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a b s t r a c t We study experimentally whether an overlapping membership structure affects the incentives of short-lived organizational members. We compare organizations in which one member is replaced per time period to organizations in which both members are replaced at the same time. We ﬁnd at best weak support for the hypothesis that an overlapping membership structure is conducive to cooperation in ongoing organizations. Incoming members are sensitive to the organizational history when membership is overlapping, as they should according to the cooperative equilibrium, but this is not enough to substantially increase cooperation levels in the organization. © 2018 Elsevier B.V. All rights reserved.
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1. Introduction In an important paper, Cremer (1986) shows that cooperation among the members of an organization is possible, even if members have ﬁnite lives, as long as the organization itself is ongoing. The key condition is that members are not all replaced by new members at the same time. If members share a common last round, the standard backward induction argument of unraveling of cooperation applies. If, however, membership is overlapping (staggered) there is no common last round. There is always a member whose horizon extends beyond that round, and who needs to take into account the strategy of a new incoming member. If this strategy involves a reward for cooperative behavior, cooperation can be sustained as an equilibrium outcome. The model of Cremer (1986) is an application of the overlapping generations model introduced by Samuelson (1958). Its relevance extends beyond cooperation in organizations. Other models analyze, for instance, the sustainability of pay-as-yougo pension plans (Hammond, 1975), the supply of intergenerational club goods (Sandler, 1982), the scope for arms control between countries (John et al., 1993), the interaction between junior and senior members of a political party (Alesina and
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Table 1 Prisoner’s dilemma game. B



C D



A



C



D



(2,2) (3,0)



(0,3) (1,1)



Table 2 Players with 2-round memberships and 1-round overlapping memberships. Role



A B



Round 1



2



3



4



5



...



A0 B1



A2 B1



A2 B3



A4 B3



A4 B5



... ...



Spear, 1988), and the collaboration between regulatory agents and ﬁrm managers (Salant, 1995). Several studies indicate that the scope for cooperation between ﬁnitely-lived players is furthered by the condition that life spans and terms overlap rather than fully coincide (Salant, 1991; Kandori, 1992a; Smith, 1992). In the present paper we put this argument to the test. We set up a laboratory experiment in which an organization exists for an indeﬁnite number of rounds. In each round, an organization is inhabited by two members who play a prisoner’s dilemma game. The two members interact with each other for a ﬁxed number of rounds (either one or three rounds). We implement two different term structures: an overlapping (OL) structure in which the two members are replaced by new members in different rounds, and a non-overlapping (NoOL) structure in which the two members are replaced in the same round. In line with the analysis of Cremer (1986), we hypothesize that the average cooperation rate will be higher in organizations with an overlapping structure than in those with a non-overlapping structure. The experimental results show at best weak support for our main hypothesis. Cooperation rates are not signiﬁcantly different between organizations with an overlapping membership structure and those with a non-overlapping structure. Moreover, this holds for the case in which members overlap for one round and the case in which they overlap for three rounds. This does not imply that play is completely insensitive to the overlapping membership structure. We ﬁnd that junior (incoming) members cooperate at a higher rate than senior (outgoing) members. Also, junior members cooperate at a higher rate when the senior member they interact with cooperated in the previous round. Such strategic play is not strong enough though to induce substantially higher rates of cooperation. There are a few related experimental studies on cooperation in games with an overlapping generations structure. Van der Heijden et al. (1998) examine whether the provision of information feedback on the history of play has an effect on the level of inter-generational transfers. It turns out that it does not have an effect, suggesting that players do not use this information in a strategic way. Offerman et al. (2001) use the strategy method to study play in an inter-generational prisoner’s dilemma game. They ﬁnd that relatively few subjects use history-dependent strategies, such as trigger strategies, even when recommended to do so by the experimenters. A recent study by Duffy and Lafky (2016) has a focus similar to ours. It compares contributions in public goods games with and without an overlapping generations structure. They ﬁnd that average contribution levels are not affected by the matching structure, but that the pattern of contributions over time is more stable with overlapping matches. 2. Theoretical framework Our theoretical framework is based on models that study the scope for cooperation in games with an overlapping membership structure (Cremer, 1986; Salant, 1991; Kandori, 1992a; Smith, 1992). It involves an organization that lasts for an indeﬁnite number of rounds. In each round there are two members (players) in the organization. One member is assigned role A and the other is assigned role B. The two members play a symmetric prisoner’s dilemma (PD) game as displayed in Table 1. The membership of the organization changes over time. Let i denote the member of role i coming to the organization in round , where i ∈ {A, B} and  ∈ {0, 1, 2, 3, . . . }. Except for A0 who is only active for one round, each member stays in the organization for two rounds. Once a member ﬁnishes her membership in the organization, she is replaced by an incoming member of the same role. In each round, one member in the organization is replaced. Hence, the membership of each member overlaps the membership of one other member for one round. This matching structure with 2-round memberships and 1-round overlapping memberships is depicted in Table 2. If the PD game is played repeatedly by ﬁnitely lived players with overlapping memberships, there exist subgame perfect equilibria with cooperative outcomes. In a player’s last round in the organization, it is always optimal to defect since there is no shadow of the future. Cooperative incentives can only emerge before players are in the last round of their membership. Label players in their ﬁrst (last) round in the organization as junior (senior). Consider the strategy proﬁle in which players cooperate if and only if they are juniors and they see that all preceding members cooperated when they were juniors. It is
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Table 3 Players with 6-round memberships and 3-round overlapping memberships. Role



