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Abstract

:

There is a large body of evidence showing that a substantial proportion of people cooperate in public goods games, even if the situation is one-shot and completely anonymous. In the present study, we bring together two major endogenous factors that are known to affect cooperation levels, and in so doing replicate and extend previous empirical research on public goods problems in several important ways. We measure social preferences and concurrently elicit beliefs on the individual level using multiple methods, and at multiple times during the experiment. With this rich set of predictor variables at the individual level, we test how well individual contribution decisions can be accounted for in both a one-shot and a repeated interaction. We show that when heterogeneity in people’s preferences and beliefs is taken into consideration, more than 50% of the variance in individual choice behavior can be explained. Furthermore, we show that people do not only update their beliefs in a repeated public goods game, but also that their social preferences change, to some extent, in response to the choices of other decision makers.
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1. Introduction


From the vantage of standard neoclassic economic theory, cooperation between humans can be difficult to explain. Within the normative framework, decision makers (DMs) are conceptualized as narrowly self-interested cognitive agents who believe that other DMs are also narrowly self-interested, and that these preferences are common knowledge. These normative axioms yield powerful, precise, and testable models of behavior in interactive decision contexts. In some cases, these axioms yield predictions that are remarkably accurate, whereas in other situations these models are woefully inadequate for comparative illustrations of both instances, see e.g., [1,2,3]. We consider here an instance of the latter case, namely DMs’ common propensity to cooperate in a social dilemma, even when the situation is one-shot, anonymous, and played for real resources.



One reason standard economic theory is unable to account for the observed range of cooperation behavior in such situations is that standard theory relies on the assumption of complete homogeneity among DMs, i.e., the negation of variance in DMs’ preferences and beliefs. However, there is ample evidence from empirical studies showing that people are tremendously heterogenous with respect to both their preferences and their expectations of other DMs’ behavior. Moreover, the heterogeneity in tastes is not a result of measurement error or noise, but rather emerges from stable individual differences in how joint outcomes are subjectively valued. Although non-selfish preferences are generally non-standard, these prosocial preferences can be internally consistent and thus can be rationalized within a utility framework (e.g., [4,5]). Consequently, to gain a better understanding of aggregate behavior in social dilemmas, one should take into account how individual preferences and individual beliefs yield behavior on the individual level, and moreover measure how these preferences and beliefs are potentially affected by the behavior of other DMs. This last statement summarizes the central aim of this paper: Our goal is to account for cooperative choices at the individual level using measures of DMs’ social preferences and beliefs, thus providing an empirically validated rationalization of cooperative choice behavior.



Previous work has already revealed a great deal about the determinants and dynamics of individual contribution levels in social dilemmas, such as the standard public goods game (see, e.g., [6,7]). These works serve as the basis for our experimental investigations, while our goal is in part to replicate previous research, we also extend the state of the art in several important ways. Concretely, the experimental design we use can be characterized by the following features.



First, we measure the DMs’ individual social preferences, elicit their individual beliefs, and use these two factors in tandem to account for their behavior at the individual level.



Second, we use two different methods to assess the DMs’ types. On the one hand, we employ the strategy method to measure DMs’ propensities to condition their contributions on the contribution levels of others, and on the other hand we measure other-regarding preferences in terms of the weights decision makers attach to the outcome of others in relation to their own outcomes by means of a method that is independent from the public goods game context and thus is unconfounded by the strategic context. This allows us to compare the results from the two measures, and thus to evaluate the degree to which these measures have differential predictive capacity, and see how they relate to each other.



Third, we let DMs play both a one-shot, and a repeated, public goods game with partner-matching, which allows for a comparison of the effects preferences and beliefs have in different situations, and whether potentially divergent behavior, or divergent explanatory power of predictors, are a result of attempts to signal cooperative decision making.



Fourth, and related to the former point, we elicit both DMs’ beliefs about the contribution levels of others, and their beliefs about other peoples’ social preferences. This additional assessment of DMs’ beliefs about their interaction partners’ types allows us to evaluate the extent to which beliefs about others’ behavior differ from beliefs about other’s intentions, and whether the latter has differential explanatory power in accounting for contribution decisions.



Fifth, we measure both DMs’ beliefs and preferences repeatedly to address the issues of belief updating and preference dynamics. Concretely, we elicit DMs’ beliefs about the contributions of others in every period of the repeated public goods game, and assess their distributive other-regarding preferences once before they play the public goods game, and once again after the repeated interaction. This allows us to test whether preferences, in addition to beliefs, are affected (i.e., updated) by corresponding interaction partners’ behavior.



We show that taking into account both the decision makers’ preferences, and their beliefs about others, we can explain more than 50% of the variance in DMs’ contribution choices in both a one-shot and a repeated public goods game. Furthermore, we provide evidence that DMs not only update their beliefs, but also that DMs’ preferences change in response to the observed behavior of other DMs, thereby manifesting some form of reciprocity. However, we find no evidence for propensities to signal cooperative intentions; that is, behavior in the one-shot public goods game does not differ from behavior in the first period of a repeated interaction with partner-matching. Also, we find only weak evidence that beliefs about other people’s social preferences matter beyond beliefs about other people’s behavior. Finally, we show that preferences as measured via the strategy method, and as measured by an independent choice task, are related but are not the same. Surprisingly, we find that people behave quite differently in an ongoing interaction than they indicated they would via the strategy method. We also find, consistent with previous results, that most people are conditional cooperators, and moreover that social preferences are, at least to some extent, dynamic in that they are reactive to the behavior of interaction partners.




2. Cooperation in Social Dilemmas


2.1. On the Importance of Considering Endogenous Factors


How people trade off personal benefits against collective outcomes in situations of conflicting interests has been studied extensively across many different disciplines (e.g., [8,9,10,11,12,13,14,15]), yet the puzzle of human cooperation remains an active area of experimental (e.g., [6,7,16,17,18]) and theoretical (e.g., [19,20,21,22,23,24,25,26,27]) research. The best-known instance of a social dilemma situation is the Prisoner’s Dilemma (PD; see, e.g., [28]). Typically, substantial cooperation rates (see e.g., [29,30,31]) are observed when people play a PD game, even if the situation is one-shot and anonymous (for a general overview, see for instance [8]). This also holds for the n>2 extension of the PD, namely the standard linear public goods game (PGG).



Several reasons have been hypothesized as explanations for why people choose strictly dominated strategies in these strategic contexts. Generally, levels of cooperation can depend on both exogenous and endogenous factors (for a review on PGGs in this respect, see [32]). For example, the payoff structure of the game, such as the index of cooperation (K) in a PD (see [33,34]) or the marginal per capita return in a PGG (see [35]) can have a significant effect on cooperation rates in social dilemmas. However, these exogenous factors alone cannot explain why people cooperate if they are assumed to be homogeneous with respect to endogenous variables, as is the case in the standard neoclassic model. That is, no matter how small the difference is between the Temptation payoff and the Reward payoff in a PD, or how large the marginal per capita return (MPCR) is in a PGG (as long as MPCR <1 holds), defection or free riding remains the strictly dominant strategy for all DMs. In other words, under the assumption of narrow self-interest and common knowledge thereof, altering game parameters such as the K-index in a PD or the MPCR in a PGG will have no effect at all on the DMs’ behavior in a social dilemma. Only if DMs are assumed to derive benefit not exclusively from their own payoff, but at least in part also from the payoffs others receive (i.e., if DMs have non-selfish distributive social preferences), altering game parameters can be expected to affect behavior (see, e.g., [36,37]).



Consider, for instance, a DM who has distributive social preferences that are consistent with maximizing efficiency, i.e., the DM’s utility is the sum of his own payoff and the other player’s payoff. Moreover, this DM believes that the other player is narrowly self-interested (for simplicity, assume that the DM believes that the interaction partner is going to defect with probability p=1). In a standard symmetric PD game, given these preferences and beliefs, the DM will choose to defect as long as 2P>S+T, but will choose to cooperate if the game parameters are changed such that 2P<S+T.1 Now assume the DM believes (for simplicity again with p=1) that the other player, for whatever reason, is going to choose to cooperate. In this case, the DM will choose to cooperate also only if 2R>S+T, but will defect in case the game parameters are such that 2R<S+T. The example makes clear that changing game parameters can affect behavior only in the presence of social preferences. Under the assumption of narrow self-interest, altering the payoff structure of a social dilemma cannot influence behavior, even if DMs are assumed to have diverse beliefs about the intentions and anticipated behavior of others, i.e., even if the assumption of common knowledge of narrow self-interest is not true.



The importance of endogenous factors and other-regarding elements for the emergence of cooperation in social dilemmas has also been demonstrated in game theoretic research in the context of evolutionary dynamics. For instance, it has been shown that the emergence of cooperation in agent-based models can depend substantially on parameters or model instantiations reflecting other-regarding factors, such as reciprocity, social diversity, competitiveness, or conformity (see e.g., [12,38,39,40,41], respectively).



