the control treatment (0.200, p = 0.156). In 

Column 2 that includes the time trend, the coefficient of Block × Ingroup is 0.003 (p = 

0.013) compared to the coefficient of Block -0.004 (p < 0.001). It indicates that ingroup 

matching significantly reduces the overtime decay in cooperation compared to the control 

treatment. This effect of ingroup matching, however, exhibits large degree of heterogeneity 

across sessions, as evident in Figure 2. For 𝛿 =
2

3
 Column 3 shows that the coefficient of 

ingroup matching is 0.465 (p < 0.001), which is 46.5 percentage points increase in 

cooperation with ingroup relative to in the control. This effect is robust after the time trend 

is included in Column 4. We fail to find any impact of ingroup matching on the time trend 

of cooperation in Column 4 since the cooperation level remains high throughout the 

experiment in all the three sessions as shown in Figure 2. These findings are summarized 

in Result 1. 

Result 1 (Choice of Cooperation)  

1a.) Ingroup matching leads to a significant increase in cooperation under 𝛿 =
2

3
. Its 

impact on cooperation under 𝛿 =
1

2
, however, is insignificant and exhibits a large degree 

of cross-session heterogeneity. 

1b.) Outgroup matching does not influence cooperation relative to the control treatment 

under both 𝛿. 

Result 1a shows that the impact salience of group identity depends on the strategic 

uncertainty in the game. When cooperation is only one of the SPNE outcome, group 

identity can not always increase the cooperation rate. The insignificance between control 

and treatment suggests that ingroup favoritism and outgroup discrimination may not always 

occur jointly (Brewer, 1999). Similar findings are also reported in Chen and Chen (2011), 
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i.e., no difference is detected between control and treatments when enhanced group identity 

is used. 

In addition to investigating the relation between group identity and cooperation, we 

also examine the impact of group identity on efficiency. For each pair of players, efficiency 

is defined as their actual joint payoff as the proportion of the maximum joint payoff 

possible (80 tokens). The average efficiency for the first rounds of all the repeated games 

is 69.3%, 74.8%, and 67.8% for the control, ingroup and outgroup treatments under 𝛿 =
1

2
, 

76.0%, 94.4% and 78.6% under 𝛿 =
2

3
.8 Therefore, ingroup matching has negligible impact 

on efficiency under 𝛿 =
1

2
, but leads to 18.4 percentage points increase in efficiency (p = 

0.007) relative to the control treatment under 𝛿 =
2

3
. For both 𝛿, no significant differences 

are found in efficiency between the outgroup and the control treatments.9 

4.2  The impact of group identity on the determinants of cooperation 

In this subsection, we extend the analysis by investigating the impact of group identity 

on the determinants of cooperation. The literature suggests that the likelihood of 

cooperating may depend on individual characteristics (e.g., how likely one wants to 

cooperate), interaction with others (e.g., how likely the co-player cooperates), and the 

nature of the games (e.g., how long the games last, and how much risk it involves to 

cooperate.) In our analysis, we examine players’ past experiences and initial tendencies to 

cooperate, and study their different roles across treatments in which the players’ group 

identities and the probability of future interaction vary. Unlike some evidence in the 

literature suggesting that ingroup favoritism may be belief-based (Ockenfels and Werner, 

2014), we find no significant impact of group identity on participant's belief of cooperation 

in our experiment. We analyze and compare each participant's initial belief of the co-

player's cooperation in the first round of the first repeated game across the three treatments. 

Since the initial belief was elicited after the group manipulation and before the first 

decision being made, it is exogenous to participants' choices in the repeated games. We 

                                                           

8 For all the rounds of all the repeated games, the average efficiency is 68.9%, 75.0%, and 

67.5% for the control, ingroup and outgroup treatments under 𝛿 =
1

2
, 75.4%, 92.2% and 

76.6% under 𝛿 =
2

3
. 

9 The OLS analysis on efficiency is reported in Appendix C. 
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find that the initial belief of the co-player's cooperation is 58.1%, 73.8%, and 65.0% for 

the control, ingroup, and outgroup treatments under 𝛿 =
1

2
. It is 65.5%, 71.9%, and 62.3% 

for the three treatments, respectively, under 𝛿 =
2

3
. No significant differences in belief are 

found across treatments conditional on 𝛿, except that it is marginally higher in the ingroup 

than in the control treatment under 𝛿 =
1

2
 (58.1% v. 73.8%, p = 0.089). It suggests 

qualitatively positive but statistically insignificant impact of group identity on cooperation. 

Furthermore, in the first round of the first match, subjects are significantly more likely to 

cooperate if the probability that she believes her co-player would cooperate is higher, and 

this impact is indifferent between control and treatments. This indicates that identity, at 

least in the beginning, does not affect the degree that a subject best responds to the solicited 

belief. Additionally, conditional on their choice in the first round of the first repeated game, 

subjects’ response time does not differ between control and treatments, e.g., the time for 

subjects to choose defect (cooperate) is indistinguishable.  

We again use a random effect linear probability model with the dependent variable 

being the dummy variable for cooperation. The analysis focuses on the data in the first 

round of all the repeated games. The three independent variables of interest include the 

index variable of each co-player’s cooperation in the first round of the previous block (𝛼1), 

the number of rounds in the previous block (𝛼2), and the index variable of the player’s 

cooperation in the first round of the first block (𝛼3). The first two independent variables 

capture the players’ past experiences in the repeated games. The third independent variable 

reflects the players’ initial tendencies to cooperate. This set of independent variables is the 

same as in the related analysis in Dal Bó and Fréchette (2011). Therefore, based on results 

from Dal Bó and Fréchette (2011), we form the following hypotheses. Specifically, the 

player is more likely to cooperate if a) the co-player cooperates in the previous block, b) 

the previous block lasts longer, or c) the player himself is inclined to cooperate initially.10 

By construction of this analysis, the coefficient estimate of the constant term (𝛼0) measures 

the average level of cooperation even after the co-player defects in the first round of the 

                                                           
10  Our coefficient estimates in the control treatment with 𝛿 =

1

2
 are similar to its 

corresponding treatment with 𝛿 =
1

2
 and R = 40 in their Table 6. 
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previous block and the player himself defects in the first round of the first block. Therefore, 

𝛼0 measures to what degree cooperation could be restored despite the past defection by the 

co-player and the lack of initial cooperation by the player himself. Standard errors are 

clustered on the session level. The analysis is conducted separately by treatment, and 

results are presented in Table 4. 