Round



A B
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A0 B1



A0 B1



A0 B1



A4 B1



A4 B1



A4 B1



A4 B7



A4 B7



A4 B7



A10 B7



A10 B7



A10 B7



A10 B13



... ...



not proﬁtable to deviate from cooperation to defection when a junior faces a history in which there was no defection. If a junior cooperates, she will elicit cooperation when she is a senior, assuming an incoming member sticks to the equilibrium strategy. Her total equilibrium payoff is (C, D) + (D, C) = 3. If a junior player defects, she will face defection when she is senior, which yields total payoff (D, D) + (D, D) = 2. The overlapping membership structure allows for partial cooperation, with an increase in average per-round payoffs from 1 to 1.5, compared with the equilibrium in which players always defect. s denote the action of player i in term s, where s ∈ {1, 2}. Let  1 2 Let xi,  i, = (i, , i, ) denote the strategy proﬁle of player i . Speciﬁcally, si, stands for the probability that player i in term s plays C. A subgame perfect equilibrium strategy proﬁle is the following.1







si, =



1 = C for all j ∈ {A, B}, for all t <  1 if s = 1 and xj,t



0



otherwise



The possibility for cooperative equilibria extends to games with longer memberships. In particular, we consider a game in which a member stays in the organization for six rounds, except for A0 who is in the organization for only three rounds. Once a member ﬁnishes her membership in the organization, she is replaced by an incoming member of the same role. One member in the organization is replaced every three rounds. Hence, the membership of each member overlaps the membership of one other member for three rounds. This matching structure with 6-round memberships and 3-round overlapping memberships is depicted in Table 3. Again, let i denote the player with role i entering the organization in round . It is still optimal for players to defect in the last round of their terms. The most efﬁcient equilibrium outcome can be sustained as follows. Consider a strategy proﬁle in which players cooperate if and only if they are in one of their ﬁrst ﬁve rounds in the organization and they see that all preceding members cooperated in their ﬁrst ﬁve rounds in the organization. Except that s ∈ {1, 2, . . ., 6}, notations for this case are the same as before. A cooperative subgame perfect equilibrium strategy proﬁle is as follows.







si,



=



k = C for all j ∈ {A, B}, for all t < , for all k ≤ 5 1 if s ≤ 5 and xj,t



0



otherwise



It is easily checked that this strategy proﬁle constitutes a subgame perfect equilibrium. Compared to the equilibrium in which all players always defect, the cooperative equilibrium increases average per-round payoff from 1 to 1.83. In the experiment we aim to explore to what extent this cooperative potential is realized. 3. Experimental design, hypotheses and procedure 3.1. Design In all the sessions of our experiment, subjects repeatedly play the PD game displayed in Table 1. Since inﬁnite repetitions cannot be implemented in the lab, a random continuation rule is employed. Each session consists of at least 30 rounds. Starting from the 30th round, after a round ﬁnishes, the computer randomly draws a number between 1 and 100. If the number is smaller than or equal to 90, the experiment continues for one more round; if the number is larger than 90, the experiment stops. The probability that the experiment continues for at least one more round after the 30th round is 90%.2 There are four treatments in our experiment, 1-OL, 1-NoOL, 3-OL, and 3-NoOL. In all treatments, there are multiple organizations. Each organization has two members (subjects) in each round. After a subject ﬁnishes her membership in one organization, she switches to a new organization which is randomly selected. The treatments differ in matching protocols. In the 1-OL treatment, the membership of each organization changes as displayed in Table 2; in each round one of the two members is replaced by a new member. In the 1-NoOL treatment, membership of the organization also changes from one round to the next, but now both members are replaced at the same



