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ABSTRACT

We report the results of trust dilemmas that are modeled as non-cooperative n-person games

evolving over time. As long as all the n players continue cooperating, their potential payoff

increases exponentially over time. Simultaneously, the temptation to defect increases too. Our

results show that when players can signal their intention to cooperate by sacrificing present

earnings for possible future gain, some exercise this option. By doing so, they succeed in

stopping the slow decline in the mean population cooperation level observed under the typical

decision method that does not allow for signaling.
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STRATEGY ELICITATION IN SYMMETRIC REAL-TIME TRUST DILEMMAS

1. INTRODUCTION : TRUST DILEMMAS

Kramer (2001) gives an example of two researchers who work on a problem of common

interest and decide to enter into a scientific collaboration. This is just one example of an on-

going interaction that includes no special ties of kinship, friendship, or shared customs and

traditions among agents who face the choice whether to trust and cooperate with one another.

Neither researcher knows a great deal about the other, as both have worked mostly alone.

Therefore, information that can reliably be used to assess the trustworthiness of the other is

scant. Both researchers are working on a problem of considerable interest and potential practical

importance requiring the investment of considerable time and effort. They agree to share all

ideas and findings with the aim of writing joint publications or placing claims for a patent.

Furthermore, they assess the prospect for a successful and fruitful collaboration to be promising

because they bring to the table complementary resources, skills, or knowledge. Similar

arrangements are often made by members of work teams within organizations assigned with the

task of solving a specific problem. Here, too, we observe individual team members with

complementary skills and knowledge agreeing to share ideas and findings. As is common in such

collaborative efforts, no formal contracts are signed and no close monitoring is possible.

Cooperative behavior in the on-going collaboration is based on and sustained by trust.

Collaborative efforts sustained by trust often share two characteristics. First, the longer the

collaboration lasts, the higher the value of the joint enterprise. Second, given the importance of

the problem, any member of the team credited with solving the problem alone receives

considerable reputation, fame, or profit. Thus, the cost of misplaced trust increases over time. If
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one of the researchers ÒdefectsÓ from the collaboration she would garner the lionÕs share of the

credit. In collaborative efforts of this type, that are often made by scientists and laboratories in

various fields and work teams within organizations, each party would like the collaboration to

continue as its value keeps increasing while at the same time the motivation of betraying the trust

increases too. VanderKam and Flint (2002) have described such a situation where trust broke

down among scholars assigned the task of studying, interpreting, and publishing their sections of

the Dead Sea Scrolls that had been discovered in several caves in the Judean desert between

1947 and 1956 and distributed among them for analysis and interpretation. The dissolution of

trust resulted in delays in publication of results, considerable friction, and lawsuits.

The Real-Time Trust Game

This class of trust-based cooperation that evolves over time has been called trust dilemmas.

Kramer writes ÒBecause of our dependence on, and independence with, other social decision-

makers, trust dilemmas are an inescapable feature of social and organizational life (2001, p. 10).Ó

Murphy, Rapoport, and Parco (2004a, hereafter MRP) have proposed a model of trust dilemmas

as a non-cooperative n-person game, called the real-time trust game (RTTG). The RTTG is a

generalization of previously used extensive form trust games (McKelvey and Palfrey, 1992;

Rapoport et al., 2003).  The RTTG is defined as follows. There are n players, each having a

continuous strategy space defined over the real-time interval [0, T]. Each player can make at

most a single decision (that we refer to as Òstop the clockÓ) at time t! [0, T]. The game starts at

time t=0 and terminates either when one of the n players (called the ÒwinnerÓ) stops the clock at

some time 0! t<T or when time T is reached with no player stopping the clock. If player i (i=1, 2,

É , n) stops the clock at time t, then her payoff is computed from the payoff function

r i(t) = "  # (2t/$), where $  "  1 and "  > 0. (1)
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The payoff for each of the remaining n-1 players in her group (called ÒlosersÓ) is computed from

r j(t) = % # r i(t), where 0 !  % < 1. (2)

Thus, a losing player receives a fixed proportion % of the winnerÕs payoff.