In summary, exogenous factors can influence choice behavior in social dilemmas only if there are endogenous variables which the exogenous factors can act upon. Consequently, understanding how endogenous variables affect cooperation behavior in social dilemmas is a prerequisite for understanding how exogenous variables do so. Ledyard ([32], p. 143). provides a list of several endogenous (he uses the term “systemic”) variables that have a potential impact on cooperation behavior in PGGs. We will focus on two of these variables, namely (1) social preferences (“altruism, fairness” in Ledyard’s terminology) and (2) beliefs as predictors of contribution levels in PGGs.




2.2. How Social Preferences and Beliefs Affect Cooperation Behavior in PGGs


2.2.1. Distributive Other-Regarding Preferences


Researchers have sometimes tried to infer social preferences from behavior in strategic games without taking into account that peoples’ behavior in games is a function of their preferences entangled with their beliefs about the behavior of others, and that it is often impossible to disentangle these two factors ex post, i.e., on the basis of information about peoples’ behavior in strategic interactions. To assess people’s preferences alone, i.e., unconfounded by beliefs, it is necessary to observe their behavior in non-strategic situations (e.g., the dictator “game”). The recognition of this claim has been made explicit in game theoretic research in psychology and has led to a particular conceptualization of distributive social preferences termed social value orientation (SVO; for a review, see e.g., [42]). It is important to note, however, that the assumptions underlying the SVO construct—namely that there is reliable and persistent heterogeneity in peoples’ other-regarding preferences—are strongly supported by the results of recent economic research, highlighting the value of studying social preferences at the individual level (e.g., [4,5,43,44,45,46,47]). Also, the SVO construct has become better known in economics recently, and corresponding measures have been used in a few economic studies to date (e.g., [48,49,50,51]).2



Like other notions of distributive other-regarding preferences (e.g., [19,23]), SVO can be represented within a utility framework. That is, SVO corresponds to the parameter α in a simple joint utility function U(πs,πo)=πs+α·πo, where πs denotes the decision maker’s payoff, and πo denotes another person’s payoff. Hence, SVO can be understood as the weight a person attaches to the payoff of another person in relation to the own payoff, or in other words, the willingness to pay for a one-unit increase in the other person’s payoff. In cases where α=0, a decision maker is narrowly self-interested (i.e., individualistic), while positive values of α indicate positive concerns for others (i.e., prosociality), and negative values of α indicate negative concerns for others (i.e., competitiveness/spitefulness). SVO as an individual difference can be measured reliably on a continuous scale [52], and has been shown to be a significant predictor of behavior in social dilemmas (e.g., [53]). With respect to PGGs, Balliet et al. [53] report an SVO-cooperation effect size of r=0.29.




2.2.2. Beliefs and Conditional Cooperation


Several studies have investigated the relationship between choice behavior and beliefs about other peoples’ anticipated behavior in PGGs, and evidence clearly suggests that DMs’ contributions in a PGG correlate positively with expected contributions of others (e.g., [6,54,55]). Moreover, Croson [54] found that this aggregate result is due to the behavior of almost all (about 92%; [54], p. 207) DMs, indicating that most people condition their contribution levels on the (expected) contribution levels of others in an approximately linear way. However, results from other studies suggest that people are heterogeneous with respect to how contribution levels of others affect own contribution amounts in a PGG.



For example, Fischbacher et al. [7] found that only about 50% of DMs condition their contributions on the contribution levels of others in a linear way, while 30% free ride no matter how much others contribute, and about 14% are so called “hump-shaped contributors” who, roughly speaking, match the contribution levels of others for average contribution amounts below 50% of the endowment, and decrease their own contribution levels for average contribution amounts above 50% of the endowment (see [7], p. 401). Furthermore, they found that those DMs termed “conditional cooperators” do not match the average contribution level of others exactly, but tend to contribute a little less than the average. The authors hypothesize that this may be the reason contributions decline over time in repeated PGGs—a common but disheartening finding (e.g., [16,35,56,57,58,59,60,61,62,63,64,65,66,67]). However, Fischbacher et al. [7] did not elicit peoples’ beliefs about other peoples’ contributions, but instead used the strategy method [68] and thereby assessed how much people are willing to contribute given specific contribution levels of others. Extending this approach, Fischbacher and Gächter [6] conducted a similar study, but additionally elicited DMs’ beliefs about the contribution levels of others.



In line with results from other studies [54,55], they find that DMs’ beliefs about anticipated contributions of others are strongly correlated with their own contributions on the aggregate level, but also that there is heterogeneity among DMs in this respect, i.e., not all people are conditional cooperators. Also, these studies showed that a large proportion of those DMs who do condition their contributions on the contribution levels of others are imperfect conditional cooperators. That is, they consistently contribute a little less than they expect others to contribute; this finding is in accordance with the results reported by Fischbacher et al. [7]. With respect to the formation of beliefs, they found that DMs’ beliefs about contribution levels of others in round t can best be modeled as a weighted average of beliefs in round t−1 and actual contribution levels in round t−1. From these results Fischbacher and Gächter [6] conclude that the reason cooperation rates in repeated PGGs decline is because many people are imperfect (i.e., downward biased) conditional cooperators, who persistently contribute a bit less than they believe others will, which in turn leads to a downward adjustment of beliefs about contribution levels in the next round by others, resulting in a downward spiral that feeds back and culminates in end-stages of almost complete uniform defection.3 This explanation for the decline of cooperation in repeated PGGs is also supported by data from Neugebauer et al. [55], which provides further evidence that many people are selfish-biased conditional cooperators. One issue that has not been clarified to date refers to the question of how well people can predict the contribution levels of others, that is, the congruence between beliefs about contribution levels and actual contribution levels. While Kachelmeier and Shehata [69] found that peoples’ beliefs of other peoples’ contributions are too pessimistic, Neugebauer et al. [55] report opposite results. However, optimistic beliefs would not negate the mechanism that leads to the decline of cooperation in repeated PGGs suggested by Fischbacher and Gächter [6], but only slow it down. Pessimistic beliefs, on the other hand, would speed it up. Yet, how accurate people’s beliefs about other peoples’ contributions are remains an open question.





2.3. Connecting the Streams of Research


In summary, there seems to be agreement across disciplines that both social preferences and beliefs matter substantially in PGGs. With respect to social preferences, psychologists have primarily focused on the SVO construct and have produced a substantial amount of evidence showing that this construct is predictive of individual contribution levels in PGGs (see the large number of studies investigated in the meta-analysis by Balliet et al. [53]). Economists, on the other hand, have not focused on one particular conceptualization of social preferences, but have investigated a multitude of different models thereof, such as “warm-glow” [70], altruism (see [32]), or inequality aversion [19,23]. While some researchers found support for some of these models, others found support for different ones (see, for instance [54,71,72]), thus there is no consensus to date about which model does best at explaining choice data, and one reason for this may be that none of them seems to do satisfactorily well. However, there is a clear consensus that some form of social preferences ([57], p. 900) are partly responsible for cooperation in PGGs (e.g., [48,54,57,59,67,70,71,72,73,74]). It is noteworthy at this point what Brandts and Schram [59] (p. 414) wrote after having considered several economic models as explanations for their data:


A form of cooperation that is consistent with all of our findings can be found in the classical psychological literature on differences in individual ‘value orientation’ …







However, as mentioned earlier in this paper, the SVO construct has largely been ignored in the economic sciences to date. One reason for this may be that until very recently, prominent measures of SVO yielded the lowest resolution output possible, i.e., results on the nominal scale level of measurement [75], hence the measures have probably appeared unattractive for researchers accustomed to more precise parameterized modeling. The necessity of good measures at the individual level has long been acknowledged nonetheless.4 The advent of a high-resolution measure (see [52]) may help to improve interdisciplinary connectivity and encourage the use of the SVO construct by economists.



Furthermore, evidence strongly suggests that beyond social preferences, beliefs about the behavior of others are highly associated with cooperative decisions in PGGs [6,54,55], and a substantial literature has been built on this phenomenon termed conditional cooperation [6,7,55,64,76,77], which is supposed to be driven by both beliefs and preferences, has not only been observed in the laboratory but also in the field [17], and seems to be global [78,79].



Also, the question whether beliefs about other peoples’ preferences, beyond beliefs about others’ behavior, affect peoples’ behavior in PGGs remains unanswered to date. However, there is accumulating evidence that people do take into account the intentions of others when making decisions in interdependent situations [21,22,25,26,27,80,81]. For instance, Levine [25] proposed a model which not only incorporates a parameter ai, reflecting the weight player i attaches to the outcome of another player j, but also a parameter aj reflecting the weight player i believes player j is attaching to his own (that is, i’s) outcome. The idea behind most models incorporating a term for the interaction partner’s intention is that the believed intention of the other may change a decision maker’s distributive preferences with respect to this other person. This idea is consistent with the definition of reciprocity as given before and has been supported empirically [82,83]. In this respect, we investigate two issues. First, we measure the DMs’ expectations of the social preferences of others to see whether this belief matters on top of the beliefs about the others’ behavior. Second, we measure the DMs’ other-regarding preferences twice—once at the beginning of the experiment, and one more time at its very end—to assess the degree to which social preferences are affected by the observed behavior of interaction partners.