[Table 4 about here] 

As shown in Table 4, the three independent variables all have positive impact on 

cooperation in each treatment. Since we are primarily interested in the treatment effects, 

our discussion will focus on the comparisons across treatments. The tests of equality of 

coefficients (p values) across treatments are reported in the lower panel of Table 4. Results 

show that under 𝛿 =
1

2
 the impact of the co-player’s cooperation in the previous block (𝛼1) 

significant and large in the ingroup treatment or the length of the previous block (𝛼2) does 

not differ significantly across treatments (p > 0.10). However, players who cooperate in 

the first round of the first block are more likely to cooperate in the subsequent blocks in 

the ingroup treatment than in the other two treatments (𝛼3 = 0.089 for control, 0.345 for 

ingroup, and 0.126 for outgroup; p = 0.003 ingroup v. control; p = 0.002 ingroup v. 

outgroup). This finding suggests ingroup favoritism, that is, a commonly shared group 

identity enhances players’ initial tendency to cooperate with ingroup. In addition, we find 

that  𝛼0 does not differ significantly between the control and ingroup treatments (p = 0.237) 

but is significantly greater in the control than the outgroup treatment (0.117 v. -0.012, p < 

0.001). It suggests that cooperation is less likely to take place subsequently with outgroup 

than in the control once the co-player defects in the previous block and the player himself 

lacks initial tendency to cooperate. 

Under the higher continuation probability 𝛿 =
2

3
, the cross-treatment comparisons 

exhibit different patterns. One important observation is that the estimate of 𝛼0 is 0.754 for 

ingroup, significantly greater than 0.221 for the control and 0.108 for the outgroup 

treatment (p < 0.001). It suggests that regardless the player’s initial tendency to cooperate 

and the co-player’s past choice, the “rebooting” capacity to restore cooperation across 

repeated games is substantially higher in the ingroup treatment than in the other two 

treatments under 𝛿 =
2

3
. An interesting question is why this strong, positive impact of group 
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identity is only being found under 𝛿 =
2

3
 (for which cooperation is risk dominant), but is 

absent under 𝛿 =
1

2
. One possible explanation is that the when players start a new 

supergame, they may be more lenient or forgiving towards historical defection by ingroup 

members.11 This leniency across supergames towards ingroup may be amplified by the 

high probability of future interactions and the low strategic uncertainty one faces by 

cooperating under 𝛿 =
2

3
. Therefore, more lenience(or higher likelihood of restart with 

cooperation) towards ingroup may become more appealing. As the result, the repeated 

games with 𝛿 =
2

3
 become more resilient to the past defection in previous repeated games 

for the ingroup treatment, compared to the other two treatments. 

Columns 4-6 in Table 4 further show that under 𝛿 =
2

3
 the estimate of  𝛼1 is 0.048 for 

ingroup, and it is significantly lower than 0.150 in the control treatment (p = 0.001). It 

indicates that although cooperation by the co-player in the past leads to an increase in the 

player’s cooperation rate in the subsequent blocks, the magnitude of this impact is 

significantly lower in the ingroup than in the control treatment. In addition, the estimate of  

𝛼3 is 0.087 in the ingroup which is significantly lower than 0.466 in the outgroup (p = 

0.001). This suggests that the player’s cooperation in the subsequent blocks relies on his 

initial cooperative choice to a lesser degree with the ingroup than with the outgroup. These 

two observations combined imply that cooperation with ingroup under 𝛿 =
2

3
 is less likely 

to be determined by players’ past experiences and initial tendencies to cooperate, relative 

to in the control and outgroup treatments. This lower level of reliance of cooperation on 

the past experiences or choices can be attributed to the stronger resilience against defection 

in the repeated games under 𝛿 =
2

3
 with the ingroup that we have discussed above. 

These findings in Table 4 can be summarized in Result 2. 

Result 2 (Determinants of the Group Identity Impact) 

                                                           
11 Some supportive evidence for more lenience or forgiveness towards ingroup can be 

found in Bernhard et al. (2006); Goette et al. (2006); Chen and Li (2009). 
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2a.) Under 𝛿 =
1

2
, participants who have high initial tendency to cooperate are more likely 

to continue to do so in the subsequent blocks in the ingroup treatment than in the other two 

treatments. 

2b.) Under 𝛿 =
2

3
, cooperation is higher in the ingroup treatment than the other two 

treatments regardless the participants’ past experiences and choices. 

Result 2 indicates that the shared group identity influences participants’ cooperative 

choices through different channels depending on the probability of future interactions and 

whether cooperation is risk dominant. When the probability of future interactions is low 

and cooperation is not risk dominant, the impact of group identity influences cooperation 

through the participants’ initial tendencies to cooperate. This impact, however, may not be 

robust, as evident by the cross-session heterogeneity in cooperation with ingroup under 

𝛿 =
1

2
 which is summarized in Result 1. In contrast, when the probability of future 

interactions is high and cooperation is risk dominant, the impact of group identity works 

through boosting participants’ unconditional cooperation so that their choices rely 

significantly less on their past experiences, hence cooperation can be restored more easily. 

This strong resilience against past defections could explain the robust and stable increase 

in cooperation with ingroup members under 𝛿 =
2

3
. 

Overall, Results 1 and 2 combined suggest that group identity has an important impact 

on cooperation in repeated games, and its impact may be more salient and robust when 

cooperation is risk dominant. 