Because the game is played in real time, no tie is possible if 0<t<T. However, if m players

(1<m! n) stop the clock at exactly t=0, then each is chosen with probability 1/m to receive the

payoff " , and the other m-1 players each receives the payoff % # " . If no player stops the clock

(and the game terminates at t=T), then each of the n players receives a payoff g, which satisfies

the inequality

0 !  g < "  # (2T/$). (3)

Symmetry between players is a desirable property of the RTTG, which is not shared by

corresponding extensive form trust games (McKelvey and Palfrey, 1992; Berg et al., 1995;

Rapoport et al., 2003).  Symmetry is desirable because it more closely mimics what people often

experience as they exercise trust. A rigidly imposed external structure that mandates turn taking

(as is the case with an extensive form game) restricts the scope of applicability of the notion of

trust.

The parameters of the RTTG n, T, " , $, %, and g are all commonly known, as is the functional

form of the payoff function. The parameters "  and $ control the magnitude and rate of increase

of the payoff. The parameter g affects the incentive to let the clock run without stopping it. The

larger is g, the stronger is this incentive. The parameter % serves a similar role. The larger is %,

the stronger is the incentive to let the clock run. If % is large, losers may still derive a large

portion of the winnerÕs payoff r i(t).  To illustrate the game, supposing that T=45, $=5, " =5,

%=0.1, and g=0. Then, for any value of n, each of the n-1 losers receives 10% of the winnerÕs
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payoff, if 0! t<T. If t=T, then the payoff for each player is zero. For example, if t=10, then

equation (1) yields ri(t=10)=5#210/5=20, whereas if t=30, then r i(t=30)=320. The corresponding

payoffs of each of the losers are 2 and 32, respectively. Notice that payoffs for both winners and

losers are increasing exponentially in time. Figure 1 displays the payoff function using the

parameter values above.

--Insert Fig. 1 about here--

Several features of the RTTG warrant brief discussion. First, unlike previous experimental

studies of trust behavior (e.g., Berg et al., 1995; Burnham et al., 2000; GŸth et al., 1993, 1997;

McCabe et al., 1996, 1998), the RTTG is not restricted to dyadic interactions. In fact, it can

accommodate any finite number of players without excessively expanding the extensive form of

the game. This property of the game avails it as an experimental institution for studying the

effect of group size on behavior in trust dilemmas. Second, and also unlike previous

experimental trust studies, the RTTG does not impose asymmetry between the players. For

example, the first mover in the experiment of Berg et al. is supposed to send no money in

equilibrium. Therefore, in equilibrium the second mover has no opportunity to move. Third, the

payoff function (equation 1) of the RTTG can easily be changed to assume any monotonically

increasing function (e.g., strictly concave, linear). The present payoff function and

parameterization has been chosen to allow comparisons with the exponential payoff function that

had been used in previous studies of the centipede game (McKelvey and Palfrey, 1992; Rapoport

et al., 2003). In fact, the centipede game (e.g., Aumann, 1992; Rosenthal, 1981) can be viewed as

a discrete time version of the RTTG with exogenously imposed asymmetry between the players.

Fourth, asymmetry between players can be achieved by conditioning % on the individual player,

conditioning g on the individual player, or both.
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Similarly to the extensive form centipede game, where equilibrium play dictates that the first

mover terminates the game (Òmove downÓ) on her first move, in equilibrium each player in the

RTTG should stop the clock immediately at time t=0. This is the case because r i(t)>%#r i(t+&) as &

'  0 for any 0! %<1. Therefore, for any t, it behooves each player to stop the clock before any of

the other n-1 players. This is a counter-intuitive implication of the equilibrium solution that we

test below.

Elicitation of Strategies

While randomly assigning the N symmetric members of a given population of subjects into

several groups of size n on each round, MRP compared to each other the effect of the loserÕs

proportional share (%=0.1 vs. %=0.5) and group size (n=3 vs. n=7) in an experimental study of the

iterated RTTG. The decision method (as implemented by MRP) recorded only the stopping time

of the winners, one in each group. Losers were not given the opportunity to record their stopping

time because each game terminated on the winnerÕs move. Consequently, no information could

be gathered about their intended moves or their propensities to cooperate. Additionally, the

losers were unable to signal their intentions and thereby possibly change the future behavior of

the other players in the population over iterations of play. When a stage game is iterated over

rounds, and information about the stopping times of all the N players is disclosed at the end of

each round, players can signal credibly, and thereby induce greater trust based cooperation.

