
The impact of game parameters, social history, and endogenous group formation on the choice of
strategies in repeated PD games is experimentally examined. Overall, rates of cooperation are quite low
and decline with repetition of the game. On the other hand, rates of cooperation are increased by
increases in the level of cooperators gain, as well as in groups that endogenously, via strategy selection,
"self-select" into subgroups of relatively high cooperators. Rates of cooperation are also increased in
situations where subjects are repeatedly matched with the same person, relative to situations with random
matching between decision rounds.



I. INTRODUCTION

Empirical results from experimental studies of trust and social dilemma games are generally not

consistent with the prediction that no one trusts others or cooperates in these settings. Levels of trust and

cooperation, however, vary substantially from one experimental design to another. To explain this

substantial variation, the theoretical literature focuses on factors within a game and those in the

environment surrounding a game that are posited to affect individual motivation and behavior.

Considerable debate exists, however, regarding the relative weight of pecuniary payoffs, subjects'

orientations to fairness, trust, or reciprocity, and how players in a game are linked to one another (Bolton

and Ockenfels. 1997; Camerer, 1990; Kahneman, Knetsch, & Thaler, 1986: Fehr and Schmidt. 1997;

Ochs and Roth, 1989). Strong evidence exists that all of these factors affect, to some extent, the degree

of trust and cooperation in social dilemma situations. The puzzle is how to understand the linkages

between the structure of a situation, internal preference orderings, beliefs about others in these settings,

and consequent behavior. This is a large puzzle, currently being addressed by scholars across numerous

disciplines in the social sciences. In our own long-term effort to understand behavior in such settings,

we are currently examining the effect of a variety of factors that stem both from the structure of a

dilemma setting and the motivations and beliefs of players. In this paper we provide an overview of our

approach to these multiple factors and report results from a series of experiments with Prisoner's

Dilemma (PD) games designed to investigate this puzzle.

Structure and Linkages

We see four basic elements related to the structure and linkages within any experimental game

situation that affect behavior. These are:

• pecuniary benefits,

• player types,

• information about player types,
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• linkages between players that occur in repeated game situations.

These four elements are utilized to explain observed behavior through their impact on player

motivations and beliefs regarding the play of others.

Pecuniary Benefits

In non-cooperative game theory, predicted game equilibria depend on the utilities that players

receive from alternative outcomes. When a game is operationalized in a laboratory, the traditional

approach has been to assume that the pecuniary payoffs associated with outcomes are isomorphic to

utility. Much of the current debate and learning within experimental social sciences is related to

understanding when this approach yields successful predictions. In the one-shot PD game, as

operationalized in laboratory experiments with monetary payoffs, both players are posited to have a

dominant strategy called Defection (D). When both players choose their dominant strategy, as is

predicted by game theory, the outcome is Pareto inferior to the outcome resulting when both players play

their dominated strategy called Cooperation (C). Research across numerous design situations does not

support the prediction that no one will cooperate in one-shot games where the monetary payoffs form a

PD structure. Even when double blind test procedures are used in one-shot experiments, a significant

number of individuals choose the dominated strategy of cooperation (see Hayashi, et al., 1999, for

relevant cites).

Rapoport and Chammah (1965) gave names to each of the pecuniary payoff entries based on

their substantive meanings: Temptation (T), Reward (R), Punishment (P), and Sucker (S). Figure 1

incorporates these payoff concepts into a symmetric PD game of two players where: T > R > P > S . As

shown in Figure 1, there are two kinds of objective pressures to play D. First, if the other player were to

play C, a player can increase his/her monetary payoff by playing D, This gain in monetary payoffs (T-

R) is referred to as Greed. Similarly, if the other player were to play D, playing C costs a player (P-S).

This loss in payoffs is referred to as Fear. On the other hand, an incentive at the level of the group exists
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to play C, because both players receive higher monetary payoffs playing C than when they both play D,

The magnitude of this incentive is (R-P), referred to as "Cooperators' Gain." If pecuniary payoffs are

transformed monotonically into utilities, the relative size of Fear, Greed, and Cooperators Gain should

make no difference in behavior. Subjects should defect in a one-shot PD no matter the objective level of

Fear, Greed, or Cooperators' Gain. Prior studies have shown, however, that increases in Fear or Greed

lower the rate of cooperation in PD games (Rapoport & Chammah, 1965; Rapoport, 1988; Saijo and

Nakamura, 1995). Clark and Sefton (1998) found that a doubling of the Temptation payoff- thus

increasing Greed - significantly affected levels of cooperation in one-shot, sequential PD games. Thus,

substantial evidence exists that a subject's own pecuniary payoffs matter, but that not all behavior can be

explained by using them as a proxy for utility.

Player Types

The proposition that not all players obtain utility from game outcomes as a result of a simple,

monotonic transformation of their own pecuniary payoffs into utility, has been put forward by scholars

from diverse traditions (Sen, 1974; Raub, 1990). Psychologists have long argued that the social values

held by an individual affect how they transform a material payoff matrix into an effective matrix (Kelley

and Thibaut, 1978; Kramer, McClintock, and Messick, 1986; Kuhlman, Camac, and Cunha, 1986).

Instead of assuming that only one type of player exists who maximizes material payoffs — ignoring the

outcomes received by others or the morality of actions leading to outcomes - many scholars assume that

players hold multiple orientations to games based on their own internal valuation systems and their

linkage to others. Internal values in turn affect how pecuniary payoffs are transformed into utility.