 

4.3 Analysis of Repeated Game Strategies 

In addition to the impact of group identity on individual choice of actions across repeated 

games, another interesting question is whether and how it influences individual strategies 

within games. Following Dal Bó and Fréchette (2011), we use the maximum likelihood 

estimation (MLE) to analyze six repeated game strategies including Always Defect (AD), 

Always Cooperate (AC), Grim, Tit for Tat (TFT), Win Stay Lose Shift (WSLS), and a 

trigger strategy with two periods of punishment (T2). To minimize the potential confounds 
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due to learning, the analysis is based on data from the second half of all repeated games in 

each session.12 

Table 5 reports by treatment the estimated proportion of the data which can be 

attributed to each strategy of our interest. Since our research interest pertains to the impact 

of group identity on strategies, our discussions will focus on the comparisons across 

treatments (columns). Bootstrapped standard errors are included in the parentheses. 

Consistent with prior findings (Dal Bó and Fréchette, 2018, 2019; Romero and Rosokha, 

2018), AD, Grim and TFT account for the majority of the data. 

Table 5 shows that under 𝛿 =
1

2
, the defective strategy AD accounts for 93.7%, 61.0% 

and 94.4% (p < 0.01 in all cases) of the data in the control, ingroup and outgroup treatments, 

respectively. Under 𝛿 =
2

3
, the proportion of AD is 50.0% for the control (p = 0.009), 5.6% 

for ingroup (p > 0.10), and 50.0% for outgroup (p < 0.001). Therefore, conditional on 𝛿, 

we find that participants are significantly less likely to choose AD in the ingroup treatment, 

relative to in the control or the outgroup treatments. Specifically, under 𝛿 =
1

2
, the 

proportion of AD in the ingroup treatment is 32.7 percentage points lower than that in the 

control treatment (p = 0.032), and 33.4 percentage points lower than that in the outgroup 

treatment (p = 0.013). Under 𝛿 =
2

3
, the proportion of AD is 44.4 percentage points lower 

in the ingroup treatment than in the control (p = 0.023) and the outgroup treatments (p < 

0.001). 

[Table 5 about here] 

Under 𝛿 =
1

2
, TFT accounts for 6.3%, 23.4% and 1.4% of the data in the control (p > 

0.1), ingroup (p = 0.068) and outgroup treatments (p > 0.1), respectively. Under 𝛿 =
2

3
, it 

is 42.7% for the control (p = 0.010), 53.9% for ingroup (p < 0.001), and 26.2% for outgroup 

(p = 0.079). Although TFT is adopted qualitatively more often by participants in the 

ingroup treatment than other two treatments, the cross-treatment comparisons indicate no 

                                                           
12 These strategies and the maximum likelihood estimation specification are described in 

detail in Appendix D. We also expanded the strategy set to eleven strategies discussed in 

Table 3 in Fudenberg et al. (2012), and find that the results are similar. 
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statistically significant differences in TFT, with an exception of the marginally significant 

difference between ingroup and outgroup under 𝛿 =
1

2
 (23.4% v. 1.4%, p = 0.089). 

The proportion estimates for the two other non-defective strategies Grim and AC are 

statistically insignificant except Grim in the outgroup treatment under 𝛿 =
2

3
 (18.5%, p = 

0.04). Comparing ingroup with the other treatments, participants are qualitatively more 

likely to choose AC (under both 𝛿 parameters) and Grim (under 𝛿 =
2

3
). However, none of 

the cross-treatment differences are statistically significant. The remaining two strategies 

WSLS and T2 are barely adopted in the experiment. The statistically significant estimate 

for the parameter γ in all treatments (p < 0.01) suggests that bounded rationality plays an 

important role in the decision process. 

The findings above can be summarized in Result 3. 

Result 3 (Repeated Game Strategies) 

Under either 𝛿 =
1

2
 or 

2

3
, participants in the ingroup treatment are significantly less likely 

to choose the Always Defect (AD) strategy compared with the control and outgroup 

treatments. In addition, participants are marginally more likely to choose TFT with the 

ingroup than with the outgroup under 𝛿 =
1

2
. 

Result 3 echoes our early discussions on how group identity influences action. More 

importantly, it  deepens our understanding on the positive impact of group identity in 

choices in the strategy space. That is, when making their choices of strategies, participants 

are less likely to adopt defective strategy and more likely to adopt cooperative strategies 

with the ingroup members. 

 

5. Conclusion 

In this paper we design a laboratory experiment to investigate the impact of group identity 

on the dynamics of cooperation and individual repeated game strategies in infinitely 

repeated prisoner’s dilemma games. Our results show that when the probability of future 

interactions is high and the risk to cooperate is low, a commonly shared group identity 

boosts participants’ unconditional cooperation regardless the previous interactions and 

consequently leads to higher, sustainable levels of cooperation. In contrast, when the 

probability of future interactions is low and the risk to cooperate is high, group identity 
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works through strengthening players’ initial cooperative tendencies with the ingroup, but 

its overall impact on the cooperation rate exhibits a large degree of cross-session 

heterogeneity. We also find that participants are significantly less likely to adopt the 

defective strategy with the ingroup members. 

This paper extends the economics literature of game theory by introducing an important 

and effective non-pecuniary behavioral factor, group identity, into the analysis of infinitely 

repeated games. Compared with the previous studies that primarily focus on the monetary 

factors (e.g., payoffs) and game environment (e.g., discount factor), this study shows that 

the co-players’ group identity significantly influences participants’ actions and strategies. 

These findings enrich our knowledge on how behavioral factors may contribute to solve 

cooperation problems in infinitely repeated interactions, a challenging research domain in 

game theory. 

