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Abstract:

We report cyclic rises and falls of the group cooperation rate in a social dilemma experiment with intergroup
mobility. How do the group cooperation rate and the group size affect each other? Olson argues negative
effects of the group size on cooperative behavior. Yet the counter effect of cooperation on the group size is yet
to be fully examined. For this purpose, we conduct a social dilemma experiment with intergroup mobility (with
170 participants in ten sessions). We analyze data at the macro group level. (i) We observe the positive effect
of the group cooperation rate on the group size. (ii) This leads to the cyclic rises and falls of the group

cooperation rate. (iii) Intergroup mobility accelerates the cycle.
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1. Introduction

1.1 Cooperation and Group Size

Olson (1955) theoretically argues that as the group size increases, we can expect fewer participants.
This negative effect of the group size on cooperation has been empirically supported, both in
laboratory experiments and field surveys (Kollock 1998).

Such situation has been conceptualized as “the free-rider problem.” It occurs in groups or even
in structured organizations, such as shirking in workplaces, not donating, tax evasion, and
environmental pollution. Those people are called “free-riders.”

However, the counter effect of cooperation on the group size is yet to be fully investigated. If
we leave it unsolved, we may fail to understand the causal mechanism of the free-rider problem.
Ehrhart and Keser (1999) is the only exception. Still, they controlled no condition, so we cannot

estimate the exact effect. Therefore, we investigate the following research question.

Research question. How the group cooperation rate and the group size affect each other in social
dilemmas? Especially how does the group cooperation affect the group size when mobility costs

vary?

We extend Ehrhart and Keser’s experimental design by adding various mobility costs. We

conduct a laboratory experiment because our research question requires well-manipulated design,
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which cannot be expected in field surveys.

1.2 Literature

The free-rider problem is generalized to “social dilemmas.” Social dilemmas depict conflict between
individual rationality and collective efficiency. In a social dilemma, rational persons would free-ride
on others’ contributions rather than contribute. Yet if many people free-ride, serious dissonance will
result.

Dawes (1980) gave a formal definition of social dilemmas. In a social dilemma, persons have
options of “cooperation” (voluntary contribution to the group) and “defection” (noncontribution).

1. Defection always provides higher payoff than cooperates.
2. Butif everyone defects, they receive less payoff than if everyone cooperates.
Payoff is measured in an objective, material scale.

In the literature, social dilemmas have been studied mostly without mobility. However, as
Hirschman (1970) correctly points out, we often have options to “exit” from a group in the real world.
This holds true especially in modern societies.

Tiebout (1956) predicted that if people are fully mobile, cooperation will be promoted. This is
because cooperators can gather in cooperative groups. Orbell and Dawes (1993) showed that in a
two-player social dilemma experiment with intergroup mobility, cooperation increases. This happens
since cooperators are more likely to expect that their partners are also cooperators. Yamagishi et al
(1994) supported it in computer simulations.

Based on these work, Ehrhart and Keser (1999) reported a cyclic process of the group
cooperation rate. They focus on the size and the average cooperation rate of groups. As the group
size increases, the group cooperation rate falls. Then, the group size decreases, which leads to the rise
of the group cooperation rate. We retest these results under various conditions.

In Section 2, we raise hypotheses. To test them, we design a laboratory experiment in Section 3.
In Section 4, we report results. Implications and future directions will be discussed in the final

section.

2. Method

2.1 Experimental Design
To test these hypotheses, we conduct a laboratory experiment. We use a similar experimental design
to Ehrhart and Keser (1999), with some differences (see Table 1). The crucial difference is that three

levels of mobility costs are compared: “high,” “low,” and “no” mobility costs.

Sessions and Participants: Ten sessions in three Japanese universities in or near Tokyo. In
December 2003 and in June 2004. 17 participants in a session, with 170 participants in total.
Participants are undergraduate students. The experiment is announced in classes and by

advertisements on campus. There is no experienced participant, nor any deception.
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Table 1. Differences of Experimental Design

Ehrhart and Keser (1999) This Paper
Conditions No condition Three mobility costs
Sessions 9 with 90 participants 10 with 170 participants
Rounds and Exit Options 30, can create new group 10, cannot create
Stages 30 50
Initial State 3 groups, each with 3 participants 4 groups, each with 4 or 5
participants
Investment 10 units (dividable) 20 yens (undividable)
Marginal Rate of Return 0.33t0 0.7 0.12to 1
Mobility Costs 5 units 0, 20, 50 yens

Conditions: High mobility costs in four sessions, low mobility costs in four sessions, and no mobility

costs in two sessions.