2.4. Research Questions


A central goal of this study is to bring together what is known about the major endogenous drivers of cooperation in standard linear PGGs, and to measure these factors simultaneously, repeatedly, at the individual level, and in the same experiment, all the while employing both a one-shot, and a repeated game using a properly incentivized within-subjects design. This setup allows us to replicate previous research and to extend it in several important ways. First, it allows us to rigorously investigate and disentangle the differential effects of individual social preferences and individual beliefs on individual choice behavior in a PGG. The disentanglement of preferences and beliefs is achieved by measuring social preferences (SVO) as an independent construct rather than inferring preferences from strategic behavior. Also, we assess the DMs’ propensities to condition their contributions on the contribution levels of others by means of the strategy method. This allows us to investigate the relation between, and potentially the differential predictive capacity of, conditional cooperation and distributive other-regarding preferences. Furthermore, we directly elicit DMs’ beliefs about the behavior of others in an incentive compatible way by using a proper scoring rule (see e.g., [84]). Next, we extend previous research by addressing the question whether beliefs about other peoples’ social preferences matter on top of beliefs about other peoples’ behavior. We assess beliefs directly by using an independent and incentive compatible measure of beliefs about social preferences. Finally, we investigate how preferences and beliefs affect contribution levels in a repeated interaction and, more importantly, the degree to which the dynamics that arise in repeated PGGs affect peoples’ social preferences and beliefs. That is, we test whether people’s other-regarding preferences, in addition to their beliefs about others’ behavior, change in response to the observed behavior of interaction partners, and in so doing measure reciprocal reactions.





3. Method


The data collection took place at a dedicated decision science laboratory at a large European university as a standard laboratory experiment. The study was made fully incentive compatible and explicitly followed a strict no-deception policy. The DMs earned 42.05 Swiss francs on average, including a guaranteed show-up payment of 10 Swiss francs. The decision tasks were programmed in z-Tree [85]. We conducted 6 sessions in total with 20 (4 sessions) or 24 (2 sessions) players per session, resulting in a total N of 128 research participants. Upon arrival at the laboratory, each player was randomly assigned a cubicle number and seated at the corresponding place. Once the participants were seated, they were welcomed via loudspeaker and told to follow the instructions displayed on their computer screen. DMs first completed the SVO Slider Measure (explicated in the next section) and then played an anonymous one-shot PGG in groups of four, composed via random matching. Subsequently, DMs were asked to indicate their beliefs about the average contribution of their group members. Next, DMs’ contribution profiles were elicited by use of the strategy method followed by the assessment of their beliefs about other peoples’ SVOs. It is important to note here that DMs were not given any information or feedback about the outcome of the one-shot PGG or their accuracy in estimating other peoples’ contributions or SVOs at this point in the experiment. Finally, the DMs played a repeated PGG with fixed matching and feedback for 10 periods and thereafter completed the SVO Slider Measure a second time. A graphical representation of the sequence of tasks that the subjects had to perform is provided in Figure 1. As the final part of the experiment, the DMs received detailed feedback about their earnings in the experiment, completed a questionnaire, and were subsequently called to the experimenter window one by one to privately collect their earnings. The duration of the experiment was about 1.5 h and the exchange rate between experimental currency unit (ECU) and real monetary value was 8 ECUs = 1 Swiss franc.



Incentive compatibility was implemented as follows. Before each session, it was determined at random which parts of the experiment would be relevant for payment. Concretely, it was determined whether the first or second SVO assessment would be relevant for payment, and which item of the SVO Slider Measure would be relevant for payment for both the assessment of SVO and SVO beliefs. Furthermore, one period out of the 10 periods from the repeated PGG was randomly selected to be relevant for payment. At the beginning of the experiment, DMs were informed that the parts relevant for payment had been predetermined, but are unknown to them, and that they should therefore treat every part of the experiment as payoff relevant. They were also informed that the indication of the relevant parts had been written down on a piece of paper in an envelope that was affixed to the wall where the envelope was visible (but its contents hidden) to the DMs during the entire experiment. After the experiment, they were given the opportunity to have a look at that piece of paper from the envelope to verify that they were truthfully informed about the payment procedure.



Out of the 128 participants, 4 showed intransitive choice patterns in the SVO Slider Measure and are therefore excluded from further study, leaving a sample of 124 participants for analyses. Participants were mainly university students from a wide range of disciplines, and out of the n=124 sample, 76 (61%) participants were male and 48 (39%) participants were female.



3.1. Measures


3.1.1. SVO


DMs’ SVOs were assessed with the SVO Slider Measure [52] implemented as a Slider Measure module [86] programmed in z-Tree [85]. The SVO Slider Measure consists of 6 primary and 9 secondary items, which are essentially a set of dictator games with varying marginal rates of substitution. The primary items measure a person’s SVO on a continuous scale. One of the primary items of the Slider Measure is shown in Figure 2. Each item consists of 9 options indicating different distributions of monetary units between the self and another person. When completing a Slider Measure item, a decision maker considers different payoff allocations and then indicates that own–other payoff allocation she prefers most. When all of the 6 primary items are completed, the measure yields a scaler index of a person’s SVO in terms of an angle (which is the typical metric for SVO results in the psychology literature), which can range from −16.26∘ indicating perfect competitiveness (i.e., spite) up to 61.39∘ indicating perfect altruism, while a narrowly self-interested choice pattern would result in an angle around 0∘. SVO angular degrees can be translated into α-values in the utility function U(πs,πo)=πs+α·πo by the trigonometric function α=tanSVO∘. The Slider Measure has been shown to be highly reliable and valid in terms of both its predictive power and its comparability to other SVO measures (see [52]). The measure also allows for detecting intransitivity in a DMs’ choice patterns which may indicate carelessness or random responding.



Incentive compatibility was implemented by a lottery system, and DMs were informed about all the details of the payoff scheme before completing the task. Concretely, DMs were paid according to their choice in one randomly selected item of the Slider Measure plus the choice of another randomly selected decision maker in an item that was randomly selected for her. More precisely, DMs were matched with a procedure we call ring-matching. We employed this procedure to negate strategic consideration, and it is one of many different matching protocols that would be sufficient. Ring-matching was applied as follows: Decision maker A receives the payoff she allocated to herself in a randomly selected item and in addition receives the payoff decision maker Z allocated to the other in an item that was randomly selected for decision maker Z. Decision maker B then receives the payoff she allocated to the self in a randomly selected item and in addition receives the payoff decision maker A allocated to the other in the item that was selected for her, and so forth, until the ring is closed. This allows for incentive compatibility of the choices (as there are potential real consequences for both the self and for the other) and does so without introducing a strategic interaction and thus a confound of the measure (in this respect, see e.g., [87]).



As mentioned earlier, SVO was assessed two times—once at the beginning of the experiment (SVO t1), and one more time (SVO t2) as the final incentive compatible task after the repeated PGG. When DMs completed the Slider Measure the first time, they were not informed that there will be a second assessment at the end of the experimental session. The instructions for the task were identical at both points in time, with two exceptions. First, the instructions for the second assessment of SVO included the following phrase: “You have done this task before. Now please complete the task one more time. You do not have to be consistent with the answers you gave the first time. Your preferences may or may not have changed during the experiment.” Second, DMs were informed that both tasks could be relevant for payment, maintaining incentive compatibility. Second, the instructions also included the additional phrase: “Remember that this other person is randomly selected that is, this person may or may not be someone you interacted with during this experiment.”



At time t1, the average SVO angle was 20.43∘ (std.=13.58) with a minimum of −16.26∘ and a maximum of 61.39∘. When decision makers are categorized, 1 (0.81%) decision maker is altruistic, 58 (46.8%) decision makers are prosocial, 64 (51.6%) decision makers are individualistic, and 1 (0.81%) decision makers is competitive. The distribution of SVO t1 angles is shown in Figure 3.



At time t2, the average SVO angle was 18.35∘ (std.=12.93) with a minimum of −16.26∘ and a maximum of 45.00∘. When decision makers are categorized, no person is altruistic, 45 (36.3%) decision makers are prosocial, 78 (62.9%) decision makers are individualistic, and 1 (0.81%) decision maker is competitive. The distribution of SVO t2 angles is shown in Figure 4.




3.1.2. SVO Beliefs


The players’ beliefs about the other players’ SVOs were measured directly after they indicated their contribution decision in the one-shot PGG (including the completion of the strategy table). DMs were presented with the Slider Measure again, but this time, they were asked to complete the measure as they thought most other people would. More precisely, subjects had to indicate for each item of the Slider Measure which option they thought most other people had chosen in the past.5 Furthermore, it was made clear to participants that they would be paid for accuracy using a proper scoring rule.



For each decision maker, one item of the Slider Measure was selected at random. DMs earned 30 ECUs if they exactly hit that option which was chosen most often in the past. A deviation by 1 option still yielded 20 ECUs, a deviation by 2 options yielded 10 ECUs, and a deviation by 3 or more yielded zero points.



DMs on average believed that other people would have an SVO angle of 16.62∘ (min = −7.82∘, max = 61.39∘). When beliefs are categorized, 1 (0.81%) decision maker believed that most others are altruistic, 38 (30.65%) DMs believe that most others are prosocial, and 85 (368.55%) believe that the majority is individualistic. Figure 5 shows the full distribution of SVO beliefs.