1 Note that this grim trigger strategy is not the only strategy that can sustain cooperation. For example, there is a “resilient” strategy that punishes defectors, but does not punish punishers, which can also sustain cooperation by junior members as a subgame perfect equilibrium (Bhaskar, 1998). 2 There are basically four approaches to implement inﬁnite repetitions with discounting: random continuation rule (RT), ﬁxed part with payoff discounting plus random continuation rule (D+RT), ﬁxed part with payoff discounting plus coordination game (D+C), and block random continuation rule (BRT). These approaches are discussed in Frechette and Yuksel (2013). We use a variation of the second approach (D+RT) with a ﬁxed part without payoff discounting (see also Normann and Wallace, 2012). This approach implements a degree of discounting to sustain cooperative equilibria (0.9 < ı < 1) and guarantees there is a minimum number of rounds before the game ends.
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time. What is common is that in both the 1-OL treatment and the 1-NoOL treatment members interact with a different member after each round. In the 3-OL treatment, the membership of the organization changes as displayed in Table 3; after every 3 rounds one of the two members is replaced by a new member. In the 3-NoOL treatment, membership of the organization also changes after every 3 rounds, but now both members are replaced at the same time. What is common is that in both the 3-OL treatment and the 3-NoOL treatment members interact with a different member after three rounds. In our design, the number of rounds a member interacts with the same other member (either 1 or 3) is kept constant between the OL and NoOL treatments. This implies that the number of rounds a member is in an organization is larger in the OL treatments (2 or 6 rounds) than in the NoOL treatments (1 or 3 rounds). One feature of our experiment is that re-matching across organizations is allowed. Besides being practical, re-matching is not unrealistic in organizational contexts and captures features of job rotation and turnover.3 Possible effects of re-matching on results are explored and discussed in Section 4.4. In all treatments, subjects have access to the complete decision history of their current organization. At the end of each round, they are also informed of their own earnings and the earnings of the member they just interacted with. 3.2. Hypotheses The ﬁrst prediction is that there is a difference between the cooperation rates of the OL and NoOL treatments. For the 1-OL treatment, the most efﬁcient subgame perfect equilibrium entails an average cooperation rate of 50%. For the 3-OL treatment, the most efﬁcient equilibrium involves an average cooperation rate of 83.3%. There is no cooperative subgame perfect equilibrium for the 1-NoOL and 3-NoOL treatments so that the average cooperation rates of the 1-OL and 3-NoOL treatments are hypothesized to be zero.4 H1a.



The cooperation rate in the 1-OL treatment is higher than that in the 1-NoOL treatment.



H1b.



The cooperation rate in the 3-OL treatment is higher than that in the 3-NoOL treatment.



The second prediction is about subjects’ junior and senior terms in the organization. For a subject in the 1-OL treatment, term 1 is her junior term and term 2 is her senior term. For the 3-OL treatment, it is less obvious to deﬁne junior and senior terms. Since the most efﬁcient equilibrium outcome indicates that there is reduction in cooperative incentive from term 5 to term 6, we deﬁne a subject’s junior terms as consisting of her ﬁrst ﬁve terms and her senior terms as consisting of her last term. According to the equilibrium strategies discussed above, subjects in the OL treatments behave more cooperatively in their junior terms than in their senior terms. H2a.



The cooperation rate over subjects’ junior terms is higher than that over their senior terms in the 1-OL treatment.



H2b.



The cooperation rate over subjects’ junior terms is higher than that over their senior terms in the 3-OL treatment.



The ﬁnal set of hypotheses concern organizational history. Even though organizational history is displayed in all treatments, its strategic relevance varies across matching protocols. If a subject switches to a new organization, in the OL treatments she sees the previous decision(s) of the other active member she will interact with in the new organization; while in the NoOL treatments she is only exposed to previous decision(s) of members who have already left the current organization. Incoming members in the OL treatments can punish or reward the other active (senior) member based on the organizational history, but in the NoOL treatments an incoming member does not obtain any strategically relevant information. This difference in strategic relevance of organizational history motivates the following hypotheses. H3a. Incoming members in the 1-OL treatment are more sensitive to organizational history than those in the 1-NoOL treatment. H3b. Incoming members in the 3-OL treatment are more sensitive to organizational history than those in the 3-NoOL treatment. 3.3. Procedure The experiment was run in March and April, 2015 at Centerlab, Tilburg University and it was computerized using the Ztree software (Fischbacher, 2007). Subjects were Tilburg students and recruited via an online system. Upon arrival, subjects were assigned to computers by randomly choosing one card from a pile of numbered cards. Since each session required an even number of participants, some students who showed up could not participate but got a show-up fee. Once subjects were



3 Otherwise, we have to recruit more subjects for each session and let them wait before they are assigned to an organization and after they leave an organization. 4 Kandori (1992b) extends the Folk theorem of repeated ﬁxed matching games to random matching games, by referring to “contagious equilibrium”. But this theoretical possibility is not empirically supported. Duffy and Ochs (2009) ﬁnd that no cooperative norm emerges in random matching games which theoretically sustain cooperation. We hereby choose to stick to the equilibrium in which players always defect when they are randomly (re)matched.



32



X. Xu, J. Potters / Journal of Economic Behavior & Organization 147 (2018) 28–40



Table 4 Average cooperation rates by treatment. Treatment



OL



NoOL



p-value



Row total



1-Round



13.47 (7.99) N=8 19.82 (12.40) N=7 0.24 16.43 (10.42)



12.61 (6.85) N=7 17.37 (15.27) N=8 0.91 15.15 (11.95)



0.82



13.07 (7.23) N = 15 18.51 (13.57) N = 15 0.37 15.79 (11.04)



3-Round



p-value Column total



0.56



0.52



Notes: Cooperation rates are reported in percentages. An independent matching group is a unit of observation. Standard deviations are in parentheses. N denotes the number of independent matching groups.