Procedure: 90 minutes per session. (i) Seats are assigned to participants by a lottery. In a large room
with no partition. (ii) Instruction by the experimenter and the pre-experiment questionnaire (30
minutes). (iii) The experiment. Participants are randomly assigned to groups by computer.
Participants are connected by a local area network on computer. Decisions are made anonymously.
They make decisions by clicking mousses on laptop computers (40 minutes). (iv) The

post-experiment questionnaire and debriefing (20 minutes). (v) Rewards are given.

Rewards: Participants receive monetary rewards (in yen), which is exactly how much payoff they
earned in the session. They know this. Still, they receive 1,000 yens as a minimum reward. They are

unaware of this adjustment. The average reward is 1244.8 yens (100 yens is about a U.S. dollar).

Instruction: An instruction handout is distributed. Participants keep it through a session. The
experimenter explains the experiment by reading the instruction. After that, participants are asked to

answer two confirmation tests. Solutions are provided.

2.2 Session

In a session, participants play a social dilemma game with intergroup mobility in four groups. A
session consists of two levels:

1. In a stage, participants play a social dilemma game.

2. Inaround, they repeat five stages and then have an option to exit.

3. In a session, participants play 50 stages in /0 rounds.
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2.3 Social Dilemma Game in a Stage

In each stage, participants receive 20 yens as a resource. They decide whether to “provide” it to a
group as investment (cooperation) or to keep it (defection). The investment is multiplied. Then, it is
distributed equally to all the group members. Following Dawes’ (1980) formulation, payoff functions

are supposed to be linear (i.e., proportional to the number of providers).
Payoff functions: The rate of return depends on the group size. In single-player groups, the return is
equal to the investment. This is because there is no “social” dilemma here.
u(C, m, 1)=u(D, m, 1)=20 for any m,
where u(C) denotes the payoff of providing 20 yens when there are m providers in the group (except

the participant). Similarly, u(D) means that of keeping 20 yens.

In two-player groups, the investment is multiplied by 1.5.

u(C,m,2)=30"=15m, w(D, m,2)=30"+20=15m + 20.
2 2

In multiple-player groups, the investment is multiplied by 2.

w(C,m,m) =402, u(D, m, n) =40 + 20,
n n

where n is the group size (see the graph with 4 participants).
Note that these payoff functions satisfy the conditions of social dilemmas (except that in

one-person groups),

A
Payoff of Not Providing u(D, m, 4) = 10 m + 20

Payoff / Payoff of Providing u(C, m, 4) = 10 m

»
|

Number of Cooperators (except the participant) m

Information: In each stage, a participant sees the following information on the computer display.
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1. number of providers in the group in the stage;
2. her decisions and payoffs in the round;
3. each group size, each group’s average payoffs in the current stage, and those in the current

round.

2.4 Exit Option in a Round

After five stages, participants are simultaneously offered the exit option. Participants decide which
group to play the next round. They can stay at the same group. If another group is chosen,
participants pay 20 yens in the “low” mobility costs condition. They pay 50 yens in the “high”

mobility costs condition. It is free to move in the “no” mobility costs condition.

u(E)=-50, u(S)=0 in high mobility costs condition,
w(E)=-20, u(S)=0 in low mobility costs condition,

u(E) = u(S) = 0 in no mobility costs condition,

where u(E) expresses the payoff of exiting and u(S) does that of staying.

Information: After a round, participants are provided with the following information.
1. the payoff she earned in the round;

2. each group’s average payoffs in each stage and the size;

3. each group’s average payoffs in the current round;

In sum, a participant earns payoffs in a session as
50 9 r
Zu’(a’,m’,n’)JrZu b))
t=1 T=1

where a’ = C, D (cooperation or defection in stages) and b” = E, S (exit or stay in rounds).
3. Hypotheses

3.1 Effects of Group Size on Group Cooperation
In such a social dilemma, game theory predicts that cooperation declines as the group size increases.