Furthermore, incorporating group identity into repeated games enables us to understand 

its impact at the strategy level. We find that compared to the baseline with no groups, 

participants are less likely to deploy the defective strategy with the ingroup. While previous 

studies have documented the impact of group identity on preferences and beliefs (e.g., 

Chen and Li (2009); Ockenfels and Werner (2014)), this new finding on repeated game 

strategies enlightens us on the fundamental question regarding how identity influences 

individual economic decision making.Our findings also have practical implications for 

organizational design.It is worthwhile to note that the effects from minimum group and 

natural group may exhibit qualitative difference (Goette et al., 2012). Our results here 

provide a lower bound for observing the impact of group identity in the long-run.   

The issue of cooperation is an important key to the success of organizations in the 

modern life. Particularly, knowing how to motivate cooperation to increase productivity 

presents a major challenge for organizations that face an increasingly diverse work force 

as well as rapid technological and market changes. Our results suggest that organizational 

policy to promote common group identity may influence long-term employment 

relationships quite well. In addition, the monetary compensation scheme and the 

investment in the employees’ “motivational” capital (i.e., their organization identity, 

Akerlof and Kranton (2005)) may need to be tailored differently for the long-term and short-

term employees. 
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This paper serves as a valuable first step towards understanding the influence of group 

identity in infinitely repeated games. Future studies could extend this line of research to 

investigate how the strength of group identity, strategic uncertainty and their interactions 

affect individual choices of actions and repeated game strategies. Another possible 

direction is to investigate the impact of group identity in other repeated games (e.g., 

principal-agent problems and gift-exchange), and the effect of group identity in repeated 

games with imperfect monitoring (Aoyagi and Frechette, 2009) and games with costly 

punishment (Dreber et al., 2008). It will be also interesting to extend the investigation of 

group identity to more naturally occurring settings such as evaluating how identity-based 

social groups (e.g., teams in organizations) influence cooperation in real-life repeated 

interactions, as well as studying the implication of group identity in prisoner’s dilemma 

with group decisions (Kagel and McGee, 2016; Cason and Mui, 2016). 
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Table 1: Experimental Design 

Treatment 
Group 

Assignment 

Problem 

Solving 

Number of 

Sessions 

Number of 

Subjects 

𝛿 = 1/2 Control None Self 3 32 

 Ingroup Random Chat 3 36 

 Outgroup Random Chat 3 36 

𝛿 = 2/3 Control None Self 3 36 

 Ingroup Random Chat 3 36 

  Outgroup Random Chat 3 36 

 

Table 2: Individual Cooperation (%) by Treatment 

    
Control Ingroup Outgroup 

Control  Control Ingroup  

    
 v. 

Ingroup 

 v. 

Outgroup 

 v. 

Outgroup 

δ = 0.5 
 

      

First repeated  

First 

round 65.6 77.8 77.8 0.184 0.513 1.000 

game 

All 

rounds 56.3 77.3 67.6 0.050 0.513 0.513 

All repeated 

First 

round 23.2 42.8 16.3 0.513 0.275 0.275 

 games 

All 

rounds 20.5 40.3 14.8 0.513 0.513 0.275 

δ = 0.67          

First repeated 

First 

round 61.1 77.8 66.7 0.072 0.346 0.261 

 game 

All 

rounds 53.2 71.9 61.6 0.275 0.376 0.513 

All repeated  

First 

round 40.8 87.3 47.9 0.050 0.827 0.050 

games 

All 

rounds 36.0 80.4 38.5 0.050 0.827 0.050 

Note: We report session level of average cooperation rate and there are 3 sessions per treatment. In the last 3 columns, 

two-sided p-values of rank sum tests are reported. 
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Table 3: Treatment Effect on Cooperation 

 

  (1) (2) (3) (4) (5) (6) (7) (8) 

δ 1/2 1/2 2/3 2/3 1/2 1/2 2/3 2/3 

Round 1st 1st 1st 1st All All All All 

Time trend No Yes No Yes No Yes No Yes 

Ingr 0.200 0.010 0.465*** 0.445*** 0.202 0.120 0.444*** 0.482*** 

 (0.141) (0.138) (0.131) (0.057) (0.136) (0.139) (0.129) (0.069) 

Outgr -0.064 -0.037 0.071 0.110 -0.052 -0.019 0.025 0.118 

 (0.0643) (0.122) (0.155) (0.077) (0.057) (0.112) (0.144) (0.074) 

Block  
-
0.004***  0.001  

-
0.004***  0.004 

  (0.001)  (0.006)  (0.001)  (0.005) 

Block × 

Ingr  0.003**  0.0002  0.002**  -0.003 

  (0.001)  (0.006)  (0.001)  (0.005) 

Block × 

Outgr  -0.001  -0.002  -0.001  -0.004 

  (0.002)  (0.006)  (0.002)  (0.006) 

Constant 0.227*** 0.395*** 0.408*** 0.390*** 0.201*** 0.337*** 0.360*** 0.274*** 

 (0.039) (0.047) (0.131) (0.053) (0.032) (0.036) (0.125) (0.065) 

Obs. 8,048 8,048 5,568 5,568 15,776 15,776 16,692 16,692 

No. of Sbj 104 104 108 108 104 104 108 108 
Notes: The dependent variable is the likelihood of cooperating. Random effect linear probability model is used. 

Standard errors are clustered at the session level. * p < 10%, ** p < 5%, and *** p < 1%. 
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Table 4: Determinants of the Impact of Group Identity 

  δ = 1/2       δ = 2/3     

 Control Ingroup Outgroup  Control Ingroup Outgroup 

  (1) (2) (3)   (4) (5) (6) 

Co-player cooperated in round 1  0.135*** 0.186*** 0.211***  0.150*** 0.048*** 0.089*** 

of previous supergame (α1) (0.039) (0.037) (0.066)  (0.031) (0.012) (0.027) 

Number of rounds in previous  0.008 0.017*** 0.019***  0.009 0.004* 0.005 

supergame (α2) (0.011) (0.005) (0.006)  (0.008) (0.002) (0.004) 

Subject cooperated in round 1 0.089 0.345*** 0.126***  0.149 0.087 0.466*** 

of supergame 1 (α3) (0.065) (0.073) (0.036)  (0.110) (0.127) (0.048) 