However, the decision method as implemented by MRP precluded this opportunity. To overcome

this limitation, the first major purpose of the present study is to examine population-wise trust-

based cooperative behavior in the iterated RTTG under the strategy method, where each of the N

players is provided the opportunity to specify her stopping time independently and anonymously.

Thus, each game requires T seconds with each of the n players registering her stopping time in
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ignorance of what the other players have chosen or will chose on the same round. Only at the

completion of the round are players informed of the decisions of their group members and

consequent outcomes of their decisions.

The strategy method was first proposed by Selten (1967), and later applied in a variety of

contexts (e.g., the repeated PrisonerÕs Dilemma tournament conducted by Axelrod, 1984;

experimental studies of oligopoly by Keser, 1991, and Selten et al., 1997; a two-person study of

bargaining by Kuon, 1994; a public goods game experiment by Keser and Gardner, 1999; and a

study of two-person 3 # 3 games in strategic form recently conducted by Selten et al. 2003).

Mitzkewitz and Nagel (1993), Rapoport and Fuller (1995), and Seale and Rapoport (2000)

compared the decision and strategy methods. As noted by Mitzkewitz and Nagel, observation of

experimental subjectsÕ strategies, rather than the moves that actually occur during the play of the

game, may provide insight into their motivation. These insights may prove important in

constructing descriptive models of behavior that often incorporate assumptions about unobserved

entities like motivation and beliefs of the subjects. However, the strategy method raises some

new issues. Roth (1995) pointed out a potentially important difference between these two

methods of data acquisition. Different cognitive processes may be evoked when players are

asked to submit complete strategies because the strategy method forces them to think about each

information set in a possibly different way than they would think about them as they are actually

played during the course of the game. Given this difference between the two methods, there is no

compelling reason to expect them to yield the same results. Empirical evidence on this issue is

mixed. Seale and Rapoport reported no significant differences between the major results

obtained under both methods in an experimental study of coordination in large groups. In

contrast, Rapoport and Fuller reported small but consistent differences between bid functions
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elicited by the two methods in a study of bilateral bargaining conducted under the sealed-bid

double auction mechanism.

A second major purpose of the present study is to compare to each other stopping times

under the decision and strategy methods. In a previous study conducted under the decision

method, MRP used a random matching design in which N symmetric members of a population of

subjects (N=21) were randomly assigned to equal size groups at the beginning of each round.

Using group sizes of 3 or 7, they reported a breakdown of trust in the population with the median

stopping time (and consequent payoffs to the subjects) steadily decreasing across iterations.

When the RTTG is iterated in time and players are informed of the stopping times of all the N

players, the strategy method provides an opportunity for hard-core cooperators, if they exist, to

credibly signal their intention to cooperate and thereby possibly affect future behavior of the

entire population. Focusing on population learning, Murphy, Rapoport and Parco (2004b) in

another study manipulated the percentage of cooperative software agents (robots) in populations

including both genuine players and software agents who participated in an iterated three-person

centipede game. Their results show that adding a handful of robots programmed to cooperate

increases the propensity of the genuine subjects to cooperate. Based on these results, we

hypothesize that by allowing players to signal their intention to cooperate (manifested by

stopping late), if there are enough of them who wish to do so, the steady downtrend in median

stopping times reported by MRP under the decision method will be slowed down, stopped, or

even reversed.

2. METHOD

Subjects.   One hundred and twenty six subjects participated in six experimental sessions of 21

subjects each. Male and female students, most of them undergraduates, participated in about
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equal proportions. None of the subjects had participated in the earlier study of the RTTG by

MRP that used the decision method. The subjects volunteered to participate in a group decision-

making experiment for payoff contingent on performance. Some of them were induced to

participate by receiving extra class credit for punctual arrival to the experiment. All the subjects

were granted anonymity in their decisions and earnings. Including a $5.00 show-up bonus,

individual payments varied between $15.00 and $41.00 for a two-hour session.