Rabin (1993), for example, recommends that one should derive "psychological games" from basic

"material games" and include in the transformation how players perceive the fairness of particular

strategies taken by themselves and others (see also Binmore, 1998).

Recent evidence strongly suggests that at least some subjects facing a PD game in pecuniary
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benefits perceive the game in utilities as if it were an Assurance Game with two equilibria —

defect/defect and cooperate/cooperate.1 This view is based on evidence from questionnaire data or

from prior behavior in another game. When "player types" are operationalized with a set of questions

that ask subjects to rank the four outcomes of the game (where the payoff to the subject is the first

element of the cell), many subjects give a ranking in which the outcome (T,S) is ranked below the

outcome (R,R). With such rankings over outcomes and the belief that others hold such rankings, players

are implicitly facing an Assurance Game rather than a PD game. For example, in an experimental

investigation of a one-shot PD game, using double blind procedures, Ahn, Ostrom, and Walker (1998)

report, based on questionnaire data, that 44% of a pool of 136 subjects revealed a preference ranking in

which the outcome (T,S) was ranked below the outcome (R,R). The questionnaire was administered

after subjects made their own game decision, but before subjects learned of the decision of the person

with whom they were matched in the PD game (see also Watabe et al., 1996 for similar findings from

Japan, and Hayashi et al., 1999, for a comparison of responses from Japan and the U.S.)

Cain (1998) operationalized "types" of players for analysis in PD games by first asking all

players to play a dictator game where they were each endowed with 10 tokens (which could be converted

into monetary payoffs after the experiment). Each subject was asked to assign these tokens to

themselves and to an anonymous other player. Those who retained 70 percent or more of their

endowment were classified as "stingy players," while those who gave away 30% or more were

considered to be "nice players." In Cain's sample, 44 percent of the subjects were classified as stingy

types and 56 percent were classified as nice types. In a subsequent PD game, stingy players cooperated

an average of 39 percent (in three trials with a randomly selected new opponent in each trial), while nice

players cooperated 53 percent (p < .001) (Cain, 1998: 150).

Evolving theories posit different internal mechanisms to transform payoffs into utility. In a

model of inequity aversion developed by Fehr and Schmidt (1998), individuals' utility functions
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incorporate negative components based on relative payoffs in a game in addition to objective earnings.

In particular, some individuals are assumed to have an aversion to payoff outcomes in which their own

payoff outcome is below or above the payoffs of other players in the game. The strengths of these

components are assumed to vary across individuals and with respect to whether an individual's payoff is

above or below that of others.2 If an individual's inequity aversion is of sufficient magnitude and the

individual has sufficient beliefs that others may have such preferences, a game in pecuniary benefits is

transformed into a coordination game. Crawford and E. Ostrom (1995) examine the role of norms

represented by internal parameters added to or subtracted from objective payoffs on behavior. Guth and

Yaari (1992) propose an indirect evolutionary approach whereby selection operates on the objective

payoffs obtained from interactions, but positive or negative internal weights are placed on objective

outcomes as a result of the norms adopted by individuals. The distribution of particular norms in a

population is thus indirectly affected by how well the carriers of these norms do in repeated interactions

with others carrying different or similar norms (see also Guth and Kliemt, 1998). Theories of reciprocity

also provide an explanation for diverse internal transformation of pecuniary payoffs into internal

preferences. Instead of presuming that individuals cooperate out of a concern for others alone, or only

because they feel an action is the right thing to do, reciprocity as an explanation implies that players

make choices contingent on their beliefs concerning the likely actions of others and what these actions

reveal about the intentions of others (see Falk and Fishbacher, 1998; Wagner, 1998; Hoffman, McCabe

and Smith, 1996; Ostrom, 1998).

If one accepts the proposition that some players obtain utility from game outcomes that are not

simple monotonic transformation of pecuniary payoffs, then one can see how the relative payoffs within

the game can affect player types. In particular, the lower the value of Greed, the less costly for an

individual to value the outcome (R,R) over the outcomes (T, S). Thus, lower Greed will increase the

proportion of individuals who see the game as an Assurance Game as contrasted to a PD Game. The
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effect on behavior of increasing Fear depends on the certainty with which individuals know the type of

the player with whom they are playing. The larger the level of Fear in a game, the more important it is to

hold firm beliefs regarding the motivation of the one with whom one is paired. The impact of increasing

Cooperators' Gain depends on whether this increase is correlated with a decrease in Greed, a decrease in

Fear, or both. Thus, in our approach we posit an interaction between player type and the structure of

pecuniary gains.

Information About Player Types

Once one accepts the possibility that more than one type of player exists in social dilemmas, then

it is reasonable to assume that players also assume there are multiple types of players among those they

might encounter. Consequently, the kind of information that subjects in an experimental lab obtain about

those with whom they are paired may affect their behavior. This is especially true for individuals who

value reciprocity and thus wish to return cooperative or uncooperative behavior with a similar response.

"Cooperative players" who are interacting with individuals that they do not trust to reciprocate acts of

cooperation, will act differently than cooperative players who are interacting with others who they think

will cooperate.