Constant (α0) 0.117*** 0.037 -0.012  0.221*** 0.754*** 0.108* 

 (0.036) (0.067) (0.023)  (0.059) (0.103) (0.062) 

Observations 2,376 2,880 2,688  1,392 2,364 1,704 

R-square 0.024 0.298 0.083   0.121 0.009 0.215 

 t-Test of equality of coefficients across treatments (p values) 

 (1) v. (2) (1) v. (3) (2) v. (3)  (4) v. (5) (4) v. (6) (5) v. (6) 

α1 0.308 0.251 0.656  0.001 0.119 0.106 

α2 0.391 0.276 0.701  0.495 0.589 0.854 

α3 0.003 0.572 0.002  0.670 0.002 0.001 

α0 0.237 0.000 0.418   0.000 0.122 0.000 
Notes: The dependent variable is the likelihood of cooperating. Random effect linear probability model is used. The 

analysis follows Dal Bó and Fréchette (2011) by focusing on the first round of all the repeated games. Bootstrapped 

standard errors are in parentheses. * p < 10%, ** p < 5%, and *** p < 1%. 
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Table 5: Repeated Game Strategies Estimation (MLE) 

  δ=1/2   δ=2/3 

 
Control  Ingroup Outgroup 

 
Control  Ingroup Outgroup 

(1) (2) (3) (4) (5) (6) 

AD 0.937*** 0.610*** 0.944***   0.500*** 0.056 0.500*** 

 (0.065) (0.138) (0.058)  (0.191) (0.037) (0.128) 

AC 0.000 0.156 0.028  0.041 0.191 0.053 

 (0.000) (0.137) (0.034)  (0.046) (0.165) (0.039) 

GRIM 0.000 0.000 0.014  0.032 0.214 0.185** 

 (0.000) (0.099) (0.017)  (0.033) (0.159) (0.09) 

TFT 0.063 0.234* 0.014  0.427** 0.539*** 0.262* 

 (0.065) (0.128) (0.016)  (0.166) (0.163) (0.149) 

WSLS 0.000 0.000 0.000  0.000 0.000 0.000 

 (0.000) (0.000) (0.000)  (0.000) (0.045) (0.000) 

T2 0.000 0.000 0.000  0.000 0.000 0.000 

γ 0.431*** 0.38*** 0.331***  0.437*** 0.36*** 0.457*** 

  (0.06) (0.049) (0.049)   (0.05) (0.041) (0.059) 

Notes: The analysis is based on the second half of all repeated games in each session. 

Bootstrapped standard errors are in parentheses. * p < 10%, ** p < 5%, and *** p < 1%.  
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Figure 1: Stage Game Payoffs 

  Player 2 

  C D 

Player 1 C 40, 40 12,50 

 D 50,12 25,25 

 

Figure 2: Cooperation Over Time by Treatment and Session (first rounds) 
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For Online Publication: Appendices 

Appendix A: Sample Experimental Instructions 

We present the experimental instructions for the control treatment. Instructions for the 

ingroup and outgroup treatments also included the words/sentences in italics and square 

brackets below. 

You are about to participate in a decision-making process in which you will play games 

with other participants in this room.  What you earn depends on your decisions, partly on 

the decisions of others, and partly on chance. 

 

As you came in you drew an index card [a white envelop] with a number on it.  This number, 

randomly assigned, is your ID number used in this experiment to insure anonymity of your 

decisions.  Please do not show your ID number to anyone else. 

 

Please turn off cellular phones now.  We ask that you do not talk to each other during the 

experiment.  If you have a question, please raise your hand and an experimenter will assist 

you. 

 

This experiment consists of two parts and 12 participants.  Your earnings in each part are 

given in points.  At the end of the experiment you will be paid in private and in cash based 

on the following exchange rate 

 

$1 = 200 points. 

 

Your total earnings will be the sum of your earnings in each part plus a $5 participation 

fee. 

We will now start Part 1.  The instructions for Part 2 will be given after Part 1 ends. 

 

Part 1 

 

[Please open the white envelope and discreetly pull out the contents.  It contains either a 

Green or an Orange card.  The color represents the group that you are assigned to.  The 
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12 participants in this experiment are randomly assigned to one of two groups of 6 people.  

If you drew a Green card, you will be in the Green group.  If you drew an Orange card, 

you will be in the Orange group.  The group assignment will remain the same throughout 

the experiment. 

Please return the index card to the envelope now.  Do not show them to others.  Please 

raise your hand if you have any questions about this step. 

We will now start Part 1.  The instructions for Part 2 will be given after Part 1 ends.] 

In Part 1 everyone will be shown five pairs of paintings by two artists, Kandinsky and Klee.  

Please refer to the folder insert for the name of artist who made each painting.  You will 

have three minutes to study these paintings.  Then you will be asked to answer questions 

about two other paintings.  Each correct answer is worth 100 points. [You may 

communicate with others in your group through a chat program while answering the 

questions.] 

You will now receive paintings 6 and 7.  Please select the artist who you think made each 

painting.  For each correct answer, you will be rewarded with 100 points.  [Meanwhile, you 

can use the group chat program below to communicate with others in your group.  Please 

do not identify yourself or send any information that could be used to identify you (e.g. 

gender, race, and major).  Please refrain from using obscene or offensive language.  

Except for these restrictions, you may type whatever you want in the lower box of the chat 

program.  Messages will be shared only with your group members.] You will be given up 

to 8 minutes to answer both questions.  Submit your answers below when you are ready.  

[Note you are not required to give the same answers as your group members.] You will 

find out about your earnings in Part 1 at the end of the experiment. 

[Please tell us how attached you feel to your group and the other group at this moment.  

Enter a number from 1 (``not attached at all") to 10 (``very closely attached") that most 

accurately reflects your feelings.  (These answers will not affect your earnings.) 