Procedure. All six sessions were conducted at the Economic Science Laboratory at the

University of Arizona. At the beginning of each session, subjects drew chips randomly from a

bag to determine their seat assignment. Subjects were seated at the laboratory that includes 40

networked workstations in separate cubicles. Once seated, they read the instructions for the

RTTG experiment at their own pace. After all the subjects completed reading the instructions,

questions were answered (there were very few inquiries), and the experiment started.

The experiment used a single-factor, two-level design; each of the experimental levels was

independently replicated three times to mitigate differences due to sampling error. The two

conditions, called Minis and Maxis, only differed from each other in their information structure.

In the Maxis condition, recorded times of all N players in the population were publicly reported

at the end of each 45 second round of play. Only the stopping times but not the identities of the

subjects were revealed. The display of the stopping times was arranged by group membership

and within each group ranked ordered from the largest to the smallest value (see Appendix for

the instructions for the Minis condition). In the Minis condition, only the stopping times of the n

members of the playerÕs own group were rendered common knowledge within each group.

Subjects were not informed of the decisions of members of the other groups. In both the Maxis

and Minis conditions, if a player opted not to stop the clock at all (stay out), then ÒNAÓ was
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registered to indicate this decision. Each condition was independently replicated three times with

different groups of subjects.

The parameter values used in both conditions were T=45, n=3, g=0, " =5, $=5, and %=0.1

(same as in Fig. 1). They correspond to the baseline condition in the study conducted by MRP.

Payoffs were measured in US dollars (cents). The stage game was iterated 60 times. The 21

players were randomly divided at the beginning of each round into 7 groups of 3 members each.

Players did not know the identity or history of the other two group members, and thus reputation

effects were not possible. Nevertheless, being informed of the value of N (21) and number of

iterations (60), a player could correctly infer that it was highly likely she would interact with one

or both of her group members on any given round more than once. All the parameter values were

commonly known as was the payoff function and the random matching protocol.

The present procedure replicated the decision method procedure used by MRP with two

major exceptions. First, the RTTG used here did not terminate when one of the n players in the

group (winner) stopped the clock. Rather, each round lasted for 45 seconds, allowing every

subject the opportunity to independently and privately submit her decision. The second

difference is that at the end of each round subjects were shown an additional screen that

displayed information about the chosen stopping times of all N players (Condition Maxis) or

only the n players in oneÕs own group (Condition Minis).

3. RESULTS

Aggregate Results.

Mean individual stopping times were computed for each player across the 60 iterations in

each of the two conditions (n=63 in each condition) and compared to each other by the Mann-

Whitney U test. This test could not reject the null hypothesis that the subjects in the two
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independent conditions were drawn from the same population (p=0.750). Figure 2 displays the

frequencies of stopping time for each experimental session separately. Each frequency

distribution includes 60#7=420 stopping times. Clearly, these stopping times are not

independent. Stopping times in units of 1 second are presented on the horizontal axis, and

frequencies on the vertical axis. With the possible exception of Minis session 1, the histograms

are seen to have the same general shape.

--Insert Figure 2 about here--

Additional analyses show that the median stopping time in the first replication (Minis session

1) was significantly shorter than in the other two replications. This result is mostly attributed to

the direct and indirect effects of a single player (subject 11) who stopped the clock at or near t=0

for the first 9 rounds of play. An informal interrogation of this subject revealed that he

misunderstood the payoff function during the early rounds of the game. The Kruskal-Wallis

(KW) one-way analysis of variance by ranks was also used to compare to one another the three

replications within each condition. Using the subject as the statistical unit of analysis, the KW

test rejected the null hypothesis that the three replications in the Minis condition come from the

same population (p<0.05), however, it could not reject the null hypothesis (p=0.371) for a

similar comparison within the Maxis condition.