seated in the lab, printed copies of the instructions were distributed and subjects got ample time to read the instructions and ask questions. After they answered all control questions, the experiment started. When the experiment ended, two rounds were randomly chosen and earnings in the two rounds were added up for subjects’ ﬁnal earnings. In total, 16 sessions were run and 228 subjects participated in the experiment. Each treatment consisted of 4 sessions. The number of subjects in each session ranged from 12 to 18 and the number of organizations ranged from 6 to 9. In each session, the organizations were divided into two independent matching groups, except for sessions 8 and 11 which had only one matching group because too few people showed up. On average, each session lasted for 38 rounds and took about 45 minutes. Subjects earned 9.4 euro on average, with a minimum of 2.5 euro and a maximum of 20.5 euro. 4. Experimental results 4.1. Cooperation across treatments and over time Table 4 displays average cooperation rates by treatment as well as rank-sum tests comparing the treatments. The average cooperation rate across all the treatments is 15.79%. The average cooperation rate in the 1-OL treatment is 13.47%, which is higher than that in the 1-NoOL treatment (12.61%). Also, the average cooperation rate in the 3-OL treatment (19.82%) is higher than that in the 3-NoOL treatment (17.37%). We conduct rank-sum tests on cooperation rates, using matching groups as units of independent observations. The cooperation rates in the 1-OL and 1-NoOL treatments are not signiﬁcantly different (p-value = 0.82). The same holds for the cooperation rates in the 3-OL and 3-NoOL treatments (p-value = 0.56) and those in pooled OL and NoOL treatments (p-value = 0.52).5 These experimental results do not support the hypothesis that an overlapping membership structure is conducive to cooperation. We also look at the heterogeneity of cooperation across organizations. According to the theoretical framework in Section 2, for organizations with an overlapping membership structure there exist multiple equilibria with different cooperation levels; while for organizations with a non-overlapping membership there is a unique non-cooperative equilibrium. Therefore, a natural hypothesis is that the heterogeneity of cooperation across organizations is larger with an overlapping membership structure than with a non-overlapping membership structure. To examine heterogeneity we ﬁrst calculate the cooperation rate for each organization. We then compute the standard deviation of organizations’ cooperation rates within each matching group. This gives us one measure of heterogeneity for each matching group. The averages of these measures by treatment are presented in Table 11 (see Appendix A). We ﬁnd that the heterogeneity across organizations in the 3-OL treatment is larger than that in the 3-NoOL treatment (signiﬁcant at 10% with a one-tailed test). Heterogeneity is also somewhat larger in the 1-OL treatment than in the 1-NoOL treatment, but this effect is weaker (p-value = 0.46 with a one-tailed test). So there is limited evidence to support the hypothesis that an overlapping membership structure leads to larger heterogeneity of cooperation across organizations. Next, we investigate how cooperation develops over time. Fig. 1 shows that there is a declining trend of cooperation rates in all treatments. As subjects gain experience they behave less cooperatively on average. No salient differences are found between the OL treatments and the NoOL treatments, in either the level or the declining pattern of cooperation rates. The patterns of the 1-OL/1-NoOL treatment on the one hand and the 3-OL/3-NoOL treatment on the other hand are somewhat different. In the 3-OL and 3-NoOL treatments, cooperation rates display more regular ﬂuctuations over time. The pattern is in line with the fact that subjects are rematched every 3 rounds. The average cooperation rates over different subsets of rounds are displayed in Table 5. We distinguish rounds 1–15, rounds 16–30, and rounds 31 and higher. Recall that all organizations lasted for 30 rounds after which there was a continuation probability of 90%.



5



The cooperation rates in the 1-NoOL and 3-OL treatments are not signiﬁcantly different either (p-value = 0.22).
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Fig. 1. Cooperation rates over time. This ﬁgure shows how cooperation rates evolve over time. The solid lines are for the raw data and the dashed lines are for ﬁtted values. For most organizations there were more rounds, but for ease of comparison the development is truncated at round 30. Table 5 Cooperation rates over round subsets. Treatment



Rounds 1–15



p-value



Rounds 16–30



p-value



Rounds 31–end



1-OL 1-NoOL 3-OL 3-NoOL



21.48 17.02 23.15 23.47



0.02 0.02 0.24 0.02



13.44 9.90 19.48 13.99



0.12 0.35 0.35 0.35



7.14 7.66 9.75 13.27



Notes: Cooperation rates are reported in percentages. Independent matching groups are the units of observations. p-values refer to matched-pairs signedrank tests. The p-values in the 3rd column are for the comparisons between rounds 1–15 and rounds 16–30. The p-values in the 5th column are for the comparisons between rounds 16–30 and rounds 31 and later.



The signed-rank tests show that the cooperation rate over rounds 1–15 is signiﬁcantly higher than that over rounds 16-30, except in the 3-OL treatment. The signiﬁcance does not hold for the comparison between the cooperation rates over rounds 16–30 and rounds 31–end. Cooperation decays signiﬁcantly over the ﬁrst 30 rounds but not further after round 30. This is not surprising since cooperation rates in some organizations already approach zero by round 30. For no subset of rounds, is there a signiﬁcant difference between the cooperation rates in the OL and NoOL treatments.6 This further conﬁrms that an overlapping membership structure is not strongly conducive to cooperation. 4.2. Junior and senior terms Cooperation rates by subjects’ junior and senior terms are presented in Fig. 2 and Table 6. We see that the cooperation rates are lower over subjects’ senior terms than over their junior terms. The cooperation rates over subjects’ junior terms are signiﬁcantly higher than those over their senior terms in both the 1-OL and 3-OL treatments (at 5% with a one-tailed test). This outcome supports Hypothesis 2 that the juniors are more cooperative than the seniors.7