Evidence suggests that individuals may perceive different levels of obligation to respond

reciprocally depending on the person with whom they are paired and whether there are pre-existing

social linkages. Kollock (forthcoming) found that the cooperation rates of UCLA fraternity brothers was

strongly influenced by whether they thought they were paired with other members of their own

fraternity, members of other fraternities, UCLA students at large, USC students, or UCLA police

officers. In addition, Cain (1998) found that providing information about the prior strategy used by a

player in a dictator game, to the person with whom that player was matched in a PD game, affected

expectations about the likelihood of the other cooperating. Using Cain's classification, stingy players

tended to expect both nice and stingy players to defect, but nice players "switched their predictions when
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facing nice players, expecting nice players to cooperate" (Cain, 1998: 151). Information about the prior

strategy of a randomly paired player also affected the behavior of players - particularly nice players

chose cooperation 69% of the times when they were paired with other nice players and 39% of the time

when they were paired with stingy players (p < .001).

Not only is information about the presence or absence of pre-existing social connectedness or

other player types an important source of different behavior, knowing how much information about one's

actions in a game will be conveyed to others is also a factor potentially affecting decisions. Knowing that

your identity will be revealed to others after or during an experiment may increase the weight of internal

norms triggered by external observation (Coleman, 1988; Crawford & E. Ostrom, 1995; Hoffman,

McCabe and Smith, 1996; Bohnet and Frey, 1998).

Linkages Among Players in Repeated Games

Within the literature on non-cooperative game theory, cooperation in the PD game is deemed

possible if the game is repeated infinitely or, in the context of a finitely repeated game, if a player has

sufficient priors that other players may play the game irrationally (Kreps et al., 1982). In both of the

latter situations, a player's choice of cooperative strategy depends on his/her belief about the other

player's response to cooperative play. Thus, even when players do not know one another, an opportunity

to play repeatedly with the same player over a series of repeated games allows the players to signal one

another through their actions as to whether they are willing or not to use reciprocity in playing a PD

game. In addition, if players transform monetary PD payoffs into assurance games in utility space, these

players face an equilibrium selection problem. The likelihood of coordinating on the payoff dominant

equilibrium is higher in a repeated setting, dependent upon the linkages between players across rounds

(Schmidt, Shupp, Ostrom, and Walker, 1998). Further, the exact form of the linkages between players'

actions and resulting outcomes may affect the level of cooperation. An example is whether the game is

sequential or simultaneous (Clark and Sefton, 1998;Yamagishi and Cook, 1993). Finally, if players
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believe that the persons with whom they will be matched in future decisions depend on current decisions,

such linkages could affect behavior. This form of linkage is one of the issues we address in the research

reported here.

An Overview of Our Research

In the research reported here, we explore aspects of the above four elements (each of which

involve a large number of sub-components). We investigate the frequency of cooperative play in a series

of two-person PD experiments where the pecuniary payoffs and the linkages among players are

systematically varied while controlling the type of information given to participants. We are also

interested in exploring how different types of players (measured in a post-experiment questionnaire)

respond to the structure of pecuniary benefits and the linkage structure.

In regard to the structure of the pecuniary payoffs, normalized levels of Fear, Greed, and

Cooperators' Gain in the monetary payoff structure are systematically varied in six repeated PD games

as described below. The subjects in these experiments are all recruited from the same subject pool -

undergraduate students at Indiana University who are enrolled in a freshmen economics class. These

subjects do not know at any time with whom they are paired in any of the decision trials and are told that

their decisions will be kept confidential throughout and after the experiment.

To explore how information about player behavior and linkages among players affect

cooperation, we utilize three designs. In the first two designs subjects are randomly and anonymously

matched with each other, hindering sequential reciprocity and coordination. We assume that random

rematching creates a setting of distrust since subjects cannot develop joint expectations over time about

each other's intentions and behavior. In the first design, referred to as the Random Grouping treatment,

8 subjects first play 12 rounds (two rounds of each of the payoff matrices in the design) of the PD game.

In a second phase, they are randomly assigned into two groups of four players and provided a history of

the choices made by the members of both groups based on subject identification number (without
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personally identifying individuals). This provides subjects in the second phase information about the

distribution of past actions of the population of players involved in the experiment. In the second design,

referred to as the Endogenous Grouping treatment, subjects are also divided into two groups after the

first 12 rounds but not randomly. One group is composed of those subjects with the highest cooperation

rates in the first 12 rounds. The other group is composed of those with the lowest cooperation rates. As

with the first treatment, subjects are also provided a history of the choices made by the members of the

two groups. Subjects are explicitly told how the groups in the second phase will be formed (randomly in

the first design, and by levels of cooperation in the second design), without using the term "cooperation"

in the instructions. We are also interested in how different types of players will react to the pecuniary

rewards of the game and to the way information is reported and players are linked. Thus, we ask all

players to complete a questionnaire from which we infer one measure of their player type.

The third design was created to parallel the structure of the Endogenous Grouping treatment,

except that subjects were matched with the same person in the first phase of the experiment. They were

then randomly rematched with a person in their group for the duration of the second phase. This design

was created to explore the impact of strengthening the linkage between players, thus allowing for greater

levels of coordination and reciprocity.

The paper is organized as follows. Section II presents: (a) the game parameters for the PD games

and research hypotheses based on those parameters, (b) details of the experimental decision environment

that allows for investigating the role of social history and endogenous group composition, and (c) details

regarding the experimental protocol. Sections III presents results from the first two designs. Section IV

presents the results from the third design. Section V discusses what we have learned about the design

elements of trust and dilemma experiments.
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II, The Game Environment: Designs I and II

PD Games: Payoff Parameters

The six PD games investigated are shown in Figure 2, where strategy choices "D" and "C" have

been replaced by "A" and "B" to represent the naming convention used in the actual experiments. The

games were designed to systematically vary normalized values of Fear, Greed, and Cooperators Gain,

where the absolute values of these measures are divided by the difference between the maximum and

minimum possible payoffs.