3.1.3. PGG Contributions and Beliefs


The PGG used a standard linear payoff function and was implemented with the Voluntary Contributions Mechanism [35]. The endowment was 20 ECUs for each player and the group size was 4 persons, with a MPCR of 0.4. That is, the sum of contributions in a group was multiplied by the factor 1.6 and the resulting amount was divided equally among the 4 group members.



One-Shot PGG and Strategy Method


Players received detailed instructions about how the PGG works6 and how final payoffs depend both on the own contribution and the contribution of others. Players were also provided with several examples to make it clear how final payoffs are realized given the amount of the own contribution and the sum of the group members’ contributions. Furthermore, players had to answer a comprehension check question so that we could verify that they really understood the task7. Finally, they had to indicate how much they wanted to contribute to the public good and were subsequently asked to indicate their beliefs about the average contribution of others.



After players indicated their contributions and their beliefs about the average contribution of others, they were asked to indicate how much they would choose to contribute given any possible integer average contribution of the other group members by means of the strategy method. To maintain incentive compatibility, we followed a procedure that was also applied by Fischbacher et al. [7]. Concretely, we truthfully informed players that one member per group would be selected at random to be the “conditional member”, and that their payoff from the (one-shot) PGG would then be calculated as follows. First, in each group, the average contribution of the three “unconditional members” would be computed. Then, the computer would look up what the “conditional member” had indicated to contribute in the strategy method given the actual average contribution of the three “unconditional” group members. Finally, based on the contributions of the “unconditional members” and the contribution of the “conditional member”, the group contributions are determined, and individual payoffs are computed.



The distribution of contributions in the one-shot PGG is shown in Figure 6, the distribution of players’ beliefs about the average contribution of others is displayed in Figure 7, and the distribution of conditional contributions from the strategy method can be seen in Figure 8.




Repeated PGG


As mentioned earlier, subjects began playing the repeated PGG without having received any feedback about the outcomes of the one-shot PGG, nor did they have information about their accuracy in predicting the empirical average contribution of other people or the actual modal SVO. The instructions for the repeated PGG informed subjects that they would make 10 successive decisions about how much to transfer to the group account and then to indicate what they believed the other three group members would transfer on average. Furthermore, we employed partner-matching for the repeated PGG, and subjects were informed that group compositions are stable across the 10 periods, such that they are interacting with the same people in all 10 periods. Also, they were informed that they would receive detailed feedback after each period where they would see how much each of the other three group members had transferred to the group account, and the resulting average contribution. We implemented this extensive feedback condition to give subjects the opportunity to signal their intentions, such that we could determine the degree peoples’ beliefs about other people’s SVO mattered in this situation. Figure 9 shows the distribution of contributions across the ten periods on the aggregate, i.e., disregarding group-level information, and Figure 10 shows the corresponding mean contributions across the ten periods. The contribution profiles of all groups across the ten periods is shown in Figure 11.





3.1.4. Questionnaires


After the completion of the SVO Slider Measure at t2 following the repeated PGG, subjects received detailed feedback about their earnings in the experiment and then answered a questionnaire. The questionnaire consisted of three parts. The first part assessed Machiavellianism, a construct that has been shown to be associated with behavior in experimental games in previous research (e.g., [88]), by means of the Mach IV scale [89]. This scale consists of 20 statements such as, “Never tell anyone the real reason you did something unless it is useful to do so”, to which subjects indicate the degree to which they agree on a 5-point Likert scale. In our sample, the scale showed low but marginally acceptable internal consistency (Cronbach’s α = 0.73). The second part of the questionnaire assessed the Belief in a Just World (BJW) with the 6 items of the General Belief in a Just World Scale [90], which showed weak internal consistency (Cronbach’s α = 0.67). The third and final part of the questionnaire was the subscale of positive reciprocity (9 items) from the Personal Norm of Reciprocity (PNR) Scale [91], which also showed low but marginally acceptable internal consistency (Cronbach’s α = 0.72). The three scales were included in the experiment for exploratory purposes. The questionnaire concluded with the assessment of the sociodemographic variables age, sex, and field of academic study.






4. Results


Table 1 shows the bivariate relations between selected variables (see Appendix A for a Table A1 showing the correlations among all variables used in this study). The variable CCA stands for “Conditional Cooperation Area” and is an index computed from subjects’ choices in the strategy method for the purpose of summarizing individual choice patterns into a single index. Concretely, a subject’s CCA is a rescaled approximation of the area under the curve of the subjects’ contribution profile from the strategy method. A subject’s CCA is 0 if the subject indicated to contribute zero for any possible average contribution of others (free riding), and 1 if the subject indicated to match the average contribution of others exactly (perfect conditional cooperation), and more than 1 if the subject indicated to contribute more than the average contribution of others in total.8



4.1. Explaining Behavior in the One-Shot PGG


In this section, we consider only the results corresponding to the one-shot PGG. As can be seen in Table 1, there are clear associations of considerable magnitude between SVO, the beliefs about other’s behavior (PG os belief), and contribution levels (PG os), while also CCA is significantly correlated with these three variables. However, there is no evidence for a relation between subjects’ beliefs about other subjects’ SVO and contributions in the one-shot PGG (PG os). Furthermore, we find a significant and considerable correlation between SVO and beliefs about other people’s SVO (SVO belief), suggesting a consensus effect, such that people believe that other people have similar social preferences as they themselves have on the aggregate. However, there is no significant bivariate relation between SVO belief and contribution decisions, or beliefs about contribution levels.



Table 2 shows the results of an ordinary least squares regression with contributions in the one-shot PGG as dependent variable. As already indicated by the bivariate correlations, both subjects’ SVO and their beliefs about the average contribution of others are clearly predictive of their own contributions in the one-shot PGG. Furthermore, including SVO belief as a predictor explains a significant proportion of variance in PG contributions in addition to the proportion of variance already explained by SVO and PG belief (p(ΔR2|H0)=0.01). Interaction effects are absent. Together, the three predictors SVO, PG belief, and SVO belief explain about 60% of the variance in contribution levels in the one-shot PGG. Furthermore, including CCA as a further predictor again results in a significant R2 increase ((p(ΔR2|H0)<0.01), leading to a total of 0.63% of explained variance in contribution levels in the one-shot PGG, while SVO remains to be a significant predictor. This would suggest that SVO and propensities to condition own contributions on the contribution level of others (as measured by the strategy method) do have different predictive capacities, at least to some extent.



As an additional test, we replaced the general CCA index by the specific belief-based conditional contribution (BBCC) as a predictor of individual contributions in the one-shot PGG.9 BBCC is computed as follows. First, for each subject, we identify the belief this subject indicated to have about the average contribution of others in the one-shot PGG. Second, in the strategy table completed by this subject, we look up the contribution the subject indicated to make given that average contribution of others that corresponds with the average contribution this subject believed others would contribute in the one-shot PGG, which is then identified as that subject’s BBCC. Hence, if a person—given this person’s belief about the average contribution level of others—would behave exactly how that person indicated to behave in the strategy method, then his BBCC would be identical to his actual contribution in the one-shot PGG. However, the correlation between subjects’ BBCCs and their contributions in the one-shot PGG is not perfect, but rather it is r=0.67 (p<0.001). Moreover, including BBCC in the regression (see model 3 in Table 2) does not at all negate the main effects of SVO, PG belief, or SVO belief, but only reduces their relative predictive capacity slightly. Also, if BBCC is entered first into the regression, the addition of PG beliefs leads to a highly significant increase of explained variance in contribution levels ((p(ΔR2|H0)<0.001) and further the addition of SVO (on top of beliefs) leads to a marginally significant increase of explained variance in contribution levels ((p(ΔR2|H0)=0.063). Clearly, the strategy method does reveal useful information about peoples’ behavior in an iterated PGG, but the information is far from perfect. Moreover, and perhaps surprising, the results regarding both CCA and BBCC suggest that data gained by means of the strategy method are not a good substitute for independent measures of social preferences, as these constructs have clearly differentiated predictive power.



What is somewhat puzzling about the results is the role of SVO belief in explaining contribution levels. Subjects’ contributions in the one-shot PGG appear to be independent of their beliefs about other subjects’ SVO when considering the bivariate correlation between the two variables. However, when SVO and PG belief are statistically controlled (and only if both are controlled), SVO belief does appear to be predictive of contribution levels, but to our surprise the association is negative. This would indicate that when SVO and PG belief are already taken into account, a subject can be expected to contribute less the more prosocial most others are believed to be. This would be a surprising implication that could perhaps be explained by some sort of diffusion of responsibility, where a person does not feel urged to be the “nice guy” given the belief that there are so many others who could play this role. However, we can only speculate about the nature of the role of SVO beliefs in explaining contributions in a one-shot PGG. Our data only allow us to conclude that SVO belief does appear to have some explanatory power with respect to contribution levels, but the exact underlying mechanism must be investigated in more detail by future research.