This is because the marginal (per capital) rate of return decreases in bigger groups as follows.
u(C,m=+1,2)—u(C,m,2)=15,

W(C,om+1,m) —u(C,om,n)= 39 ifn>3.
n

Hypothesis 1 (Size on Cooperation). The bigger the group size is, the lower the group cooperation

rate will be. Conversely, the smaller the group size is, the higher the group cooperation rate will be.

3.2 Effects of Group Cooperation on Group Size
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Table 2. Descriptive Statistics of Sessions

Condition Group Group Mobility

Session  (Mobility Un%v- Year Cooperation Rate Rate Payoffs
Costs) ersity Mean S.D. Mean S.D. Mean S.D.
1 50 yens A 04 0349 0209 0.203 0.180 1236.5 171.9
2 50 yens A 04 0360 0.184  0.203 0.116 1228.2 113.8
3 50 yens B 03 0256 0.181 0.209  0.201 1145.0 181.7
4 50 yens C 03 0268 0178 0.131 0.116 1203.9 142.4
5 20 yens A 04 0295 0.161 0.327  0.145 1217.1 111.8
6 20 yens A 04 0296  0.207 0.216 0.210 1223.7 102.5
7 20 yens A 03 0395 0224 0.281 0.162 1331.8 199.3
8 20 yens B 03 0286 0.163 0268 0.166 1218.8 88.1
9 0 yen A 04 0288 0.231 0.693  0.181 1261.8 100.1
10 0 yen A 04 0416 0.186  0.654 0.178 1381.2 138.3
0.3 0.3
Total 37 18 1265.5

Unit is individuals.

What happens then? Once the group cooperation rate declines, rational actors would leave the group.

Hypothesis 2 (Cooperation on Size). The lower the group cooperation rate is, the smaller the group
size will be in the next round. Conversely, the higher the group cooperation rate is, the bigger the

group size will be in the next round.

Thus, we expect a cyclic process of the group size and the group cooperation rate.

Group Cooperation

\

Group Size

3.3 Effects of Mobility Costs
Ehrhart and Keser (1999) already showed this process. So, we add the following hypothesis.

Hypothesis 3 (Mobility Costs). As mobility costs decrease, the cyclic process will be accelerated.

This is because players can move more easily if mobility costs lower.

4. Results
4.1 Descriptive Statistics

Descriptive statistics are provided in Tables 2 and 3. We are interested in mutual effects of the group

size and the group cooperation rate. So, the unit of analysis hereafter should be “the group in the
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Table 3. Descriptive Statistics of Conditions

Conditions (Mobility Costs)
50 Yens 20 Yens 0 Yens

Correlations Correlations Correlations

N Mean 1 2 N Mean 1 2 N Mean 1 2

1. Current Group

. 160 0.34 160 0.36 80 0.40
Cooperation
Z;S?Z‘;”emeup 160 425 —0.32 160 425 —0.38 80 425 —0.30

3. Previous Group 100 034 046 001 144 036 0.04 016 72 040 —0.13 039
Cooperation

Unit is group in round.

Table 4. Test Result of Hypothesis 1.

Conditions (Mobility Costs)

50 Yens 20 Yens 0 Yen
Round .00 (.01) .00 (.01) -.02(.01)
Current Group Size —.04 (.01) #**x* —.05 (.01) *=*=* —.03(.01)*
Previous Group Cooperation A7 ((07) *** 11 (.08) —.04(.13)
R 323 160 113

N=360. "p<.10, *p<.05, ** p<.01, ***p<.001. Unit is group in round.
Unstandardized coefficients and standard errors.
Dependent variable = Current group cooperation.

round” (with five stages and one exit option).
The sample size is 4 groups x 10 stages x 10 sessions = 400. If we use variables “in the previous
round,” the sample size becomes 360 (4 groups x 1 stage x 10 sessions = 40 is subtracted for the first

stage).

4.2 Effects of Group Size on Group Cooperation

In Hypothesis 1, the dependent variable is “the average group cooperation rate in the current round.”
The independent variable is “the current group size.” We control for the order of the round (1 to 9)
and the average group cooperation rate in the previous round. With these variables, we test the

hypothesis by a regression equation:
Current Cooperation = o + 1 Round + f, Current Size + ;3 Previous Cooperation.