Table 1 associates the game payoffs with these concepts. For design purposes, this

normalization has the attractive feature that:

Normalized Fear (Fn) + Normalized Greed (Gn) + Cooperators Gain (CGn) = 1,

We propose the following three behavioral conjectures:

Conjecture 1: The rate of cooperation will be decreasing in Normalized Fear (Fn) = (P-S)/(T-S).

Conjecture 2: The rate of cooperation will be decreasing in Normalized Greed (Gn) = (T-R)/(T-S).

Conjecture 3: The rate of cooperation will be increasing in Normalized Cooperators Gain

(CGn) = (R-P)/(T-S).

As shown in Table 1, these conjectures generate seven research hypotheses related to the

expected frequency of cooperative choices across pairs of games. Each hypothesis is stated in terms of

expected frequency of play of strategy B.

The Decision Environment

Subjects were recruited to the laboratory in cohorts of size 8. Upon arrival, subjects privately

read through a set of computerized instructions that explained the game situation. After reviewing the

instructions for the game, the experimenter reviewed publicly, on an overhead projector, further

instructions that explained the decision environment. In all experimental sessions, subjects were

informed that the experiment would consist of two phases: Phase I and Phase II. In all sessions, prior to
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all play, the subjects were informed of the details of how play would proceed in Phase I and in Phase II.

The experimental treatments vary in the way Phase II was conducted. We refer to the two treatment

conditions as "Random Grouping" and "Endogenous Grouping."

Phase I Environment

We first summarize the key elements of Phase I. The subjects were informed that: (a) Phase I

consisted of 12 decision rounds, (b) that the decision game varied between decision rounds, (c) that each

round each player played the same game, (d) that each round each subject was randomly matched with

one of 7 other subjects, with replacement, and (e) that the subjects would never know the identity of the

person with whom they were matched in any particular decision round.

Phase II- Random Grouping Environment

Below we summarize the principal conditions for Phase II of each of the two treatments.

Appendix A contains detailed information. Prior to play, subjects were informed of the conditions for

Phase I and Phase II. The subjects were informed that Phase II would: (a) consist of 12 decision rounds,

(b) that the decision game varied between decision rounds, (c) that in each round each player played the

same game, (d) that prior to play in Phase II the group of 8 subjects would be divided randomly into two

groups of 4 subjects, (e) that the person with whom each subject would be matched each round would be

randomly drawn from the 3 other subjects in their group, and (f) that following Phase I, but prior to

decisions in Phase II, information would be displayed about the decisions made in Phase I. In particular,

the subjects were informed that the public display would include, organized by subject number, the

number of times a subject chose A, and the number of times that person chose B. Also displayed would

be the number of times the subjects with whom a subject was matched chose A or chose B. This

information was anonymous in the sense that each subject knew their own subject number, but not the

subject number of any other subject. The subjects knew, however, the subject number of each person in

their randomly chosen group.
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Phase II - Endogenous Grouping Environment

This treatment is identical to the random grouping treatment except for the way the two

subgroups were chosen for Phase II. Prior to Phase I, subjects were informed that the grouping for Phase

II would be based on the decisions of each subject in Phase I. They were informed that the 4 subjects

with the most choices of A would be grouped together and the 4 subjects with the most choices of B

would be grouped together.

Player Type: Social History and Group Formation

The repeated nature of the decision situation within Phase I and within Phase II allows us to

examine how strategy choice is affected by the history of play within an experimental session.3 The

formation of "subgroups" and the public display of information regarding strategy choices, prior to play

in Phase II, allows us to examine how strategic choice may be impacted by information that may signal

player types. In particular, in the Random Grouping treatment subjects know that their own history of

play will not affect the group in which they are placed in Phase II, but they do know that the subjects in

their Phase II subgroup will have an historical account of the play of all members within that subgroup

including themselves. In the Endogenous Grouping treatment, subjects know that play in Phase I can

impact the subgroup with whom they will be placed in Phase II, as well as the historical account of play

of the members within that subgroup.

It is an empirical question as to how subjects may respond to these additional decision

environment conditions. Certainly, one hypothesis is that those subjects wishing to form "coalitions"

based on cooperation will tend to self select into a high cooperation subgroup in Phase II of the

Endogenous Grouping design, leading to higher rates of cooperation in Phase I and, for this subgroup, in

Phase II. On the other hand, it is possible that some subjects, inclined toward "taking advantage" of

cooperators, may choose to cooperate more often in Phase I of the Endogenous Grouping design, hoping

to self-select themselves into a subgroup of high cooperators in Phase II of this design, following this
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with high levels of noncooperation.

The Experimental Protocol

Subjects were volunteers from undergraduate courses in economics at Indiana University. Prior

to volunteering, subjects were informed that they would participate in a decision-making exercise and be

paid in cash an amount dependent upon their decisions and the decisions of others in the experiment.

Upon arriving at the experimental laboratory, subjects were randomly seated at computer monitors. The

games played were described as board games with a row and column player. Each subject made a choice

between option "A" and option "B." Subjects were given complete information about the payoff

structure. Each subject always saw himself/herself as a row player. As noted above, subjects were

informed that the experimental session would consist of two phases and that at the end of the

experimental session they would privately receive their earnings in cash, plus $5 for keeping their

experiment appointment. Subjects were instructed to think of the payoffs in the individual games as

"computer pesos," where the conversion rate was 100 pesos equals $1. Subjects, on average, earned

$19.60 and participated for approximately one hour.