4.2. Explaining Behavior in the Repeated PGG


The subjects’ behavior in the first period of the repeated PGG is very similar to their behavior in the one-shot PGG as evidenced by the high association between individual contributions in the one-shot PGG and in the first period of the repeated PGG (see Table 1). Although slightly more subjects contribute the full endowment, and also more subjects believe that the others are going to contribute the full endowment on average in the first period of the repeated PGG compared to the one-shot situation, the distribution of contributions in the first period of the repeated PGG does not differ significantly from the distribution of contributions in the one-shot situation.10 Also, the bivariate relations between SVO, SVO belief, and PG belief on the one hand and contribution levels on the other hand are about the same in the one-shot situation and in the first period of the repeated PGG (see and compare the respective indicators in Table 1 and Table 2, and Figure 12). Moreover, the differences between individual contributions in the one-shot PGG and the first period of the repeated PGG cannot be explained by SVO beliefs (r=0.01,p=0.91), and there is no significant interaction between SVO and SVO beliefs as predictors of contributions in the first period of the repeated interactions. Thus, we find no evidence of systematic signaling, and differences in contribution levels between the one-shot PGG and the first round of the repeated PGG on the individual level are not accounted for by SVO beliefs. We conclude from this that people enter a repeated PGG as they enter a one-shot PGG, and that the main drivers of contribution levels are just the subjects’ individual social preferences and individual beliefs about the contribution levels of others in both situations.



Figure 12 shows the results of ten OLS regressions, one per period of the repeated PGG, with contributions in the respective period as dependent variable, and SVO (t1), SVO belief, and subjects’ beliefs about the average contribution of their group members (PG rp belief) in the respective period as independent variables. The figure also shows the proportion of variance explained in contributions by the three independent variables per period.



As can be seen in Figure 12, the proportion of variance explained in contribution levels by the three predictors is very high across all ten periods, with a minimum of 51.0% explained variance in period 2, and a maximum of 77.6% explained variance in period 5. Clearly, the predictor which contributes by far the most to the proportion of variance explained in contribution levels is subjects’ beliefs about the average contribution of others in a particular period (PG rp belief). However, adding SVO as a predictor to PG belief leads to a significant R2 increase in 8 out of the 10 periods (not visible in Figure 12). Subjects’ beliefs about other subjects’ SVO is only significantly predictive of contribution levels in the first period (and period 5), and thereafter appears to be generally uninformative. Analyses of interaction effects indicated a significant two-way interaction between SVO and SVO belief in periods 2, 3 and 4, indicating that proself subjects contribute more given that they believe that others are prosocial, while prosocials do not respond much to their beliefs about the SVO of others in terms of their own contribution levels. However, although it appears plausible that such an effect may be there in the first couple of periods, the evidence that this effect is real is too thin to draw definitive conclusions. What seems to be driving subjects’ cooperative behavior in the PGG after all, is simply their beliefs about the average contribution of others, followed by their own SVO.



Table 3 shows the results of a random-effects generalized least squares (GLS) regression on all 1280 observed contributions from the total sample of 128 subjects across the ten periods of the repeated PGG. As indicated by models 1 and 2, the general pattern of results concerning the relative predictive capacity of the three independent variables is similar to the one observed in the one-shot PGG, and is robust to the inclusion of the period number into the model. Clearly, the best predictor—by far—of contribution levels is PG belief. In contrast to the one-shot situation, the predictive power of SVO is dramatically diminished, which may be somewhat expected given that it is a static variable used for predicting behavior in a dynamic situation. Nevertheless—and in accordance with the results of the period-wise OLS regression analyses (see Figure 12)—the effect of SVO on contribution levels does not fade out completely, but remains useful as a predictor over iterations of the PGG.



Since there is substantial evidence that beliefs about the behavior of others are affecting subjects’ choices substantially, then the question arises to what degree we can predict subjects’ beliefs about the average contribution of others. First, it is noteworthy that subjects’ beliefs about the average contribution of others in the one-shot PGG is not significantly different compared to the first period of the repeated PGG.11 Among the variables we have assessed that may be predictive of a priori PG contribution beliefs, SVO, and CCA show a significant bivariate correlation with PG beliefs both in the one-shot and first period of the repeated PGG. Together, these two variables explain 17.7% of the variance in beliefs about the average contribution of others in the one-shot situation, and 11.6% in the first period of the repeated PGG. In terms of a false consensus effect [92], it appears plausible to surmise that people who are more prosocial and reciprocal are also more likely to believe that others are prosocial (see the positive correlation between SVO and SVO belief in Table 1) and reciprocal, and consequently also expect higher contribution levels from others compared to less prosocial and reciprocal people.



However, given the variables we have assessed here, we cannot shed more light on how subjects form their “home grown” beliefs about the anticipated behavior of others. We can however elucidate how subjects update their beliefs according to the feedback they receive after each period of the repeated PGG. Figure 13 shows the results of 9 nested OLS regressions, one for each period of the repeated PGG starting from the second period, with subjects’ beliefs about the average contribution of their corresponding group members as the dependent variable. The average contribution of group members in period p-1 is inserted first into the regression as independent variable (IV1). As the second independent variable (IV2), subject’s beliefs about the average contribution of the group members in period p-1 is entered into the regression model. As can be seen in Figure 13, the addition of IV2 into the regression model results in a significant increase in the proportion of variance explained in all but the final period. Finally, subjects’ own contributions in period p-1 are inserted as the third independent variable (IV3). The inclusion of IV3 also leads to a further significant increase in R2 in addition to IV1 and IV2 in most periods, and predominantly in the second and third period, but not in the final period. Clearly, subjects’ beliefs about the average contribution of group members can be predicted extremely well by these three variables, especially from periods 4 to 9, where more than 90% of the variance in subjects’ beliefs about what the group members are going to contribute in the current period on average can be explained. The prediction of beliefs in the second, third, and last period of the repeated PGG is (albeit still quite accurate) more complicated, presumably because higher-order beliefs are likely to play a significant role at the beginning and the end of a repeated interaction.



Next, we tested whether the data obtained by means of the strategy method render the independent measures of preferences and beliefs obsolete in the repeated PGG. As shown in Figure 14, BBCC explains about 30–50% of the variance in contribution levels across the ten periods, but adding subjects’ beliefs about the average contribution of others results in a significant, and substantial, increase in R2 in each period. Also, the addition of SVO yields a significant, albeit not very pronounced, increase in R2 in six out of the ten periods. Also, when performing a regression across the repeated interaction while including both period number and BBCC, in addition to PG beliefs as independent variables (see model 3 in Table 3), the relative effect of SVO becomes only marginally significant (p=0.062). However, it may be worth emphasizing again that SVO here is used as a static predictor (SVOt1), while beliefs are updated in each period and BBCCs are informed by these updated beliefs. Hence, after having performed different kinds of analyses to look at the data from different angles, we conclude on the aggregate that BBCC is not a very good substitute of an independent measure of social preferences. If it were a good substitute, we would expect it to explain the variance otherwise explained by the independent measure of social preferences irrespective of the particular analysis performed, which is clearly not the case.



As can be seen in Figure 15, subjects on average actually contributed more than they indicated they would contribute given the believed average contribution of others in the strategy method in each period except the last, but on average rather matched the believed average contributions of others in all periods except the first and the last. The fact that subjects behave more conditionally cooperative than they indicated they would behave in the strategy method could have several causes. First, people may be more conditionally cooperative in a “hot” situation such as an ongoing PGG interaction compared to a “cold” situation of the strategy method. Second, subjects may feel urged to behave more conditionally cooperative because of social desirability effects due to the transparency of their contributions to others. Third, subjects may behave more conditionally cooperative because of strategic considerations (e.g., for the purpose of signaling cooperativeness). The second and third reasons would both be due to the fact that the subjects completed the strategy method with respect to a completely anonymous one-shot PGG, without even knowing that a repeated interaction would later follow. We cannot fully answer the question which reasons may be contributing to the effect, but we can consider the difference scores from the one-shot PGG. In the one-shot situation, the mean difference between subjects’ contributions and their BBCC is 1.79 (within a 95% confidence interval between 0.97 and 2.74, while the mean difference between subjects’ contributions and their beliefs about the average one-shot contribution of others is 0.33 (within a 95% confidence interval between −0.43 and 1.06. Although these figures indicate that in the one-shot situation, too, subjects’ contributions on average deviate significantly from their BBCC in the expected direction but do not deviate significantly from the believed average contribution of others, the confidence intervals around the two mean difference scores overlap, meaning that they are not statistically significantly different from each other. Hence, the evidence does not clearly support, nor refute one of the three stated possible explanations for the observation that subjects behave more conditionally cooperative in the repeated PGG than they indicated in the strategy method.