Dynamics: Aggregate Results.  Mean individual stopping times computed across all rounds

provide no information about the dynamics of play in the population. To exhibit trends in

stopping time, if any, Fig. 3 exhibits the individual stopping times of all the subjects in the Minis

condition. The results are presented for each session separately. The round number (1-60) is

displayed on the horizontal axis, and the stopping time (rounded up to seconds) on the vertical

axis. A solid circle (¥) indicates that the stopping time was the minimum in the three-person
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group, whereas an ÒxÓ sign (x) that it was not. Each column in each of the three panels of Fig. 3

should display 7 solid circles and 14 ÒxÓs. To account for the trend in average stopping times

across rounds, a fourth-order least squares function was fitted to the median winning stopping

times on each round.

--Insert Fig. 3 about here--

Inspection of Fig. 3 shows considerable variability in stopping times. With the exception of

Minis session 1, we observe very few stopping times below 15 seconds. As pointed out earlier,

all the nine stopping times near zero in Minis session 1 are due to a single subject who realized

his error after nine rounds. The percentage of stopping times that are equal to or larger than 40

seconds is substantial (8.0, 17.2, and 20.0 in Minis sessions 1, 2, and 3, respectively). With very

few exceptions, no winning stopping times were recorded at or above 40 seconds. The variability

in stopping times does not seem to diminish across rounds. The medians of the winning stopping

times clearly decrease across the first 10-15 rounds. But after about round 15 there is no strong

evidence for the steady downward trend reported by MRP.

Using the same format as Fig. 3, Fig. 4 exhibits the individual stopping times for the three

sessions in the Maxis condition. All three replications show the same type of variability as in Fig.

3. In particular, note the relatively large number of stopping times at t>40. Similarly to Fig. 3, the

medians of the stopping times decrease across the first 10-15 rounds in all three sessions. But

after round 15 or so, the medians in Maxis session 1 are more or less flat, whereas the ones in

Maxis session 2 continue to slightly decline. Of particular interest are the results in Maxis

session 3 that exhibit very different population dynamics. In this session, there was the usual

decrease in the medians of the winning stopping times followed by an upward surge of

cooperation. Between rounds 30 and 40, over half of the subjects in this session were waiting at
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least 35 seconds before stopping the clock. Many of these subjects were, in fact, waiting at least

43 seconds, sending a costly, strong, and unambiguous signal of cooperative intentions.

However, this rally was short-lived, ending by about round 45. Afterwards, there was a dramatic

downtrend, not observed in all other Minis or Maxis sessions, with most of the winners stopping

in less than 20 seconds with a median of 7 seconds on the last trial (that translates to a meager

mean payoff of 14 cents for the winner). We interpret this pattern as a failure to achieve

widespread cooperation followed by frustration regarding this failure. With the exception of

Maxis session 3, all the replications in both conditions indicate little population level learning

after the first 10-15 rounds.

--Insert Fig. 4 about here--

Dynamics: Individual Results.  Figures 5 and 6 display individual stopping times of all the

subjects in Minis session 2 and Maxis session 2. Individual stopping times for the other four

sessions are similar, do not convey any additional insight into individual differences, and are

therefore not displayed here. Subplots in each figure are ordered by the number of wins (on the

right hand side of the subplot), denoted by w, which can assume any value between 0 and 60.

The subplots are ordered from left to right, with the data of the most aggressive player positioned

in the upper left corner (Subject 13 in Fig. 5 with w=52, and Subject 7 in Fig. 6 with w=48), and

the data of the least aggressive player positioned in the lower right corner (Subject 10 in Fig. 5

with w=4, and Subject 1 in Fig. 6 with w=4). Figures 5 and 6 use the same format as Figs. 3 and

4 with the only exception that a Ò+Ó sign is displayed at the top of the plot, above the

corresponding round, to indicate a decision to stay out.

--Insert Figs. 5 and 6 about here--
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Within her respective population each subject is identified by her subject number (1-21). The

number of rounds won by a particular subject is reported next to the index w on each individualÕs

subplot. In addition to the index number of wins, there are two more indices. The index Ò$Ó is

the amount of money that a subject would have earned across all the 60 rounds (rather than the 6

actual payoff rounds), and the index ÒaÓ is the subjectÕs arithmetic mean stopping time across

rounds. As expected, the values of w and $ are positively and significantly (p<0.01) correlated

(the product moment correlation is 0.493 and 0.928 for Minis session 2 and Maxis session 2,

respectively), whereas the index a is negatively correlated with each of these two measures.