Your attachment to your group 

Your attachment to the other group] 

 

General Instructions 
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In part 2 you will make decisions in rounds.  You will be randomly paired with another 

participant in this room [in your group/in the other group] (called your co-player) for 

sequences of rounds.  You will not know who your co-player is and vice-versa.  Each 

sequence of rounds is referred to as a block.  Once a block ends, you will be randomly 

paired with another participant [in your group/in the other group] (i.e., another co-player) 

for a new block. [A participant in the Green group will only be paired with another 

participant in the Green/Orange group.  A participant from the Orange group will only be 

paired with another participant in the Orange/Green group.] 

The number of rounds in a block is randomly determined.  After each round, there is a 50% 

chance that the block will continue for another round and a 50% chance that the block will 

end. If the block continues, you will play with the same co-player.  If the block ends, a new 

block will start where you will be paired with a different co-player.  For example, if you 

finish round 5 of block 3, round 6 of block 3 will occur with a 50% chance, and round 1 of 

block 4 (a new block) will also occur with a 50% chance. 

There will be no new blocks after 60 minutes from the start of Part 2.  After 60 minutes, 

there will be a 50% chance that the block will continue for another round and a 50% chance 

that the current block (and the experiment) will end. 

 

Choices and Payoffs 

 

The choices and payoffs in each round are shown below: 

 

 

 

 

    Your co-player’s choices 

    A B 

Your 

choice 
A 40, 40 12,50 

  B 50,12 25,25 
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You and your co-player each can choose between two actions, A and B.  The first entry in 

each cell represents your payoff, and the second entry your co-player’s payoff.  Your 

payoffs are bolded for your convenience. 

In each round, before knowing each other’s decision, you and your co-player will 

simultaneously choose an action by clicking on the radio button of the choice. 

If you and your co-player both choose A, each of you get 40 points in this round. 

If you choose A and your co-player chooses B, you get 12 points and your co-player gets 

50 points in this round. 

If you choose B and your co-player chooses A, you get 50 points and your co-player gets 

12 points in this round. 

If you and your co-player both choose B, each of you get 25 points in this round. 

Therefore, your earnings depend on your decision and your co-player’s decision in each 

round. 

 

Your Guess on the Co-Player’s Action 

 

In each round before you choose an action, you will be asked to guess your co-player’s 

choice in this round.  You will need to enter your guess in a form as follows. 

Your guessed probability that your co-player chooses A: 

Your guessed probability that your co-player chooses B: 

For example, if your guess is that your co-player chooses A with a 67% probability and B 

with a 33% probability, enter 67 in the top entry and 33 in the bottom entry.  The two 

numbers you enter should be both integers between 0 and 100 (including 0 and 100). They 

need to add up to 100.  Click “OK” when you are ready submit your guess. 

You will be paid based on the accuracy of your guess. 

If your guess is 100% accurate, you will get 2 points.  For example, if your guess is that 

your co-player chooses A with a 100% probability and your co-player actually chooses A, 

you will get 2 points.  If your guess is that your co-player chooses B with a 100% 

probability and your co-player actually chooses B, you will get 2 points. 
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If your guess is not 100% accurate, your earnings will be computed such that the more 

accurate your guess is, the more points you will get.  Suppose your guess is that your 

co-player chooses A with a 90% probability and chooses B with a 10% probability.   Then 

you will get 1.98 points if your co-player actually chooses A, or 0.38 points if your co-

player actually chooses B.  See below if you are interested in how your points are calculated 

in this example. 

Your points if your co-player actually chooses A are $2 - (1 - 90%) 2 - (0 - 10%) 2 = 1.98 

points 

Your points if your co-player actually chooses B are $2 - (0 - 90%) 2 - (1 - 10%) 2 = 0.38 

points 

If your guess is 0% accurate, you will get 0 points.  For example, if your guess is that your 

co-player chooses A with a 100% probability and your co-player actually chooses B, you 

will get 0 points.  If your guess is that your co-player chooses B with a 100% probability 

and your co-player actually chooses A, you will get 0 points. 

 

Note: Since your guess is made before knowing what your co-player actually chooses, the 

best thing you could do to get as many points as possible is to report what your actual guess 

is. 

 

Earnings in Part 2 

 

Your earnings in each round are the sum of your earnings in the decision-making task and 

the guessing task.  Your total earnings in Part 2 are your cumulative earnings in all rounds.  

Recall that 200 points equal to $1. 

In each round before you provide your guess and choose an action, your decisions, your 

co-player’s decisions and your earnings in each of the previous rounds will appear in a 

history window. 

Before we start, let’s review some important points. 
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1. You will be randomly paired with a co-player [in your group/in the other group], 

and play with the same person in a sequence of rounds called a block.  The number 

of rounds in a block is randomly determined. 

 

2. At the end of each round, there is a 50% chance that the block will continue to the 

next round, and there is a 50% chance that a new block will start in which case you 

will be randomly paired with a different co-player [in your group/in the other 

group]. 

 

3. In each round you and your co-player each choose an action simultaneously before 

knowing each other’s choice. 

 

4.  Before making a choice, you will need to guess on your co-player’s choice.  The 

more accurate your guess is, the more points you will earn. 

 

If you have a question, please raise your hand. 
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Appendix B: Post-Experimental Survey 

 

SECTION 1: QUESTIONS ABOUT YOU 

 

Please answer the following survey questions. Your answers will be used for this study 

only. Individual data will not be released. 