An additional question we can address is which variables on the group level are predictive of group performance. To investigate this issue, we can use the groups’ average contribution in the final period of the repeated PGG as a dependent variable, and find its best predictor on the group level among the variables we have assessed so far. Since using the group as unit of analysis reduces sample size by a factor of four, and because the subjects we excluded from the sample due to intransitive choice patterns in the SVO Slider Measure are dispersed across groups, we keep all 128 subjects for analyses so the number of groups we can analyze is not further reduced.12 In our sample of 32 groups, the best predictors of the groups’ average contributions in the final period of the repeated PGG are the groups’ average contributions in the first period (r=0.44,p<0.05) and the minimum13 of the groups’ members’ CCAs (r=0.60,p<0.001). These two variables together explain 39.5% of the variance in groups’ average contributions in the final period of the repeated PGG.14 This shows that we can predict a group’s performance (as operationalized by its average contribution level in the final period) quite well given that we know the group’s initial average contribution level and the minimum of the group members’ degrees of conditional cooperativeness. This result also holds, and is even more pronounced, if we define group performance as the groups’ average contribution levels across all of the 10 periods.15 The groups’ total average contribution levels across periods 2 to 10 depend on the groups’ average contribution levels in period 1 (r=0.63,p<0.001), and the minimum of the groups’ members’ CCAs (r=0.67,p<0.001). Clearly, the least cooperative player in a group has significant influence over the whole group’s performance. If group performance is operationalized as the total average group contribution across periods 2 to 10, the two independent variables together explain 58.4% of the variance in group performance.




4.3. Conditional Cooperation


Since we have assessed conditional cooperation by means of the strategy method just as it was assessed by Fischbacher and Gächter [6] and Fischbacher et al. [7], we can compare some of our findings to previous results. First, we can directly compare our results to the results from Fischbacher et al. [7]. Figure 16 shows the total mean conditional contributions of all16 subjects from the strategy method, and for the subgroups of conditional cooperators, “hump-shaped”, and free riders. We found that 78.12% of all subjects can be categorized as conditional cooperators, while 5.47% can be termed “hump-shape” contributors, 14.06% free riders, and 2.34% cannot be assigned to one of these categories.17 As for the subjects categorized as conditional cooperators, 24.22% (relative to all 128 subjects) match the average contributions of others perfectly or almost perfectly, 10.94% contribute more than the average contributions of others most of the time (i.e., excessive conditional cooperation), 26.56% predominantly contribute less (i.e., imperfect conditional cooperation), and 16.41% sometimes contribute more and sometimes less than the average contribution of others.



Hence, our findings replicate the results from Fischbacher et al. [7] quite nicely, although subjects’ overall willingness to cooperate was clearly much higher in our study.18 We also find that many subjects can be termed imperfect conditional cooperators, resulting in a general, but in our study a weak, tendency to contribute less than others on average. This supports the conclusion stated by Fischbacher et al. [7] and Fischbacher and Gächter [6] that imperfect conditional cooperation can cause, or at least contributes substantially to, the decline of cooperation in repeated PGGs that is often observed. However, in our experiment, where subjects received detailed feedback about the contributions of others after each period, and where fixed matching was applied, we do not find a general tendency of subjects to contribute less than the average contribution of their group members in the aggregate. However, we can readily imagine that we would have observed such a pattern if the subjects in our experiment had solely received feedback about the average contribution of others in the repeated PGG, rather than receiving a full revelation of each group member’s contribution after each period.



We extend previous findings by investigating how SVO relates to cooperator types as assessed by means of the strategy method. Table 4 shows the proportion of subjects with a particular SVO value (assigned to the categories low, medium, and high SVO) per choice pattern in the strategy method. Let us first read the table row-wise, and attend to the corresponding percentages indicated to the right of the vertical line in the parentheses. Clearly, the subjects who indicated to free ride completely in the strategy method are predominantly subjects with low or medium SVOs (nearly 80 percent together). However, there are also some subjects with high SVOs who choose free riding in the strategy method. Interestingly, among the perfect conditional cooperators, there are predominantly subjects with a medium SVO, followed by those with a high SVO, while still more than a fifth of all perfect conditional cooperators is represented by subjects with low SVOs (i.e., individualists and competitors). In accordance with expectation, most excessive conditional cooperators are subjects with high SVOs and medium SVOs. Also, most imperfect conditional cooperators are subjects with low-to-medium SVOs, while mixed conditional cooperators are predominantly medium-to-high SVO subjects. Finally, hump-shaped cooperators are almost exclusively subjects with intermediate SVO angles.



Consider the table column-wise and focus on the corresponding percentages indicated to the left of the vertical bar in the parentheses. Surprisingly, the modal cooperator type among subjects with low SVOs is not a “free rider”, but rather an “imperfect conditional cooperator”, while the percentages of free riders and perfect conditional cooperators are equal among low-SVO subjects. As for subjects with medium SVOs, the distribution is quite flat across the different cooperator types, with the modal type being perfect conditional cooperation followed by imperfect conditional cooperation. One quarter of the subjects with high SVOs are perfect conditional cooperators, while slightly more than a fifth are mixed conditional cooperators and another fifth are excessive conditional cooperators.



In summary, the two concepts of SVO and conditional cooperator types are neither completely unrelated, nor totally redundant, and Table 4 reveals some surprising results. First, the strategy to free ride given any possible average contribution of others is not exclusively indicated by subjects with low SVOs, but also to a considerable extent by subjects with medium and high SVOs. Second, the modal cooperator type of subjects with low SVOs is not “free rider”, but “imperfect conditional cooperator”, i.e., the relative majority of individualists and competitors is still inclined to cooperate—up to a certain extent—given that others cooperate as well. Third, perfect conditional cooperators can be found across all ranges of SVO, including the lowest range. Finally, excessive and mixed conditional cooperators are predominantly DMs with high SVO angles as expected. These results show that the tendency to condition own contributions on the contribution levels of others is only mildly associated with SVO, and that conditional cooperation is a behavioral pattern that is shown by DMs who are heterogeneous with respect to their basic distributive social preferences.




4.4. ΔSVO


We have assessed SVO twice, once at the very beginning of the experimental session, and once at the very end, right after the repeated PGG, to determine to what extent the dynamics of the repeated interaction (i.e., the increase or decline of cooperation) may lead to changes in the DMs’ distributive preferences. As already shown in Table 1 the correlation between SVO at t1 and SVO at t2 is very high (r=0.72), yet it is lower than the test-retest correlation across a one-week period of r=0.92 we found when validating the SVO Slider Measure (see [52]).



Figure 17 shows the distribution of ΔSVO. About one third of the participants (38, i.e., 31%) showed no change in their distributive social preferences after the repeated PGG, and among those two thirds who did show a change in SVO, 35 (28%) showed an increase in SVO angle (i.e., became more prosocial), and 51 (41%) showed a decrease in their SVO angle (i.e., became less prosocial). However, although more people changed their SVO downwards compared to upwards, the distribution is only slightly skewed, indicating that there is not a massive shift on the aggregate. Also, distributions of SVO angles at t1 and t2 are not statistically significantly different from each other as indicated by a Kolmogorov-Smirnov test, suggesting that the PGG interaction by itself did not affect DMs’ distributive preferences in a particular direction at the aggregate level.



The question then is to what degree we can explain individual changes in SVO by characteristics of the individual PGG interactions. A first natural question we can address is whether group performance is predictive of individual shifts in SVO angles (ΔSVO). Both of the two group performance measures we have used previously are significantly associated with ΔSVO, namely the group mean contribution levels across all periods (r=0.36,p<0.001) and likewise the mean contribution levels in the final period (r=0.36,p<0.001). It is interesting to see that what happens in the very last period appears to be as important as what happened across all ten periods on average. However, the best single predictor of ΔSVO is the average contribution of the DMs’ corresponding group members in the final period with a correlation of r=0.38 (p<0.001). This may be due to a recency effect (see e.g., [93,94]) or that contributions in the final period are perceived as revelations of others’ intentions unaffected by the shadow of the future [95].



Furthermore, the difference between DMs’ beliefs about the average contribution of others and the actual average contribution of others in the first half of the repeated PGG—especially in the very first period—is predictive of ΔSVO. In particular, the difference between what DMs believed their group members would contribute in the very first period, and what the group members then actually contributed in that first period shows a correlation of r=0.26 (p<0.01) with ΔSVO. This means that shifts in SVO are not independent from the experience of positive surprise or disappointment about the average contribution of group members in the first period. Finally, also the constellation of a group’s members’ CCAs is informative with respect to the group’s members’ ΔSVO. Concretely, ΔSVO is significantly correlated with the average CCA of the three other group members (r=0.19,p<0.05), and more importantly, with the minimum of the other three group members’ CCAs (r=0.28,p<0.01).



Clearly, what happens in a group during a repeated PGG influences most corresponding interaction partners’ social preferences, which then affects their subsequent behavior. Contribution levels in the final period of the repeated PGG are far better predicted by SVO at time t2 (r=0.40, p<0.001) than by SVO at time t1 (r=0.26,p<0.01). Consistent with Ackermann et al. [82] and as evaluated by Nax et al. [83], the analyses regarding ΔSVO suggest that people do not only update their beliefs about the behavior of others during a repeated PGG interaction, but additionally update their social preferences. Hence, for understanding the dynamics arising from peoples’ behavior in a repeated PGG interaction, both the process of belief updating, and the process of preference updating must be taken into account.