6 To explore behaviors before any re-assignment took place, we also compare cooperation rates in round 1 (for both the 1-round and 3-round treatments) and in round 3 (for the 3-round treatments), excluding the subjects who played for fewer rounds at the start of the experiment. The difference in the cooperation rates in round 1 between the 1-OL and 1-NoOL treatments is marginally signiﬁcant (p-value = 0.1). The cooperation rates in rounds 1 and 3 are not signiﬁcantly different between the 3-OL and 3-NoOL treatments (p-value = 0.5 for round 1; p-value = 0.4 for round 3). This suggests at best a weak difference in cooperation between the OL and NoOL treatments before re-assignment. 7 This result is robust to other deﬁnitions of junior term in the 3-OL treatment (consisting of the ﬁrst 1, 2, 3, and 4 terms) (p-value ≤ 0.06).
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Fig. 2. Cooperation rates of juniors and seniors over time. The graphs display the cooperation rates of juniors and seniors over time in the 1-OL and 3-OL treatments. The horizontal axis denotes block, which consists of three consecutive rounds. For example, rounds 1–3 constitute Block 1, rounds 4–6 constitute Block 2, and so on. Table 6 Cooperation rates by junior and senior terms.



1-OL 3-OL



Junior



Senior



p-value



15.06 20.97



11.94 9.47



0.09 0.03



Notes: Cooperation rates are reported in percentages. Column 4 displays the p-values of two-sided signed-rank tests comparing subjects’ senior and junior terms.



One may wonder whether the lower cooperation rates of senior members are due to a general declining trend of cooperation (see Fig. 1). After all, on average senior members act in later rounds than junior members do. Indeed, estimation results reveal a signiﬁcantly negative effect of the round number on cooperation. However, even if we control for this effect, we still ﬁnd a signiﬁcantly positive effect of junior membership on cooperation rates. This holds for both the 1-OL treatment and the 3-OL treatment. Results are reported in Table 12 (see Appendix A).8 These results indicate that junior members cooperate at a higher rate than senior members do even when the negative time trend is controlled for. For the 3-OL treatment, we also explore how cooperation develops over subjects’ six terms in the organization. The results are in Fig. 3. Subjects behave less cooperatively when they proceed from term 1 to term 3. When they interact with another incoming member in term 4, the cooperation rate increases (p-value = 0.09). Subjects also behave less cooperatively from term 4 to term 6. The cooperation rates are lower in terms 3 and 6 than in other terms. In term 6, subjects have no future with their current opponent and they are going to leave their current organization. So the cooperation rate in term 6 is even lower than that in term 3 (p-value = 0.03). 4.3. Organizational history and individual behavior Until now we have mainly focused on aggregated data. To test the hypotheses on the strategic relevance of organizational history in the OL treatments, it is necessary to analyze individual-level data. If a subject in the OL treatments detects uncooperative historical behaviors of the other active member in her current organization, she may punish her opponent as a consequence of strategic reasoning. In the NoOL treatments, however, organizational history is not strategically relevant for a newcomer of an organization and can only affect decisions through a learning effect. In order to disentangle a learn-



8 The positive effect of being a junior does not depend much on how we deﬁne the junior term in the 3-OL treatment. For example, it holds when we deﬁne the junior term as the ﬁrst 5 terms in the organization but also when we deﬁne it as the ﬁrst term in the organization.
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Fig. 3. Cooperation rates over terms in the organization. This ﬁgure shows the cooperation rates over terms in the 3-OL treatment.



ing effect of organizational history from a strategic effect, we compare the effects of historical information on newcomers’ decisions in the OL treatments with the effects in the NoOL treatments. We use mixed effect logistic regressions with three levels: subject, organization, independent matching group. The dependent variable is the action subject i takes in round t (Coopit ). Regressors include a time trend (Round), a one-round lagged dependent variable (Coopit−1 ), the action taken by the other member j of her previous organization in round t − 1 j



A



B



(Coopt−1 ), the initial action of the subject i (Coopi1 ), the organizational history (Historyt−1 and Historyt−1 ), and random intercepts grouped by independent matching groups (Indep) and organizations (Org). A denotes the role assigned to i in A B round t and B is the other role. Historyt−1 stands for the action that role A takes in round t − 1 and Historyt−1 stands for the B



action taken by the other role in round t − 1. Hence, in the 1-OL treatment Historyt−1 is the previous action taken by the subject’s current team member. We ﬁrst look at the comparison between the 1-OL and 1-NoOL treatments when subject i is an incoming member. Results are displayed in Table 7. j The coefﬁcients of Coopit−1 , Coopt−1 , and Coopi1 are signiﬁcant and positive in both treatments. A subject is more likely to cooperate if she or the other member in her previous organization cooperated in the previous round. Subjects’ initial choice, which can be viewed as a proxy of their cooperative tendency, is also predictive for their later choices. B In the 1-OL treatment, Historyt−1 has a signiﬁcantly positive impact. When an incoming member sees that the other member cooperated in the previous round, she is more likely to cooperate, ceteris paribus. This result is consistent with the B fact that Historyt−1 is the strategically most relevant piece of historical information. The signiﬁcance does not hold for the B