As discussed above, Phase I and Phase II each consisted of 12 decision rounds. In each phase,

each of the 6 games discussed above was placed twice. The order of play was based on game number.

Specifically the ordering was game 1,2,3,4,5,6,1,2,3,4,5,6. Designs I and II were balanced. In total,

there were 6 sessions, 3 utilizing "Random Grouping" and 3 utilizing the "Endogenous Grouping."

Upon completion of the experimental session, subjects were asked to complete a short questionnaire (see

Appendix B). They were asked to think carefully about their responses and were told they would receive

$2 for completing the questionnaire.
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III. Random Matching: Designs I and II

The discussion of results is organized around two broad approaches. We start by analyzing the

data as if we could consider each play of the game as an independent observation, even though we

anticipate that players' experiences may shape how they play subsequent games. After presenting this

static analysis, using a multivariate analysis, we turn to a more dynamic approach in which we consider

the effect of individual experiences on their play of the games.

Game Structure and Grouping Treatments

Game Structures

Before examining the paired game hypotheses presented in Table 1, we briefly summarize

overall levels of observed cooperation. A crude, yet suggestive, view of the data is presented in Figure 3.

Displayed is the relative frequency of cooperative play (play of B) in each of the twelve round

sequences of Phase I and Phase II, pooled over both treatment conditions. The figure shows a relatively

high cooperation rate in round one of Phase I, with a downward trend, where cooperation rates in many

rounds fall well below 10%. The downward trend, however, is far from uniform. In general, cooperation

rates are higher in odd numbered rounds (Games 1, 3, and 5) than in even numbered rounds (Games 2, 4,

and 6). This pattern could be evidence of serial correlation in cooperation decisions, or it could be that

the game structures are responsible for the pattern. Differentiating between these two explanations is one

of the questions we examine later in the analysis.

Table 2 provides data on cooperation rates in an alternative form. Cooperation rates are

displayed for each of the six game structures, pooled across decision rounds and treatments. Consistent

with Figure 3, it is clear that cooperation is typically higher in odd numbered games, games in which the

normalized cooperator's gain (CGn) is relatively larger.

Before formally testing the paired game hypotheses as related to Gn, Fn, and CGn, we address a

data concern that is apparent in Figure 3. We see that cooperation rates are very high initially, the
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question is whether this is due to the structure of the game played in the first round. We expect that the

experience of an individual may affect how they play the game, and this experience changes as the

experiment progresses. To examine the paired game hypotheses, we seek to minimize the possibility of

differential experiences impacting play of the games in an uneven manner. Recall, each game is played

four times during an experimental trial, and the sequencing of the games are spread evenly over the

length of the experiment. Although the initial surge of cooperation may be higher or lower for various

initial game structures, it is probably partially caused by factors other than the payoffs of the initial

game. It is quite likely that a player's actions in any given round may depend on their experience in

prior rounds. This implies that the play of the first round could have an important impact on the play of

the second round, because it is the entire experience in the experiment up to that point. These issues led

us to take the following approach to the initial static analysis of the data. We examine the data from

round seven (after all subjects have seen each of the six games once) through round 12 in Phase I.

In-between phases, the experimental decision situation was "restarted," to review the instructions

for Phase II, to display the history of decisions from Phase I, and to allow for the new groupings. From

the experimental work on voluntary contributions to public goods, there is strong experimental evidence

that a "restart", even when there are not changes in experimental parameters, can significantly impact the

level of cooperative choices (Isaac and Walker, 1988). For this reason, we also limit our analysis to data

from rounds 7-12 in Phase II. Later, we present a more dynamic analysis of the data that addresses this

trend in cooperation rates.

Before proceeding to the formal data analysis, we consider a graphical depiction of the relation

between observed cooperation rates and the levels of Gn, Fn, and CGn. Figure 4 presents two bubble

charts plotting cooperation rates for both the Random and Endogenous treatments. The observed relative

frequency of cooperative play in Game 1 in the Random Grouping treatment for the rounds included in

this static analysis was 6%. In Game 1, Gn=Fn=0.3, so the bubble located at the point (0.3,0.3) is scaled
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to represent 6%. For comparison, Fn=Gn=0.4 in Game 2, and the observed relative frequency of

cooperative play was 2% in this same treatment, so the bubble located at (0.4,0.4) is roughly one third of

the size of the bubble at (0.3,0.3). As shown in the charts, games that lie on the same 45-degree line

share a common level of CGn. The most distinctive pattern shown in Figure 4 is the consistent decline in

rates of cooperation associated with movements to the north and/or east. We now turn to a statistical

analysis of the results demonstrated by this casual observation.

Table 3 displays x2 significance tests for the seven hypotheses stated in Table 1. The first three

hypotheses (H-l, H-2, and H-3) concern pairs of games in which one of the two games exhibits a higher

measure of CGn, but lower levels of Gn and Fn, all of which are hypothesized to lead to higher

cooperation rates. Three pairs of games can be compared on this basis, as listed in Table 1.

Observation 1. We find support for the research hypothesis that cooperation rates are higher in the games

with higher CGn and lower Fn and Gn.

At reasonable significance levels, for four of six of the paired comparisons, we reject the null

hypothesis of no difference in the frequency of cooperative choices between pairs of games. Although

the order of games is consistent with the research hypothesis, in the Random Grouping treatment the null

hypothesis is not rejected in the comparison of Game 1 and Game 2 and in the Endogenous Grouping

Treatment the null hypothesis is not rejected in the comparison of Game 3 and Game 4.