1. What is your age? 

2. What is your gender? 

3. Which of the following best describes your racial or ethnic background? 

(a) White      

(b) African-American 

(c) Hispanic  

(d) American Indian or Native Alaskan  

(e) Asian (Chinese, Korean, etc.) or Pacific Islander 

(f) Indian Subcontinent     

(g) Middle Eastern     

(h) Other 

4.  What is your education level? 

(a)  Some college 

(b) College Degree 

(c) Post graduate degree  

5.  What is your academic program/major? 

6.  How many siblings do you have? 

7. How would you describe the state of your own personal finances these days? 

(a)  Excellent  

(b)  Good   

(c) Not so good  

(d) Poor 

8.  What is your primary religious affiliation? 

(a)  Agnostic 

(b)  Roman Catholic  
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(c) Atheist  

(d) Protestant 

(e) Denominational 

(f) Jewish  

(g) Protestant, non-denominational  

(h) Muslim 

(i) Other (please specify) 

9. In what country or region were you primarily raised as a child? 

(a)  US/Canada  

(b) Africa    

(c) Asia    

(d) Australia/New Zealand 

(e)  Europe   

(f)  Latin America   

(g) Middle East 

SECTION 2: QUESTIONS ABOUT YOUR EXPERIENCE IN THIS EXPERIMENT 

 

10.  On a scale from 1 to 10, please rate, prior to this study, how familiar you were with 

those artworks used in this experiment (1 means “not familiar at all” and 10 “very 

familiar”). 

 

11. (Ingroup and Outgroup treatments only) On a scale from 1 to 10, please rate how 

much you think chat with your group members helped solve the painting puzzles 

(1 means “not helpful at all” and 10 “very helpful”). 

 

   In this part of the survey, think back through the decisions you made over the course of 

the session, and try to characterize the way you made your choices in the following 

questions. 
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12. Suppose that in the previous round you chose A (being cooperative) and your co-

player also chose A (being cooperative). How likely would you choose A (being 

cooperative) again this round (scale 0~10)? 

       12.1 If you choose A (being cooperative) again in this round, to what extent it is 

because (scale 1~7, 1 means “not at all” and 7 “very much so”) 

        a. You think it will earn you the most points in the long run. 

        b. You want to help your co-player earn more points. 

        c. You feel it is the morally right thing to do. 

        d. You feel that it would make your co-player upset if you don’t choose A. 

        Please list other reasons here 

 

       12.2 If you choose B (being uncooperative) again in this round, to what extent it is 

because (scale 1~7, 1 means “not at all” and 7 “very much so”) 

 

a.  You think it will earn you the most points in the long run. 

b. You want to stop your co-player from earning more points. 

c.  You want to punish your co-player. 

d.  You want to earn more points than your co-player. 

        Please list other reasons here 

 

13. Suppose that in the previous round you chose A (being cooperative) but your co-player 

chose B (being uncooperative). How likely would you choose A (being cooperative) again 

in this round (scale 0~10)? 

    13.1 If you choose A (being cooperative) again in this round, to what extent it is because 

(scale 1~7, 1 means “not at all” and 7 “very much so”) 

    a. You think it will earn you the most points in the long run. 

    b. You want to help your co-player earn more points. 

    c. You feel it is the morally right thing to do. 

    d. You feel that it would make your co-player upset if you don’t choose A. 

    Please list other reasons here 
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13.2 If you choose B (being uncooperative) in this round, to what extent it is because 

a. You think it will earn you the most points in the long run. 

b. You want to stop your co-player from earning more points. 

c. You want to punish your co-player. 

d. You want to earn more points than your co-player. 

    Please list other reasons here 

 

14. Suppose that in the previous round you chose B (being uncooperative) but your co-

player chose A (being cooperative). How likely would you choose A (being 

cooperative) in this round (scale 0~10)? 

14.1 If you choose A (being cooperative) in this round, to what extent it is because (scale 

1~7, 1 means “not at all” and 7 “very much so”) 

a. You think it will earn you the most points in the long run. 

b. You want to help your co-player earn more points. 

c. You feel it is the morally right thing to do. 

d. You feel that it would make your co-player upset if you don’t choose A. 

    Please list other reasons here 

 

14.2 If you choose B (being uncooperative) again in this round, to what extent it is because 

a. You think it will earn you the most points in the long run. 

b. You want to stop your co-player from earning more points. 

c. You want to punish your co-player. 

d. You want to earn more points than your co-player. 

    Please list other reasons here 

 

15. Suppose that in the previous round you chose B (being uncooperative) but your co- 

player also chose B (being uncooperative). How likely would you choose A (being 

cooperative) in this round (scale 0~10)? 

15.1 If you choose A (being cooperative) in this round, to what extent it is because (scale 

1~7, 1 means “not at all” and 7 “very much so”) 

a. You think it will earn you the most points in the long run. 
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b. You want to help your co-player earn more points. 

c. You feel it is the morally right thing to do. 

d. You feel that it would make your co-player upset if you don’t choose A. 

    Please list other reasons here 

 

15.2 If you choose B (being uncooperative) again in this round, to what extent it is because 

a. You think it will earn you the most points in the long run. 

b. You want to stop your co-player from earning more points. 

c.  You want to punish your co-player. 

d. You want to earn more points than your co-player. 

    Please list other reasons here 

 

16. Suppose your co-player choose B (being uncooperative) in this round after both of 

you played A (being cooperative) in the previous round. To what extent do you 

interpret his/her choice in this round as intentional or due to error? (1 “intentional” 

and 7 “due to error”) 

 

17. Please share with us any other aspects of your decisions in the experiment that were 

not captured in the questions above. 
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Appendix C: Efficiency 

Table C.1: Efficiency (OLS) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

δ  1/2  1/2  2/3  2/3  1/2  1/2  2/3  2/3 

Rounds First All First All First All First All 

Time trend No No No No Yes Yes Yes Yes 

ingroup 5.548 6.134 18.35*** 16.76*** 7.296 8.748 16.35*** 16.98*** 

 (5.815) (5.622) (5.093) (4.936) (6.080) (5.461) (1.967) (2.443) 

outgroup -1.453 -1.391 2.609 1.163 -1.191 -0.685 3.366 4.73 

 (2.246) (2.024) (5.888) (5.621) (4.143) (3.837) (3.040) (3.070) 

block     -0.158*** -0.128*** -0.0122 0.111 

     (0.034) (0.029) (0.223) (0.244) 

block × ingroup    -0.0171 -0.0445 0.0636 -0.049 

     (0.055) (0.047) (0.224) (0.244) 

block × outgroup    -0.0148 -0.0236 -0.0285 -0.16 

     (0.065) (0.062) (0.243) (0.251) 