1-NoOL treatment. Role B now refers to a member that has already left the organization so that Historyt−1 is not strategically relevant. To test whether the effect of organizational history is different between the 1-OL and 1-NoOL treatments, we pool B the data of the two treatments. The interaction term of the treatment dummy and Historyt−1 is signiﬁcant (p-value < 0.001). These results support H3.a that incoming members in the 1-OL treatment are more sensitive to organizational history than those in the 1-NoOL treatment. At the same time, the effect in the 1-OL treatment is not large enough to induce signiﬁcantly B high cooperation levels. Calculations reveal that the marginal effect of Historyt−1 on Coopit is only about 0.09. If a junior member plays C rather than D, this increases the probability that the next junior member plays C by only 9% on average. In the 3-OL and 3-NoOL treatments, organizational membership changes every three rounds. We use means over last 3 3 A B three-round information, Historyt−k /3 and Historyt−k /3, as regressors for organizational history. We estimate k=1 k=1 the case in which the subject i is an incoming member (in term 1). Results are presented in Table 8. 3 B Similar to the result in the 1-OL and 1-NoOL treatments, Historyt−k /3 has a signiﬁcantly positive effect in the 3-OL k=1



3



B



treatment but not in the 3-NoOL treatment. We also test that the interaction term of treatment dummy and k=1 Historyt−k /3 is signiﬁcant (p-value < 0.001). We conclude that incoming members in the 3-OL treatment are more sensitive to organizational history than those in the 3-NoOL treatment.9



9 We have performed additional regressions in which we added the average historical cooperation rate of an organization as an explanatory variable to the models of Tables 7 and 8. Doing so does not change the result that in the OL treatments an incoming member is more likely to cooperate if the
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Table 7 Estimates of determinants of cooperative decisions in 1-round treatments. Variables



1-OL



1-NoOL



Round



−0.030*** (0.007) 0.933*** (0.228) 0.366* (0.219) 1.367*** (0.194) 0.097 (0.247) 0.835*** (0.209) −2.477*** (0.259) 0.166 (0.207) 0.595 (0.107) 1455



−0.022*** (0.008) 2.168*** (0.177) 0.645*** (0.204) 0.504*** (0.176) −0.507* (0.259) 0.009 (0.223) −2.477*** (0.254) 0.300 (0.210) 0.566 (0.143) 2008



Coopit−1 j



Coopt−1 Coopi1 A



Historyt−1 B



Historyt−1 Constant Indep: sd( cons) Org: sd( cons) Observations



Notes: This table presents the estimates with a mixed-effect logistic model. The reported coefﬁcients stand for the marginal effects on the unobserved “latent” dependent variable rather than Coopit . Standard errors are in parentheses. * p < 0.10. ** p < 0.05. *** p < 0.01. Table 8 Estimates of determinants of cooperative decisions in 3-round treatments. Variables



3-OL



3-NoOL



Round



−0.032** (0.015) 0.045 (0.482) 1.591*** (0.340) 0.377 (0.340)



−0.045*** (0.014) 1.452*** (0.414) 1.638*** (0.318) 1.652*** (0.318)



−0.215



−1.085*



(0.604)



(0.633)



1.750***



−0.013



(0.577) −1.553*** (0.455) 0.437 (0.380) 0.634 (0.282) 321



(0.620) −1.881*** (0.684) 1.532 (0.504) 1.83e−07 (0.270) 614



Coopit−1 j



Coopt−1 Coopi1



3 k=1



3



k=1



A



Historyt−k /3 B



Historyt−k /3



Constant Indep: sd( cons) Org: sd( cons) Observations



Notes: This table presents the estimates with a mixed-effect logistic model. The reported coefﬁcients stand for the marginal effects on the unobserved “latent” dependent variable rather than Coopit . Standard errors are in parentheses. * p < 0.1. ** p < 0.05. *** p < 0.01.



4.4. Robustness check: the effect of re-matching As outlined in Section 3.1, when subjects exit an organization they are randomly re-matched to another organization. This means that there is a positive probability that subjects will encounter each other again in a later round. We have matching groups varying in sizes from 6 to 10 subjects and sessions with 10-18 participants, while there are at least 30 rounds of play and 40 rounds of play in expectation. Subjects may realize that they are likely to interact with the same subject again in



incumbent member cooperated in the last round(s). The effect of the average historical cooperation rates itself is positive, and signiﬁcantly so (only) in the 1-NoOL and 3-NoOL treatments.
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Table 9 Average cooperation rates by treatment (including additional treatments). Treatment



3-OL



3-NoOL



p-value



30 + 90%



19.82 (12.40) N=8 29.33 (16.56) N=5



17.37 (15.27) N=7 17.69 (6.66) N=5



0.56



10 + 70%



0.35



Notes: Cooperation rates are reported in percentages. An independent matching group is a unit of observation. Standard deviations are in parentheses. N stands for the number of independent matching groups.