The next two hypotheses (H-4 and H-5) concern pairs of games in which CGn is higher and Fn is

lower in one of the two games, but Gn is the same between the two games. We would expect the game

with higher CGn and lower Fn to produce more cooperative play.

Observation 2. We find support for the research hypothesis that cooperation rates are higher in the games

with higher CGn and lower Fn.

We observe higher cooperation rates in Game 5 than in Game 2, and in Game 1 than in Game 4,

but the differences are only statistically significant in the comparisons of Game 5 with Game 2.



Finally, we consider games, and associated hypotheses H-6 and H-7, in which Fn is held constant

while CGn is higher and Gn is lower in one of the two games. We would expect the game with higher

CGn and lower Gn to result in a higher frequency of cooperative play.

Observation 3. We find support for the research hypothesis that cooperation rates are higher in the games

with higher CGn and lower Gn.

We observe higher cooperation rates in Game 1 than in Game 6, and in Game 3 than in Game 2,

but the differences are only statistically significant in the comparisons of Game 3 with Game 2.

In summary, controlling for treatment effect, we find considerable support for the seven research

hypotheses based on paired game comparisons. As shown in the last column of Table 3, pooling the data

across treatment effects leads to similar conclusions. These results indicate that the changes in the game

parameters are correlated with level of cooperation in the expected direction. They say nothing about the

relative impacts of the measures of CGn, Fn, and Gn. This question will be addressed later with

regressions that will also seek to control for the dynamic nature of the data.

Grouping Treatments

We now turn our focus to contrasting behavior in our two treatment conditions that affect the

method of determining subgroups in Phase II. Recall, for matching purposes in Phase II, the group of 8

subjects was separated into two groups of 4 subjects. In the Random Grouping treatment, subjects knew

that the subjects with whom they would be randomly grouped in Phase II would be informed of the

history of each of the players in their group. So, subjects have a weak incentive to cooperate in Phase I

in order to send a signal to potential Phase II matches. However, players never know the identity of their

match, so if one cooperates often in Phase I and randomly ends up in a group of low cooperators in Phase

II, the signal is likely to have little value. In the Endogenous Grouping treatment, the signaling

component is present and there is an additional reason why players may choose to cooperate in Phase I.

In this treatment, the Phase II groups were formed on the basis of grouping together players with similar
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histories. The "high" group was formed to include the 4 subjects with the highest frequency of

cooperative choices in Phase I. Similarly, the "low" group contained the 4 subjects with the lowest

frequency of cooperative choices in Phase I. Thus, cooperation in Phase I makes one more likely to be

matched with other high cooperators in Phase II.

In the Random Grouping treatment, there were no high and low groups in Phase II, the groups

were composed randomly. For purposes of analysis, we create what we refer to as the high and low

groups in this treatment. We calculated the average cooperation level for each group, based on their

cooperation rates in Phase I. Within an experimental session we made a paired comparison of the two

groups and categorized the group with the higher cooperation rate as the high group. We then pooled

together the high groups and pooled together the low groups for making behavioral comparisons to the

high and low groups from the Endogenous Grouping treatment.

Observation 4. The Endogenous Grouping treatment has no relative impact on rates of cooperation in

Phase I. The treatment does lead to higher rates of cooperation in Phase II by those subjects who self

select into high cooperation groups.

Table 4 displays the summary data on cooperation rates across each treatment condition and each

phase. The Phase I cooperation rates in the Random Grouping treatment (17.01%) and the Endogenous

Grouping treatment (17.71%) are virtually identical. On the other hand, Table 4 provides evidence that

the grouping treatment had a significant impact on Phase II behavior. Focusing first on the Random

Grouping treatment, we find that those subjects who were classified as the high group from decisions

made in Phase I, cooperated at a rate of 13% in Phase II. In the Endogenous Grouping treatment,

however, those subjects whose behavior selected them into the high group, cooperated at a rate of 27% in

Phase II. We can reject that these proportions are equal using a x2 test at a 99% confidence level. Thus,

subjects with a history of being cooperators tended to cooperate more often with others who had been

cooperative.



We can also see from Table 4 that subjects with a history of low cooperation had low

cooperation rates in Phase II, regardless of the treatment condition. The cooperation rates, 7% in the

Random Grouping treatment and 4% in the Endogenous Grouping treatment, are not significantly

different.

Multivariate Analysis

From the discussion above, it is clear that subjects' experiences and expectations about others

experiences influence their decisions in future games. In order to analyze this more dynamic story, and

to more fully investigate the impact of other variables that may affect behavior, we turn to a logit

regression analysis of the data,

Tables 5 and 6 presents results from a logistic model designed for predicting cooperative play, in

Phase I and Phase II respectively. Results are reported separately for each of the grouping treatment

conditions, as well as a pooled analysis allowing for all interaction terms with the grouping treatment.

Coefficient values and corresponding p-values are reported for each variable. Note that by adding the

full set of interaction terms between main affect variables and the grouping treatment variable, the

coefficients on the interaction terms yield estimated differences in the impact of each explanatory

variable across the two grouping treatment conditions.

The dependent variable, 1 if the decision is (B) and 0 if the decision is (A), is regressed on the

following set of variables.