4.5. Questionnaire Data


In general, the questionnaire data are not very informative with respect to DMs’ behavior in the one-shot PGG, nor with respect to their behavior in the first and last period of the repeated PGG. The only scale which shows some predictive power with respect to contribution levels in the repeated PGG is Machiavellianism, which is significantly negatively associated with contributions in periods 2, 3 and 5 (r ranging between 0.18 and −0.27), and marginally significantly negatively associated with contributions in periods 4, 6, and 7. On average, the correlation between Machiavellianism and contribution levels in the repeated PGG across all periods is r=−0.20 (p<0.05). The negative association, albeit rather weak, between Machiavellianism and contribution levels in the repeated PGG makes sense, since Machiavellianism is also significantly negatively associated with both SVO (r=−0.23,p<0.05) and CCA (r=−0.26,p<0.01), which themselves are positively associated with contribution levels. Furthermore, Machiavellianism is the only variable among all the variables we have assessed or computed which is significantly (negatively) associated with the other two questionnaire scales we have assessed, namely the BJW, and Positive Reciprocity (PR).19





5. Discussion


The main results of this study show that both social preferences and beliefs about the behavior of others are important determinants of contributions in both an anonymous one-shot PGG and a repeated game with partner-matching, while up to more than 50% of the variance in individual contribution levels can be explained by these two endogenous factors in both situations. Furthermore, peoples’ beliefs about the social preferences of others turn out to be predictive of contribution levels as well, but only if peoples’ own social preferences and beliefs about the contribution levels of others are statistically controlled for. Furthermore, the relation between peoples’ beliefs about the SVO of others and their own contribution levels appears to be negative, which was surprising. However, our expectation that SVO beliefs are more informative of contribution levels in a repeated interaction compared to a one-shot situation is not supported by the data.



Also to our surprise was the result that contribution levels and beliefs about the contribution levels of others did not differ noticeably between the one-shot PGG and the first period of the repeated PGG. From this we conclude that only very few people took the opportunity to signal their willingness to cooperate at the beginning of the repeated interaction in an effort to induce cooperation by others. Rather, contribution levels can best be predicted by peoples’ beliefs about the contribution level of others together with their social preferences in both situations. Furthermore, we found that most people have a clear tendency to behave conditionally cooperatively, and that this tendency is likely underestimated when measured by means of the strategy method. Our data clearly reiterate the finding by Fischbacher and Gächter [6] that people behave more conditionally cooperative in an ongoing PGG interaction than they indicated they will when asked in the strategy method.



Regarding the dynamics of the repeated PGG interaction, we found that once people receive feedback about the outcomes of a PGG period, they update their beliefs based on the observed average contribution of others, their own contribution level, and the previous belief they had about the average contribution of others. Due to the predominance of the tendency to condition own contributions on the contributions of others, the updated beliefs are then excellent predictors of individual contributions in the following period. However, the accuracy of the prediction can be significantly increased when individual social preferences (i.e., individual SVO scores) are taken into account as well.



A further conclusion from this study is that a group’s performance in the repeated PGG can be predicted quite well by the group members’ average contribution in the first period and the group members’ tendencies to behave conditionally cooperatively. Concretely, the higher the contribution level a group starts with, and the higher the tendency of group members to behave conditionally cooperative, the more likely it is that the group can sustain a high contribution level on average, resulting in higher group performance. Likewise, the lower the contribution level a group starts with, and the lower the group members’ tendencies to behave conditionally cooperative, the more likely it is that the group will end up with a low average contribution level. Since we found no interaction between initial average contribution level and CCA, the effects of the two factors seem to be simply additive. This means that even if a group starts with a rather high average contribution level, it can end up performing poorly given that one or more group members have a very low tendency to behave conditionally cooperative (imperfect conditional cooperators) or free ride completely. Imagine, for instance, a group consisting of one free rider and three perfect conditional cooperators as an extreme case. Even if the three perfect conditional cooperators contribute the full endowment in the first period, the decline of cooperation would unfold due to the distribution of the group members’ CCAs (see [6]), and the group will end up with an average contribution level of 1.12 tokens in the final period. On the contrary, a group starting with a rather low level of cooperation can end up performing very well given that one or more group members have a very high CCA, and sometimes contribute more than the believed average of others (i.e., excessive cooperators).



The finding that a group’s performance is quite strongly dependent on the group’s initial average contribution level, and that initial individual contribution levels depend strongly on individual beliefs players have about the anticipated contributions of others, leads to an interesting implication, namely that peoples’ beliefs about the contribution levels of others can turn into self-fulfilling prophecies. Consider, for instance, a group with very prosocial DMs who have a quite high, but not perfect, tendency to behave conditionally cooperatively. Assume now that the group members all believe that the other group members are going to contribute very little in the first period, so they will also contribute very little since they are conditional cooperators. Once they get feedback about the outcomes of the first period, their beliefs are confirmed and due to their tendency to imperfectly conditionally cooperate, they are very likely to end up performing very poorly, even though they would all have wished and been willing to achieve very high contribution levels.



Furthermore, we have investigated whether the use of the strategy method renders the assessment of individual distributive social preferences by means of independent measures obsolete. We could demonstrate that this is not the case, and that SVO and tendencies to condition own contributions on the contributions of others have differential predictive capacities with respect to contribution decisions both in an anonymous one-shot PGG, and a repeated interaction with partner-matching. Moreover, the results here clarify how SVO and conditional cooperation relate to each other, and show that they are largely independent of each other insofar as the tendency to condition one’s own contributions on the contributions of others is expressed by DMs across the full range of SVO.



An additional and new finding is that peoples’ distributive social preferences (i.e., SVO) can change as a function of what happens during the repeated PGG interaction. Concretely, ΔSVO is associated in the expected direction with both group performance and “surprise” (positive or negative) about the average contribution of others in the first period(s). This is direct evidence for reciprocity according to the definition of reciprocity we have given earlier in this paper. Hence, in the process of a repeated PGG interaction, people do not only update their beliefs about the behavior of others, but do also update their own distributive social preferences in response to the behavior of others. This result extends previous findings and shows that people may not only alter their social preferences towards a specific other person [82,96], but that the behavior of interaction partners can change peoples’ social preferences more generally. It is an open question, however, to which degree the shifts in peoples’ social preferences are decoupled from specific others, i.e., for how long peoples’ distributive preferences remain altered, and to which extent the DMs’ altered distributive preferences would carry over towards a completely different group consisting of people the DMs know they have not yet interacted with.



Concerning the observed individual shifts in SVO, it would be beyond the scope of this paper to discuss the implications of intra-individual variability and context-sensitivity of the SVO construct in general. However, we think there is enough evidence by now (see, e.g., [82,96]) indicating that SVO has both trait and state components, and that further investigating the malleability and variability of this construct may be a promising and worthwhile undertaking. Also, we do not think that the acknowledgement of intra-individual variability in SVO threatens the validity and reliability of studies in which SVO has predominantly been conceptualized as a stable trait. Intra-individual variability has also been observed in personality constructs such as the Big Five, which are prominent examples of generally stable individual differences. In acknowledging that personality variables have both state and trait components, we advocate the conceptualization of traits as density distributions of states (see, e.g., [97,98]), while the variance in distributions may to a large extent be accounted for by context.




6. Conclusions


Theoretical accounts on the determinants of cooperative behavior in social dilemmas have focused on endogenous as well as exogenous factors. However, exogenous factors can influence choice behavior in social dilemmas only if there are endogenous variables which the exogenous factors can act upon, such as individual tastes and beliefs that are heterogeneous among DMs. One way to gain a better understanding of the relative degree to which these individual level factors impact real DMs’ propensities to cooperate in social dilemmas is to measure these factors simultaneously and at the individual level within one integrated study.



Following this line of thought, we conducted and report here a study with extensive measurement of endogenous variables on the individual level to investigate how preferences and beliefs affect contribution levels in both a one-shot and repeated linear PGG, and to what extent individual preferences and beliefs are dynamic. The evidence is clear that people enter a PGG situation with very diverse preferences and beliefs, resulting in notable heterogeneity among players’ choice behavior and willingness to cooperate. However, the data indicate that beliefs are not independent from preferences, and that people generally believe that others have similar preferences as they have and will show a behavior similar to their own.



Once we know peoples’ distributive social preferences (SVO), their tendency to condition their behavior on the behavior of others, and their beliefs about others’ preferences and behavior, we can predict how much they are going to contribute in a one-shot PGG and also in the first period of a repeated PGG with considerable accuracy. In addition, once we know the distribution of preferences, beliefs, and behavior within a group in the first period of a repeated interaction, we can predict how the interaction will evolve and how the group will perform collectively.



We have seen that peoples’ beliefs about the behavior of others are especially critical to their own behavior, and that due to people’s strong tendency to cooperate conditionally, beliefs are the best single predictor of a person’s future behavior in a repeated PGG. However, we have also seen that the impact of peoples’ social preferences on their contribution levels never really fades out nor becomes completely overridden by the effect beliefs have on behavior. Moreover, we could show that the strategy method is not a highly reliable methodological substitute for independent measures of social preferences at the individual level. In summary, both individual preferences and beliefs are important determinants of behavior, and the results show that people not only update their beliefs about others during a repeated interaction, but they also change their distributive social preferences in response to the behavior of others.