Constant 69.28*** 68.85*** 76.03*** 75.43*** 75.66*** 73.91*** 76.28*** 73.07*** 

 (1.390) (1.221) (5.071) (4.780) (1.644) (1.253) (1.787) (2.307) 

Obs. 8,048 15,776 5,568 16,692 8,048 15,776 5,568 16,692 

Adjusted R2 0.058 0.063 0.313 0.224 0.188 0.164 0.315 0.229 
Notes: The dependent variable is efficiency defined as each pair’s actual joint payoff as the proportion of their 

maximum joint payoff possible (80 tokens). Standard errors are clustered at the session level. * p < 10%, ** p < 5%, 

and *** p < 1%. 
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Appendix D: Analysis on Repeated Game Strategies 

 

We follow the maximum likelihood estimation (MLE) approach in Dal Bó and Fréchette 

(2011) to examine the importance of each strategy 𝑠𝑘 (k∈{1,…,6}) as specified in Table 

D.1. We define an indicator function 𝑦𝑖𝑚𝑟(𝑠𝑘) = 1{𝑠𝑖𝑚𝑟(𝑠𝑘) + 𝛾휀𝑖𝑚𝑟 ≥ 0}. 𝑦𝑖𝑚𝑟, defined 

as 1 for cooperation and 0 otherwise, represents the observed action for individual 

(i∈{1,…,I}) with the co-player m (m∈{1,…,M}) in round r (r∈{1,…,R}). 𝑠𝑖𝑚𝑟(𝑠𝑘) takes 

the value of 1 if strategy 𝑠𝑘 implies cooperation conditional on the action history, and -1 

otherwise. Errors are allowed in decision making, and are captured by 휀𝑖𝑚𝑟 and its variance 

γ. Therefore, the likelihood for player i using strategy 𝑠𝑘 is specified as: 

𝑝𝑖(𝑠𝑘) = Ⅱ
𝑀
Ⅱ

𝑅
(

1

1 + 𝑒−𝑠𝑖𝑚𝑟(𝑠𝑘)/𝛾
)𝑦𝑖𝑚𝑟(

1

1 + 𝑒𝑠𝑖𝑚𝑟(𝑠𝑘)/𝛾
)1−𝑦𝑖𝑚𝑟 

 

The log-likelihood function for strategy  𝑠𝑘 is: ∑ ln( ∑ 𝑝(𝑠𝑘)𝑝𝑖(𝑠𝑘) )𝐾𝐼 where p(𝑠𝑘) 

represents the explanatory power of strategy 𝑠𝑘 for our experiment data. 

  

For robustness check, we run the repeated game strategy estimation by expanding the 

strategy set to eleven strategies discussed in Table 3 in Fudenberg et al. (2012). Table D.2 

reports the estimation results and they are consistent with those reported in the main text. 
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Table D.1: Repeated Game Strategies 

Strategy Name of  Strategy Initial  Continued 

Category Strategy Number 

Actio

n Action 

Defective Always Defect (AD) 1 D Always D 

Cooperative 

Always Cooperate 

(AC) 2 C Always C 

 Grim  3 C C, but D forever as soon  

    as the co-player chooses D 

 Tit-for-Tat (TFT) 4 C 

Copy the co-player's previous 

action 

 

Win Stay Lose Shift 

(WSLS) 5 C C until choosing differently  

    with the co-player 

  Two Tits for Tat (T2) 6 C 

D twice if the co-player chooses 

D 
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Table D.2: Repeated Game Strategies Estimation (MLE) 

  δ=1/2   δ=2/3 

 
Control  Ingroup Outgroup 

 
Control  Ingroup Outgroup 

(1) (2) (3) (4) (5) (6) 

AD 0.694*** 0.384*** 0.752***   0.383** 0.056  0.358*** 

 (0.167) (0.125) (0.111)  (0.149) (0.043) (0.093) 

AC 0.000  0.000  0.028   0.000  0.000  0.000  

 (0.000) (0.000) (0.037)  (0.001) (0.000) (0.000) 

GRIM 0.000  0.000  0.009   0.029  0.098  0.181* 

 (0.000) (0.058) (0.011)  (0.035) (0.110) (0.100) 

TFT 0.063  0.177  0.009   0.202* 0.494*** 0.214  

 (0.065) (0.127) (0.011)  (0.118) (0.179) (0.134) 

TF2T 0.000  0.212  0.000   0.097  0.056  0.036  

 (0.000) (0.186) (0.000)  (0.083) (0.054) (0.034) 

TF3T 0.000  0.000  0.000   0.000  0.055  0.023  

 (0.000) (0.000) (0.000)  (0.018) (0.070) (0.021) 

2TFT 0.000  0.000  0.009   0.046  0.160  0.000  

 (0.000) (0.029) (0.011)  (0.066) (0.150) (0.041) 

2TF2T 0.000  0.000  0.000   0.000  0.000  0.000  

 (0.000) (0.000) (0.000)  (0.000) (0.000) (0.000) 

GRIM2 0.000  0.000  0.000   0.037  0.053  0.000  

 (0.000) (0.055) (0.000)  (0.050) (0.081) (0.026) 

D-TFT 0.243** 0.227** 0.193  0.173** 0.028 0.165 

 (0.122) (0.098) (0.121)  (0.074) (0.025) (0.104) 

GRIM3 0.000 0.000 0.000  0.033 0.000 0.023 

Gamma 0.373*** 0.351*** 0.319***  0.397*** 0.337*** 0.423*** 

  (0.038) (0.043) (0.055)   (0.040) (0.030) (0.055) 

Notes: The analysis is based on the second half of all repeated games in each session. Bootstrapped 

standard errors are in parentheses. * p < 10%, ** p < 5%, and *** p < 1%. 