Based on Game Parameters:
CGn - value of normalized cooperators gain in the specific game being played;
Gn — value of normalized greed in the specific game being played;

Based on Decision Environment:
Round - the decision round;
ChoiceOther - choice of the other player in the previous round (1 if cooperative, 0 otherwise);
HistoryOther - The number of cooperative choices by "others" in the same group (Phase II

analysis only)
PhaseIIGroup - 1 if in the "high" cooperators group, 0 otherwise (Phase II analysis only).
Treatment — 1 if the treatment condition is Endogenous Grouping, 0 otherwise.
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Based on Questionnaire:
TypeIndifferent - indifferent to outcomes (R,R) and (T,S), (1 if indifferent, 0 otherwise)
TypeAssurance - prefers outcome (R,R)) to (T,S), (1 if prefer, 0 otherwise);

Based on Physical Characteristics:
Age — age of the subject;

Gender - gender of the subject (1 if female, 0 if male).

Note that the analysis does not contain a variable for Fn. By definition, the sum of Fn, Gn, and

CGn equals 1. This implies there is perfect multicollinearity between the sum of these variables and the

constant term.

Game Parameters and Decision Environment

The "summary observations" reported below focus on the impact observed for variables related

to the game parameters and the decision environment. We follow this section with a discussion of results

as they relate to questionnaire data.

Observation 5. In the Random Treatment grouping, Phase I, the only statistically significant explanatory

variable is CGn, which has a positive effect on cooperation rates. In Phase II of this treatment, in

addition to CGn, we observe a statistically significant positive coefficient for PhaseIIGroup.

Observation 6. In the Endogenous Treatment grouping, Phase I, we observe statistically significant

coefficients for CGn (positive) and Round (negative). In Phase II of this treatment, we observe

statistically significant coefficients for CGn (positive), Round (negative), and PhaseIIGroup (positive).

Together, Observations 5 and 6, along with the results reported in the pooled analysis suggest,

across both treatment conditions, there is consistent evidence that an increase in CGn, when offset by a

decrease in Fn, increases cooperation rates. This is consistent with the observation that in pairs of

bubbles that are aligned vertically (Gn fixed) in Figure 4, the bubble to the left (which represents higher

CGn and lower Fn) is invariably larger. Further, the coefficient on Gn is not significantly different from

zero, implying that the impact on cooperation rates of a change in Gn, offset by an opposing change in

Fn, has no impact on cooperation rates. In Figure 4, this is evident by observing that there is no
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consistent trend in cooperation rates as we move along the diagonal lines on which CGn is held constant.

In addition, the results suggest that the treatment conditions did have an impact on play. Further,

there was evidence that the impact of the group with whom one was matched had a larger impact in the

Endogenous Grouping treatment than the Random Grouping treatment (PhaseIIGroup x Treatment is

statistically significant).

Responses from Questionnaires

As discussed in the introduction, there is evidence from questionnaire responses in earlier studies

that some subjects may view a PD game in pecuniary payoffs as a game of assurance. More specifically,

faced with a set of questions that ask subjects to rank the four outcomes of the game (where their payoff

is the first element of the cell), many subjects respond with a ranking in which the outcome (T,S) is

ranked below the outcome (R,R).

Following the completion of Phase I and Phase II, the subjects in this study were asked to

complete the questionnaire shown in Appendix B. Based on the subject's responses to questions 2 and

3, we classified each subjects as having a ranking over payoffs as (T,S)>(R,R), (T,S)=(R,R), and

(R,R)>(T,S). This led to the creation of two dummy variables for the two conditions, Typelndifferent

and TypeAssurance.

Observation 7. 12 percent of the subjects revealed preferences in which the outcome (R,R) was preferred

to (T,S), a response rate well below that reported in earlier studies.

Observation 8. In neither Phase I nor Phase II is the variable TypeAssurance a statistically significant

predictor of rates of cooperation. Interestingly, Typelndifferent does have a significant positive impact in

Phase II.

The results reported here suggest that the preferences one gleans from questionnaire data of the

type used here may be influenced by the context in which the evaluation is conducted. In this study,

subjects completed the questionnaire after observing play of the game in a repeated situation, in a
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situation in which rates of cooperation were low and declining over time. As reported above, Ahn,

Ostrom, and Walker (1998) found that 44% of subjects revealed the preference ordering (R,R) > (T,S).

In that study, preferences were elicited before subjects observed the play of the person with whom they

were matched in a one-shot game.

The results also suggest that the linkages between such preferences and actual cooperation rates

may be weak at best. Of course, one has to remember that subjects viewing the game as one of assurance

face the difficult task of identifying others who have such preferences and coordinating on the payoff

dominant equilibrium.

From the questionnaire responses, we also investigated the impact of both age and gender on

subject's choices. Our overall conclusion is that neither of the variables had a consistently significant

impact on choice in this setting.

IV. Fixed Matching: Design III

Our initial grouping treatments allowed several insights into how game parameters and history of

play within a repeated decision setting impact cooperation rates. These designs, however, also produced

two somewhat unexpected results. First, the decision setting led to extremely low levels of cooperation,

declining with repetition of the decision environment. Two, responses to survey questions designed to

focus on subject motivation were at odds with those reported in earlier studies and the link to actual

behavior was very weak. We had truly created a setting of distrust.

These two observations led us to consider a fixed matching protocol that is a logical extension of

the Endogenous Group treatment with random matching. In this treatment, all aspects remain the same,

except for the fact that in Phase I, each subject is randomly matched with another subject in round 1, and

subjects remain matched for all further rounds of Phase I. In Phase II, each subject is randomly matched

with another subject in round I chosen from their group (high or low), and those subjects remain
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matched for all remaining rounds of Phase II. As with both of the earlier treatments, the matching

procedure is public information.4 This treatment was designed to reduce the coordination and signaling

problems created with a random matching protocol.