Our study allowed us to quantify and explain a substantial amount of the individual choice behavior in a standard linear PGG. However, what is also notable to consider is what our simple model does not account for. Cooperation is complex, and many questions remain unanswered; moreover, some new questions arise from our results. For instance, what are the reasons that people make different decisions in an ongoing PGG than they indicated they would when asked via the strategy method? How do people use and interpret signaling, and what hinders some people from signaling their willingness to cooperate at the beginning of a repeated interaction, the outcome of which—as our data shows—is strongly dependent on the initial periods? Furthermore, it remains an open question how exactly people combine and integrate endogenous and exogenous information to arrive at their contribution decisions. That is, what are the cognitive processes underlying choice behavior in PGGs? How do people learn and adapt their behavior in these interactive and dynamic contexts? To what degree does noise play as these interactions unfold? For instance, it has been shown theoretically that cooperative choices (e.g., [99]) as well as the generally observed decline of cooperation in PGGs (e.g., [100,101]) could be explained by relatively simple models of payoff-based learning while modeling agents to make partially erroneous or random decisions—all under the assumption of narrow self-interest and common knowledge thereof. Given the wealth of findings—including our own—indicating that people do show concern for others, even in anonymous one-shot situations across a variety of domains, we assign a low posterior probability to the hypothesis that human cooperation in social dilemmas only happens by mistake and is simply the result of noise. Nevertheless, we do think that integrating different streams of research across disciplines, theoretical as well as empirical, collected in the laboratory or in the wild, provides fruitful ground for gaining a better understanding of human cooperation and the variety and complexity of its causes.
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Table A1. Bivariate correlations among preferences, beliefs, and behavior in the repeated PGG.
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	PG1
	PG2
	PG3
	PG4
	PG5
	PG6
	PG7
	PG8
	PG9
	PG10
	BBCC1
	BBCC2
	BBCC3
	BBCC4
	BBCC5
	BBCC6
	BBCC7
	BBCC8
	BBCC9
	BBCC10
	PGb1
	PGb2
	PGb3
	PGb4
	PGb5
	PGb6
	PGb7
	PGb8
	PGb9
	PGb10
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	SVOt1
	SVOt2
	SVOb
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	0.74
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	0.52
	0.74
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	0.41
	0.72
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	PG5
	0.34
	0.59
	0.72
	0.83
	-
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	0.35
	0.68
	0.73
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	0.85
	-
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	0.33
	0.56
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	0.86
	-
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	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	PG10
	0.15
	0.31
	0.44
	0.52
	0.58
	0.56
	0.60
	0.63
	0.67
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	BBCC1
	0.64
	0.50
	0.39
	0.31
	0.30
	0.30
	0.28
	0.28
	0.32
	0.32
	-
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	0.43
	0.57
	0.57
	0.47
	0.49
	0.46
	0.45
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	0.33
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	0.32
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	0.50
	0.74
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	0.30
	0.48
	0.59
	0.65
	0.69
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	0.58
	0.55
	0.76
	0.82
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	0.92
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	0.95
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	BBCC9
	0.31
	0.48
	0.59
	0.65
	0.68
	0.64
	0.67
	0.70
	0.68
	0.58
	0.57
	0.76
	0.81
	0.91
	0.92
	0.93
	0.93
	0.98
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	BBCC10
	0.24
	0.43
	0.55
	0.59
	0.63
	0.61
	0.62
	0.64
	0.64
	0.67
	0.54
	0.69
	0.74
	0.82
	0.81
	0.83
	0.82
	0.88
	0.89
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	PGb1
	0.80
	0.51
	0.30
	0.21
	0.18
	0.21
	0.22
	0.23
	0.19
	0.11
	0.65
	0.31
	0.19
	0.20
	0.19
	0.19
	0.18
	0.23
	0.24
	0.19
	-
	
	
	
	
	
	
	
	
	
	
	
	
	



	PGb2
	0.46
	0.69
	0.60
	0.54
	0.49
	0.51
	0.50
	0.47
	0.43
	0.29
	0.36
	0.63
	0.53
	0.51
	0.51
	0.49
	0.51
	0.53
	0.52
	0.46
	0.40
	-
	
	
	
	
	
	
	
	
	
	
	
	



	PGb3
	0.32
	0.57
	0.81
	0.66
	0.65
	0.66
	0.71
	0.67
	0.63
	0.47
	0.24
	0.51
	0.64
	0.61
	0.60
	0.60
	0.62
	0.62
	0.59
	0.57
	0.16
	0.69
	-
	
	
	
	
	
	
	
	
	
	
	



	PGb4
	0.29
	0.56
	0.75
	0.81
	0.80
	0.78
	0.79
	0.77
	0.74
	0.56
	0.30
	0.54
	0.65
	0.78
	0.75
	0.74
	0.73
	0.75
	0.74
	0.69
	0.18
	0.64
	0.85
	-
	
	
	
	
	
	
	
	
	
	



	PGb5
	0.27
	0.53
	0.71
	0.80
	0.87
	0.81
	0.78
	0.78
	0.74
	0.52
	0.21
	0.46
	0.56
	0.68
	0.70
	0.68
	0.68
	0.68
	0.67
	0.62
	0.15
	0.56
	0.73
	0.90
	-
	
	
	
	
	
	
	
	
	



	PGb6
	0.23
	0.49
	0.70
	0.77
	0.84
	0.84
	0.82
	0.80
	0.76
	0.56
	0.20
	0.42
	0.53
	0.65
	0.66
	0.71
	0.68
	0.68
	0.67
	0.63
	0.13
	0.48
	0.71
	0.87
	0.94
	-
	
	
	
	
	
	
	
	



	PGb7
	0.23
	0.45
	0.65
	0.71
	0.79
	0.79
	0.86
	0.80
	0.75
	0.53
	0.20
	0.44
	0.54
	0.65
	0.67
	0.68
	0.74
	0.72
	0.68
	0.65
	0.10
	0.49
	0.72
	0.83
	0.90
	0.92
	-
	
	
	
	
	
	
	



	PGb8
	0.24
	0.48
	0.65
	0.75
	0.83
	0.80
	0.83
	0.80
	0.78
	0.55
	0.26
	0.47
	0.56
	0.66
	0.67
	0.69
	0.72
	0.76
	0.72
	0.67
	0.12
	0.48
	0.68
	0.83
	0.90
	0.91
	0.96
	-
	
	
	
	
	
	



	PGb9
	0.24
	0.49
	0.67
	0.75
	0.80
	0.80
	0.85
	0.83
	0.84
	0.59
	0.24
	0.45
	0.52
	0.65
	0.65
	0.67
	0.69
	0.72
	0.74
	0.68
	0.13
	0.47
	0.67
	0.83
	0.89
	0.91
	0.93
	0.95
	-
	
	
	
	
	



	PGb10
	0.15
	0.38
	0.53
	0.61
	0.69
	0.66
	0.68
	0.68
	0.70
	0.70
	0.36
	0.52
	0.58
	0.68
	0.68
	0.70
	0.71
	0.76
	0.76
	0.86
	0.08
	0.39
	0.58
	0.72
	0.75
	0.77
	0.79
	0.83
	0.83
	-
	
	
	
	



	CCA
	0.32
	0.35
	0.33
	0.32
	0.33
	0.30
	0.25
	0.30
	0.28
	0.31
	0.77
	0.79
	0.79
	0.71
	0.69
	0.67
	0.63
	0.62
	0.63
	0.61
	0.21
	0.24
	0.23
	0.31
	0.22
	0.21
	0.21
	0.25
	0.21
	0.37
	-
	
	
	



	SVOt1
	0.30
	0.24
	0.14
	0.08
	0.12
	0.09
	0.11
	0.14
	0.11
	0.26
	0.34
	0.25
	0.22
	0.16
	0.16
	0.13
	0.14
	0.15
	0.14
	0.13
	0.32
	0.07
	0.02
	0.03
	−0.02
	−0.04
	−0.02
	0.00
	−0.00
	0.04
	0.30
	-
	
	



	SVOt2
	0.26
	0.32
	0.31
	0.35
	0.32
	0.31
	0.33
	0.32
	0.35
	0.40
	0.36
	0.38
	0.40
	0.38
	0.34
	0.33
	0.33
	0.33
	0.32
	0.29
	0.19
	0.18
	0.22
	0.27
	0.22
	0.22
	0.24
	0.28
	0.25
	0.26
	0.36
	0.72
	-
	



	SVOb
	0.09
	0.15
	0.09
	0.08
	0.05
	0.05
	0.09
	0.17
	0.08
	0.17
	0.18
	0.18
	0.16
	0.09
	0.08
	0.07
	0.09
	0.08
	0.08
	0.06
	0.19
	0.05
	0.04
	0.04
	0.04
	0.01
	0.02
	0.05
	0.05
	0.05
	0.15
	0.63
	0.55
	-







Note: Levels of significance are indicated by font, which is bold at the p<0.001 level, bold and italicized at the p<0.01 level, and italicized at the p<0.05 level. PGn = PG contribution in period n; BBCCn = BBCC in period n; PGbn = Belief about the average contribution of others in period n; CCA = Conditional cooperation area; SVOtn = SVO at time n, SVOb = SVO belief.
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