Test results are shown in Table 4. In each condition, the current group size has significant

negative effects on the current group cooperation rate. This verifies the first hypothesis.

Result 1. The bigger the group size is, the lower the group cooperation rate is.

4.3 Effects of Group Cooperation on Group Size
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Table 5. Test Result of Hypothesis 2.

Conditions (Mobility Costs)

50 Yens 20 Yens 0 Yen
Round .00 (.04) —-.01 (.05) .07 (.10)
Previous Group Cooperation 2.12 (44) *** 3.11 (57) *** 4.83 (1.08) ***
Previous Group Size 83 (L06) *** 65 ((07) *** 36 (1) **
R 596 374 265

N=360. "p<.10, ¥p<.05, ** p<.01, ***p<.001. Unit is group in round.
Unstandardized coefficients and standard errors.
Dependent variable = Current Group Size.

In Hypothesis 2, the dependent variable is “the current group size.” The independent variable is “the
average group cooperation rate in the previous round.” We control for the order of the round and the

group size in the previous round. The hypothesis is tested by a regression equation:
Current Size = a + f, Round + £, Previous Cooperation + 5 Previous Size.

Test results are shown in Table 5. In each condition, the previous group cooperation rate has

significant positive effects on the current group size. This verifies the second hypothesis.

Result 2. The lower the group cooperation rate is, the smaller the group size is in the next round.

4.4 Effects of Mobility Costs on Cycle

By combining these results, we observe cyclic rises and falls of the group cooperation rate. As the
group expands, the group cooperation rate falls. As a result, the group shrinks, which on the other
hand raise the group cooperation rate.

How is this cycle affected by mobility costs? To test Hypothesis 3, compare regression
coefficients. Even as mobility costs increase, the effects of “the current group size” on “the current
group cooperation rate” have no trend (the coefficients are —.04 to —.05 to —.03, see Table 4). This
makes sense because once the group size is fixed, the group cooperation rate cannot be affected by
intergroup mobility.

On the other hand, the effects of “ the previous group cooperation” on “the current group size”
monotonically increase (2.12 to 3.11 to 4.83, see Table 5). This is a result of increasing intergroup
mobility.

Therefore, Hypothesis 3 is roughly supported. Still, differences are not statistically significant

(by testing differences of two independent groups).

Result 3. As mobility costs decrease, the cyclic process is accelerated. Still, this trend is not

statistically significant.

5. Conclusion
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5.1 Summary
We examined how the group cooperation rate and the group size affect each other. Following Ehrhart
and Keser (1999), we conducted a social dilemma experiment with intergroup mobility. Unlike them,
we compared three mobility costs.

By analyzing the data at the group level, we reported the following findings.
(1) The group size decreases the group cooperation rate (Result 1). This is rather trivial because the
per capita marginal rate of return decreases as the group size increases.
(i1) The group cooperation rate boosts the group size in the next round (Result 2). This result can
only be attained when intergroup mobility is introduced.
(iii)) Combining these results, we observed cyclic rises and falls of the group cooperation rate.
(iv) These three findings were already reported in Ehrhart and Keser (1999). What is added here is
that intergroup mobility accelerates the cycle (Result 3).

— + —

Group Cooperation

\

Group Size

\

Group Size » Group Cooperation

5.2 Practical Lesson
A practical lesson might be that, to raise cooperation in groups, it would be a useful method to
promote mobility. To keep a high cooperation level, restrain mobility. These could be applied in

business transactions, community development, and social movements.

5.3 Discussion

(i) Micro analyses: We analyzed the data at the “macro” group level. “Micro” individual decisions
are analyzed in another paper (Fujiyama, Kobayashi, Koyama, and Oura 2004). The pre- and
post-experimental questionnaires will provide how individual fairness affects free-riding. Messick
and McClintock (1968) revealed that people sometimes have fair motivations rather than selfish ones.

Kobayashi (2001) argues that if such fairness is well shared, cooperation can be attained.

(i1)) Network formation: This experiment may clarify the process of cooperative network formation.
Marwell and Oliver (1993) show that dense and centralized networks will promote cooperative

decisions. We can examine the reverse causality from cooperative behavior to cooperative networks.