Overall Cooperation Rates

As with our previous grouping treatments, we conducted three experimental trials in this

treatment condition. Figure 5 reports summary observations on the rates of cooperation across decision

rounds, and Figure 6 graphs cooperation rates as they relate to Fn, Gn, and CGn. Table 7 reports

summary rates of cooperation across Phase I and Phase II, as well as statistical analyses on paired game

comparisons.

Observation 9. Although cooperation rates are below 40% on average, there is more cooperation in the

Fixed Match treatment relative to the treatments with random matching. Further, there is less decay in

cooperation rates across rounds and less variation across games with different payoff parameters.

Comparing cooperation rates in Table 7 to Table 4, the evidence supporting observation 9 is

clear. Overall, we observed a 15% cooperation rate in the initial two designs with random matching and

32% in the design with Fixed Matching (x2 = 168.2). The absence of decay in cooperation rates is

evident in Figure 5. The observation that cooperation rates do not seem to depend on Fn, Gn, and CGn is

supported by the failure to reject five of the six null hypotheses in Table 7, and can be seen graphically in

Figure 6 by noting the similarity in the sizes of all six bubbles.

Multivariate Analysis

Table 8 reports results related to a logit analysis of the data from the fixed matching Endogenous

Grouping treatment. Further support for the lack of decay in cooperation rates in this protocol is

provided by the small and insignificant coefficients for the independent variable Round in these

regression results.

Game Parameters and Decision Environment
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Observation 10. In Phase I, the only statistically significant coefficient is CGn, showing a positive

relationship between CGn and cooperation rates. In Phase II, statistically significant positive coefficients

are found for CGn and Phasell Group.

Thus evidence is found in the fixed match protocol that endogenous selection into the high

cooperation group allows subjects in these groups to achieve relatively higher rates of cooperation in

future decision rounds.

Responses from Questionnaire

Observation 11. 33% of the subjects, responding to the questionnaire administered at the end of the

experiment, report a preference ordering of (R,R) > (T,S).

Observation 12. The coefficient on the variable Type Assurance is positive and statistically significant in

the logit analysis for both Phase I and Phase II. Interestingly, Typelndifferent is also significant in Phase

II.

Observation 13. In the logit analysis of Phase II, both age and gender have negative coefficients and are

statistically significant, suggesting decreases in levels of cooperation with increases in age and with

female subjects.

In summary, the multivariate analysis suggests several key differences in behavior that occur

with fixed matching relative to random matching. Fixed matching allows subjects the opportunity to

build reciprocal relationships. Those subjects with an inclination toward coordinating on the payoff

maximizing group outcomes are more successful in achieving such outcomes.

V. Conclusions

A growing debate in the empirical and theoretical literature relates to play in game situations in

which players often make strategy selections that are at odds with theoretical predictions based purely on

selfish motives related to pecuniary payoffs in the games. The theoretical literature has seen an
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explosion of models designed to capture alternative explanations for play, based on normative concepts

such as altruism, fairness, income inequality aversion, etc. Similarly, the experimental literature has seen

an explosion of new studies designed to examine the impact of variations in game parameters

systematically, as well as other dimensions of the decision environment.

We introduced four basic elements related to the structure and linkages within any experimental

game situation that affect behavior: pecuniary benefits, player types, information about player types, and

linkages that occur between players in repeated game situations. The reported experimental evidence was

drawn from decision environments aimed at examining aspects of these elements in the setting of a

repeated PD game.

Our results can be summarized as follows:

• Overall cooperation rates are quite low and decline with repetition, especially in

situations where subjects are rematched randomly across decision rounds.

• Overall cooperation rates increase when subjects are matched with the same individual

within Phase I and Phase II relative to situations where they are randomly rematched each decision

round.

• Rates of cooperation increase as the joint gains from cooperation increase.

• Self-selection into subgroups based on previous play, leads to higher cooperation levels

among subgroups with a history of high cooperation.

• Classifying subjects into "motivation types," based on questionnaire data is sensitive to

the context in which such motivations are elicited.

• Fixed matching of subjects appears to allow subjects with an inclination toward

cooperation, based on responses to survey questions, to achieve outcomes more consistent with such

preferences.

These summary results point to the complicated nature of the linkages between the elements of
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trust and social dilemma settings. Players with inclinations toward cooperation face a complex strategy

selection problem related to responding to the pecuniary payoffs of the game situation, identifying other

players' motivations, and coordinating on payoff dominant outcomes in situations where other's

motivations are deemed to be consistent with their own.
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Notes

The authors would like to thank the American Academy of Arts and Sciences and the National Science
Foundation (Grant #SBR-9319835) for funding support for this project.

1 See Hayashi et al. (1999) for a discussion of the literature related to this view.

2 An alternative explanation might be found in the work of Palfrey and Prisbrey (1997). They specify a
utility function, in the context of voluntary contribution experiments that includes the warm-glow term
and other subjects' payoffs as well as one's own monetary payoff. Also see Bolton and Ochenfels (1997).

3 Berg et al., 1995 investigate the role of social history in a "trust game" where subjects see the history
of play from a previous experimental session in which they did not participate. Thus, we investigate
social history in the sense of a smaller sample, but from the perspective of a more immediate population.

4 Based on our earlier work, Ahn, Ostrom, Schmidt, Shupp, and Walker (1998), a fixed match protocol
is expected to lead to higher levels of cooperation.
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