the future (even though they cannot know when this occurs). If subjects take this into account they may have an incentive to behave cooperatively even in the NoOL treatments. The distinction between the OL and NoOL treatments might thus be somewhat diluted due to the presence of (frequent) re-matching. To address this issue, we set up additional 3-OL and 3-NoOL treatments with matching groups of 16 or 18 subjects.10 To further decrease the probability that subjects interacted more than once, we set the minimum number of rounds to 10 (this was 30 in the original treatments) and reduced the continuation probability to 70% (this was 90% in the original treatment). Moreover, we used rotating matching such that a subject, if possible, was re-matched to a subject she had not played with before. With this new design, the probability that a subject was matched to another subject more than once decreased from close to 100% in the original sessions to less than 5% in these extra sessions. At the same time, cooperative equilibria still exist for organizations with an overlapping membership structure. The average cooperation rates for these additional treatments are presented in the row “10 + 70%” of Table 9. For ease of comparison we also include the cooperation rates for the original treatments, now labeled “30 + 90%”. The results show that the difference in cooperation between the 3-OL and 3-NoOL treatments is more pronounced for the new treatments (“10 + 70%”) than for the original treatments (“30 + 90%”). The difference is still not statistically signiﬁcant though.11 Moreover, again cooperation rates display a declining time trend in both the 3-OL and 3-NoOL treatments, and the difference between the two treatments weakens with time (see Fig. 4 in Appendix A). The results about the different cooperation rates for junior and senior terms and for the effect of organizational history on cooperation carry over to the two additional treatments. Results are reported in Tables 13 and 14 respectively (see Appendix A). In summary, the presence of (frequent) re-matching seems to dilute the difference between overlapping and nonoverlapping memberships somewhat but does not saliently alter the behavioral patterns related to an overlapping membership structure. 5. Conclusion This paper investigates cooperation in ongoing organizations with overlapping membership structures. Our experimental results provide at best weak support for the prediction that an overlapping membership structure is conducive to cooperation. And this holds irrespective of whether the overlapping memberships are short (1 round) or long (3 rounds). This conclusion is consistent with the results in Offerman et al. (2001) who also ﬁnd relatively low cooperation rates, and with Duffy and Lafky (2016) who ﬁnd no difference in the contributions between overlapping and ﬁxed matching protocols. Why does an overlapping membership structure fail to induce cooperation in our experiment? One possibility is that our experiment allows for little learning. In our experiment, participants can learn as they move from one organization to the next, but all organizations have only one life. Dal Bó (2005) and Duffy and Ochs (2009) implement indeﬁnitely repeated games with ﬁxed matching and they allow subjects to play multiple of these games. They ﬁnd that it takes some learning before subjects start to cooperate and before cooperation levels in indeﬁnitely repeated games become signiﬁcantly higher than those in one-shot games or games with random matching. It cannot be ruled out that cooperation levels will go up if subjects participate in a sequence of overlapping membership games. From an applied perspective, however, one may wonder how realistic such learning possibilities are. It is as if at some point all organizations start all over again. Another possibility is that cooperation is just harder to sustain with an overlapping matching structure than in comparable repeated games with ﬁxed matching. Some theoretical arguments indeed seem to point in that direction. Bhaskar (1998) points out that cooperation can only be sustained as a subgame perfect equilibrium if players take the complete history of the game into account, which seems rather demanding. Messner and Polborn (2003) indicate that cooperation in overlapping



10 In total, 10 extra sessions were run in October 2016 and 178 subjects participated. The number of subjects was 18 in nine sessions; one session had 16 subjects. There was one independent matching group per session. None of the subjects had participated in any of the earlier sessions. 11 We hypothesized that a more pronounced difference in cooperation would be driven by a decrease in the cooperation rate in the new 3-NoOL (10 + 70%) treatment compared with the 3-NoOL (30 + 90%) treatment, because multiple interactions between the same players are less likely in the new treatment. However, cooperation rates are almost the same in the 3-NoOL (10 + 70%) treatment and the 3-NoOL (30 + 90%) treatment. Instead, the increased (though still insigniﬁcant) difference between the 3-OL and 3-NoOL sessions is driven by an unexpected increase in cooperation in the 3-OL (10 + 70%) treatment compared with the 3-OL (30 + 90%). Since this difference is not statistically signiﬁcant though, we do not wish to make too much out of it.
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generations games is not robust to small random shocks to the payoffs, unlike cooperation in repeated games with ﬁxed matching. We leave it to future work to perform a direct and integrated comparison of repeated games with ﬁxed matching and repeated games with overlapping matching. Finally, even though not leading to high levels of cooperation, an overlapping membership structure does generate some notable behavioral patterns in our experiment. Speciﬁcally, we ﬁnd that junior members are signiﬁcantly more cooperative than senior members. The shadow of the future places at least some constraint on opportunistic behavior. Moreover, we ﬁnd that junior members are affected by information about past behavior in the organization. Junior members are more likely to cooperate if the senior member they interact with also cooperated as a junior. This indicates that cooperation in an organization is contagious to some extent, and is transmitted from one generation to the next. This may constitute an important component to our understanding of organizational culture. Appendix A. Tables and ﬁgures