Figures 5 and 6 exhibit considerable differences in the individual stopping profiles. Some

subjects are quite easy to characterize. Several subjects, whom we call hard-core cooperators,

indicated their decision to stop the clock at or after 40 seconds on the majority of the rounds.

These are Subjects 11, 9, 20, and 19 in Fig. 5 and Subjects 14, 10, and 1 in Fig. 6 (bottom panel).

Hard-core cooperators only won on 5-9 rounds. They mostly sacrificed their potential earnings in

an attempt to enhance cooperative behavior in the population. As we show later, they did so with

moderate success. A few subjects behaved in a completely opportunistic manner, using their

earlier experience to estimate the behavior of the population and stopping just in time to win the

round in their respective groups while letting the clock run as long as possible. Subjects 13 and

21 in Fig. 5 and Subjects 7 and 13 in Fig. 6 fall in this category, each winning between 65% and

86.7% of all rounds. These are also the highest paid subjects. But the majority of the subjects

exhibit stopping time profiles that are more difficult to characterize. Note, for example, Subject 9

in Fig. 6, who after moderately cooperating for the first 30 rounds or so opted to stay out on 9

consecutive rounds presumably in an attempt to signal his cooperative intent. When his signals

did not have the desired effect, at least in his estimation, this subject stopped the clock around 30
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seconds for a few rounds. Then, on the next six rounds he stopped the clock around 0 seconds,

presumably in an attempt to send the message Òif you do not cooperate I can punish everyone in

my group.Ó With this signal again not having the desired effect, Subject 9 resumed his previous

play of stopping the clock around 30 seconds, seemingly abandoning his attempts at signaling.

Comparison of the Decision and Strategy Methods.  Of the three conditions in the study of MRP,

one is directly comparable to the Minis condition. This is Condition n3/%0.1 (hereafter referred to

as the baseline MRP condition) that included two independent sessions and used the same

parameter values as in the Minis condition. The only difference was that each session in MRP

lasted for 90 rather than 60 rounds. The top panel of Fig. 7, the central figure of this paper,

displays all the winning stopping time decisions of the 42 subjects (2 # 21) in the baseline MRP

condition. With seven groups in each session, each column in the top panel displays 14 data

points. The bottom panel of Fig. 7 exhibits all the winning stopping times across the three

replications of the Minis condition. Because it only provides the minimum information about

stopping times within each group, the Minis condition is directly comparable to the baseline

MRP condition. Only winning stopping times are considered to generate two comparable data

sets.

--Insert Fig. 7 about here--

Superimposed on the raw data in each panel is a 4th order polynomial least squares best-fit

line over the median stopping times. Comparison of these two functions allows comparison of

the two methods in terms of the trend in the average stopping time across rounds. We fitted two

additional 4th order least squares best-fit lines to the raw data. The lower line is a 4th order best-fit

function over the 15th percentile of stopping times across groups, and the upper line is a 4th order
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best-fit function over the 85th percentile. These two additional functions are displayed in order to

assess the dispersion in wining stopping times across rounds.

When the strategy method is compared to the decision method there are basically two major

findings, one concerning the trend in average stopping time over rounds and the other the

dispersion of the winning stopping times within a round. Figure 7 shows that average stopping

time in the baseline MRP condition steadily decreased over rounds. Median stopping time in the

top panel started at 33 seconds on round 1 and dropped to 15 seconds on round 90. This

difference of 18 seconds translates to a considerable reduction in the winnerÕs payoff from $4.85

on round 1 to a meager $0.40 on round 90. In contrast, median stopping time for the Minis

condition (bottom panel) started at 31 seconds and dropped to 25 seconds on the final round of

play.1 We do not observe here the breakdown of trust manifested under the decision method.

Rather, median stopping time in the Minis condition did decline in the first 10 rounds or so and

then stabilized around 25 seconds. Mean payoff for the winners in the last round of the Minis

condition ($1.60) was four times as large as the mean payoff of the winners in the baseline MRP

condition. Comparison of the mean payoff for the last 30 rounds in each game by a t-test rejected

the null hypothesis of equality in means (t=6.25, p<0.01).