Table 10 Cooperation rates by independent matching group. Treatment



Session



Indep



Subject



Round



CR



CR (ﬁrst 30 rounds)



1-OL 1-OL 1-OL 1-OL 1-OL 1-OL 1-OL 1-OL 1-NoOL 1-NoOL 1-NoOL 1-NoOL 1-NoOL 1-NoOL 1-NoOL 3-OL 3-OL 3-OL 3-OL 3-OL 3-OL 3-OL 3-NoOL 3-NoOL 3-NoOL 3-NoOL 3-NoOL 3-NoOL 3-NoOL 3-NoOL



3 3 4 4 5 5 6 6 7 7 8 9 9 10 10 11 12 12 13 13 14 14 15 15 16 16 17 17 18 18



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30



8 8 8 10 8 8 8 8 6 8 10 8 8 8 8 10 8 8 6 8 6 6 6 8 8 8 6 6 6 6



35 35 56 56 47 47 41 41 43 43 31 30 30 42 42 40 41 41 45 45 30 30 40 40 30 30 39 39 38 38



13.57 32.14 12.72 5.71 12.50 8.24 10.67 12.20 17.44 17.73 3.55 22.92 10.00 8.03 8.63 24.50 1.52 14.63 9.63 22.78 39.44 26.67 7.08 50.31 3.33 17.08 6.84 18.80 25.88 9.65



15.00 33.33 20.83 6.33 17.50 10.83 11.25 15.83 18.89 21.25 3.67 22.92 10.00 6.67 10.83 28.67 2.08 14.17 14.44 23.75 39.44 26.67 7.78 50.00 3.33 17.08 8.89 20.56 31.67 10.56



Notes: Column 2 (3) reports the serial numbers of sessions (independent matching groups). Column 4 (5) reports the numbers of subjects (rounds) for all matching groups. Column 6 displays the cooperation rates by independent matching group over all rounds. Column 7 displays the cooperation rates by independent matching group over the ﬁrst 30 rounds. Cooperation rates are reported in percentages.



Table 11 Heterogeneity of cooperation across organizations by treatment. Treatment



OL



NoOL



p-value



1-Round



0.05 (0.03) N=8 0.09 (0.07) N=7



0.04 (0.02) N=7 0.04 (0.02) N=8



0.91



3-Round



0.20



Notes: Heterogeneity is measured as the standard deviation of organizations’ cooperation rates within a matching group. Figures reported are the averages of these measures by treatment. Standard deviations of these measures are in parentheses. N denotes the number of independent matching groups.
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Table 12 Estimates of the junior-term effects on cooperation. Variables



1-OL



3-OL



Round



−0.049*** (0.006) 0.500*** (0.140) 0.665*** (0.184) 0.599*** (0.193) −2.174*** (0.263) 2910



−0.018** (0.007) 1.066*** (0.186) 1.537*** (0.191) 1.541*** (0.169) −2.624*** (0.332) 1994



Junior Coopit−1 j



Coopt−1 Constant Observations



Notes: This table presents the estimates with a mixed-effect logistic model. Random effects are captured by random intercepts grouped by organization and independent matching group. The dependent variable is the action subject i takes in round t (Coopit ). Junior is the dummy variable for whether the j



subject is currently a junior (ﬁrst 5 terms) (=1) or a senior (=0). Coopit−1 is the action taken by subject i in round t − 1. Coopt−1 is the action taken by subject i’s previous opponent j in round t − 1. Standard errors are in the parentheses. * p < 0.1. ** p < 0.05. *** p < 0.01.



Table 13 Cooperation rates by junior and senior terms in additional treatments. Treatment



Junior



Senior



p-value



3-OL (10 + 70%)



31.52



11.63



0.04



Notes: Cooperation rates are reported in percentages. Column 4 displays the p-values of the two-sided signed-rank tests comparing subjects’ senior and junior terms.



Table 14 Estimates of determinants of cooperative decisions in additional treatments. Variables



3-OL (10 + 70%)



3-NoOL (10 + 70%)



Round



−0.056 (0.070) 0.640 (0.519) 0.208 (0.511) 1.270*** (0.415)



−0.192*** (0.074) −0.297 (0.604) 0.237 (0.575) 1.702*** (0.369)



Coopit−1 j



Coopt−1 Coopi1



3 k=1



3



k=1



A



Historyt−k /3 B



Historyt−k /3



Constant Observations



−1.083



0.698



(0.763)



(0.709)



1.571**



−0.424



(0.755) −1.200 (0.822) 153



(0.74) −0.897 (0.664) 282



Notes: This table presents the estimates with the same model as in Table 8 for the two additional treatments (10 + 70%). Standard errors are in the parentheses. * p < 0.1. ** p < 0.05. *** p < 0.01.
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Fig. 4. Cooperation rates over time in additional treatments. This ﬁgure shows how cooperation rates evolve over time in the additional treatments. The solid line is for 3-OL (10 + 70%) and the dashed line is for 3-NoOL (10 + 70%).
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