A second difference between the two data elicitation methods is the dispersion of the winning

stopping time. Figure 7 shows that it was considerably larger in the bottom than top panel. A

comparison of the two panels to each other shows that the strategy method generated more

heterogeneity in the winning stopping times than the decision method for most of the rounds.  In

order to verify this observation, the difference between the 15th and 85th percentile was computed

                                                            
1 It may be argued that the difference between the two methods is mostly due to the difference in total number of
rounds, as the median stopping time in round 60 of the top panel is only slightly smaller than the median for round
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over rounds within each condition. A set of these differences can be regarded as a moving

average of the dispersion of the winning stopping times over rounds. These two sets of

differences (one set from each experimental condition) were compared to each other using a two-

sample t-test.  The null hypothesis of equality of means was rejected (t=-4.91, p<0.01) indicating

significantly more spread in the winning stopping times in the current data than in the baseline

MRP condition.

4.  CONCLUSIONS

By combining two major features--the strategy method and the random assignment of

players to groups on each round--our experiment allows for the study of the evolvement and

dissolution of trust-based cooperation in a population, admittedly of a small size, playing the

iterated RTTG. The random matching design allows for the spread of behavioral norms

regarding stopping times in the entire population, whereas the strategy method (but not the

decision method) allows for credible signaling. Individual players can signal their intention to

cooperate in the future by publicly posting very high stopping times, say t>40, or by deciding to

stay out entirely. Conversely, as some of them occasionally did, they can signal their intention to

punish their group members for not cooperating by posting very low stopping times, say t<5. In

either case, signalers forfeit their payoff for the round in an attempt to change the dynamics in

the population and induce more cooperation on future rounds. Because of the conjunction of a

relatively large value of population to group ratio, N/n, and random assignment of population

members to groups on each round, the effects of signaling were greatly reduced. Indeed, our

results (comparison of the Minis and Maxis conditions) show that the effects of signaling within

a group did not differ significantly from the effects of signaling within the population. We

                                                                                                                                                                                                   
60 in the bottom panel. However, we have no reason to suspect that the results under the strategy method would
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hypothesize stronger effects of signaling, and consequently higher levels of cooperation, if the

population to group ratio N/n is set at a lower level or the random matching is replaced by a fixed

group design.

The experimental results provide evidence for effective signaling under the strategy method.

Figures 3 and 4 show relatively high percentage of stopping times at or above 40 seconds that

were not observed under the decision method after the first 5-10 rounds (top panel of Fig. 7). A

large percentage of these decisions are attributed to a relatively small subset of subjects (see

Figs. 5 and 6), who are willing to sacrifice their present earnings in an attempt to change the

population behavior on later rounds and, consequently, increase their own payoffs. Our results

suggest that these efforts were moderately successful in stopping, though not reversing, the

downtrend in the median stopping time after the first 10-15 rounds and stabilizing behavior for

the rest of the session. These results are consistent with those reported by Murphy et al. (2004b),

who reported that when the proportion of software agents, in a mixed population of humans and

robots, who are programmed to cooperate unconditionally on 95% of the rounds was increased,

subjects in all-human groups also increased their level of cooperation. They are also consistent

with the theoretical results reported by Gintis (2000) in population biology showing that a small

number of what he calls Òstrong cooperators,Ó who punish defectors without regard for future

reward, can dramatically improve the survival chances of human groups.

                                                                                                                                                                                                   
have been different if it were to be played for 30 more rounds.
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APPENDIX: INSTRUCTIONS TO SUBJECTS

This experiment has been designed to study decision-making behavior in small groups. The
instructions for the experiment are simple. If you follow them carefully and make good
decisions, you may earn a considerable amount of money. The participants may earn different
amounts of money in this experiment because each participantÕs earnings are based partly on
his/her decisions and partly on the decisions of the other group members. The money you earn
will be paid to you in cash at the end of the experiment. Therefore, it is important that you try
doing your best. A research foundation has contributed the money in order to study group
decision-making.

In case you have any questions after reading these instructions, please raise your hand and the
supervisor will come to you and answer them.

Description of the task

You will play 60 periods that have the same structure. At the beginning of each period, the
computer will randomly divide all the players in the laboratory into separate groups of three
players each. Thus, on each period you will be randomly matched with two other players whose
identity will not be disclosed to you. On the next round you will be randomly matched with two
other players, and so on. Group composition will change randomly from period to period.

During each period, a clock on your computer screen will run from 0 to 45 seconds. As the clock
progresses, a pot of money will increase in size. If a player chooses to stop the clock, and is the
first to do so in his group, he will receive the amount of money equal to the value of the pot.
Each of the other two group members (those who did not stop the clock) will receive one-tenth
(i.e., 10%) of the value of the pot. The longer the clock is allowed to run without being stopped,
the larger the value of the pot, and the more money everybody earns. However, if no one stops
the clock within 45 seconds, all the players in the group will earn nothing.

Playing the game

Once all the players in the laboratory have indicated that they are ready to begin the game, a
solid aqua-colored screen will appear on the monitor for 3 seconds to let you know that the
period is about to begin. Then, you will see the main screen with the clock and payoff pot (see
the example on the last page). Along the sides of the screen you will observe indicator lights.
The red lights will begin to flash followed by a series of four yellow lights and a solid green
light. Once the green light appears, the clock will start. The moment the clock starts, the mouse
pointer will be moved to the center of a small white box in the middle of a red target. To stop the
clock, all you need to do is simply move with your finger the mouse pointer OUTSIDE of the
white box. (We use this method to avoid the ÔclickingÕ sound of the mouse. By maintaining
silence during the experiment, each playerÕs decisions are kept completely confidential.) You
will be given a chance to practice this method during the demo phase.

As mentioned earlier, each period will last exactly 45 seconds. If you happen to be the first in
your group to stop the clock during the period, you will earn the corresponding value of the pot.
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If another member of your group stops the clock before you, you will earn only 10% of whatever
he/she earned. You will be informed of your payoff and the stopping times of all the players in
all the groups after the period is completed.

During the period you will see a graph in the middle of the screen that plots the potÕs value (y-
axis) against the elapsed time (x-axis). Notice that the pot of money grows very slowly at first
and then progressively accelerates. The table below illustrates the value of the pot in 5-second
intervals up to 40 seconds and then in 1-second intervals from 40 to 45 seconds.

In summary, you will participate in 60 periods all having the same structure. The only difference
between the periods is the composition of your group. The computer will randomly shuffle
people in and out of different groups between periods. However, groups will always include
three players.

All of your decisions are anonymous. Communication between players is strictly forbidden
during the duration of the entire experiment. If you wish, you may review your entire payoff
history between periods. To do so, click the button labeled ÒHistoryÓ that is visible at the end of
each period. At the end of each period, you will receive information about the decisions of all the
players in the laboratory, who are divided into groups playing the same game as you do.

Payment at the end of the experiment

The computer already has randomly selected 6 out of the 60 periods on which your payment will
be based. At the end of the experiment, the computer will inform you which of the 60 periods
were chosen as payment trials.  Further, the computer will calculate your total earnings. You will
be paid in cash for your earnings on these 6 randomly selected periods.

Getting started

Once you have completed reading the instructions, please click on the ÒEnter ExperimentÓ button
in the middle of your computer screen. You will then be shown a demonstration of how you can
stop the clock by simply moving the mouse. You may repeat the demonstration as many times as
you like until you feel comfortable with the procedure. Once you complete the demonstration,
click on the ÒIÕm ready to start playingÓ button. Once everyone has clicked on his/her ÒIÕm ready
to start playingÓ button, the experiment will begin.
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The example display above shows what would happen if you were the first to stop the clock at
22.45 seconds. In this example, you would have earned $1.12 whereas the two other players in
your group would each earn $0.11.
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Figure 1.  Payoff function for the RTTG
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Figure 2.  Distributions of stopping times by condition and session



Figure 3.  Stopping decisions over rounds in the Minis condition
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Figure 4.  Stopping decisions over rounds in the Maxis condition
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Figure 5.  Individual plots of all the players in condition Minis session 2
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Figure 6.  Individual plots of all the players in condition Maxis session 2
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Figure 7.  Comparison of trends in stopping times in the baseline MRP condition and the three
Minis conditions