(iii) Survey: Our experimental findings can be supplemented by field surveys on free-riding. March
and Simon (1958) argues that workers make two decisions: to participate or exit and to contribute or
not. We conducted a survey on workers. The survey focuses on the effect of mobility, yet such
effects have been unclear in previous surveys (i.e., Ostrom 1990 on communities and Takahashi 2001

on workplaces).
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Appendix: Group Size and Group Cooperation Rate in Sessions
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Decisions on the Exit

—Micro Analyses of a Social Dilemma Experiment with
Intergroup Mobility 1—
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Abstract:

Using experimental data from a series of social dilemma experiments, we examine the differences in the exit
behaviors between cooperators and non-cooperators. Our results indicate that cooperators have a higher
probability for an exit choice than non-cooperators. Non-cooperators, on the other hand, are more sensitive to

the surrounding cooperation rate in their group.

Keywords: exit, decision-making, social dilemmas, mobility, experiment.

1. Introduction

In modern societies, we enjoy increasing mobility in areas such as job changes, moves and immigration.
On the other hand, there exists the free-riding problem, such as shirking in the workplaces and issues
relating to public peace and order.

Theoretically, there is a relationship between these two phenomena, that is, there is the negative
effect of mobility on cooperation. In situations where there is no mobility, players continue to interact
with each other in their groups or societies. They know that free-riding can brings about harmful effects
on the their future payoff. In situations where there is mobility, however, players can cut relationships
with other members of their group. The more mobility increases, the less the players care about the
harmful effects of free riding. This argument is based on the “folk theorem” of the repeated prisoner
dilemma game.

On the other hand, the positive effect of mobility on cooperation is shown in several papers on the
coordination game (Dieckmann[1999], Bhaskar and Vega-Redondo [2004], Oechssler [1997]). In the
coordination game, there are both a Pareto-efficient equilibrium and a Pareto-inefficient equilibrium. As
the Pareto inefficient equilibrium can have the advantage in risk taking, that is “risk dominance,” the
Pareto inefficient and risk dominant equilibrium is selected under many learning processes (Kandori et al
[1993], Young [1993]). However, if there is a choice to move to another group, the Pareto efficient
equilibrium is selected instead of the inefficient and risk dominant equilibrium. The logic is very simple.
The player in the inefficient group can exit in order to change the action from the inefficient one to the

efficient one.
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However, this logic in the coordination game does not apply in the social (or prisoner) dilemma game.
In the coordination game, as all players wish to change for the efficient action, the action of players who
are moving to a group is desirable for players who have been in the group. On the other hand, in the social
(or prisoner) dilemma game, some players try to enjoy free riding by moving to another group. The
cooperative players in the group do not continue to cooperate because of these free riders. The equilibrium
efficiency is therefore affected.

In the social (or prisoner) dilemma game, therefore, it is important for cooperators to continue to exit
from inefficient groups earlier than the non-cooperators (or free riders). In other words, the difference in
moving behaviors between cooperators and non-cooperators is a key factor in achieving cooperation in a
social dilemma situation with mobility.!

We estimate the exiting functions and examine the differences in moving behaviors between
cooperators and non-cooperators using our experimental data.

In Section 2, we outline the experimental design and the data set. Section 3 reports the results and

Section 4 concludes the paper.

2. Research design

2.1 The Experiment
Social Dilemma with Intergroup Mobility

Dawes (1980) gives a formal definition of social dilemmas. In a social dilemma,
1. persons have options of “cooperation” (voluntary contribution to the group) and
“non-cooperation” (non-contribution);
2. mnon-cooperation always provides higher payoff than cooperation
3. Dbutif everyone defects, they receive less payoft than if everyone cooperates.
Payoft is measured in an objective material scale.
We are interested in social dilemmas with intergroup mobility. In the our experiment, we assume:
1. in a stage, participants play a social dilemma game in groups;
2. in around, they repeat five stages and then have an option to move to another group;
3. in a session, they repeat ten rounds.
In total, participants play the social dilemma game for 50 stages with nine chances to exit (Figure 1.).

' Ehrhart and Kaser [1999] reports that the cooperators are on the run from non-cooperators who follow them

around.
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Figure 1: Structure of the Game.

We control mobility costs. Four levels of mobility costs are compared: “high,” “low,” and “zero”
mobility costs and “no mobility” condition.

Sessions: Ten sessions were held in three Japanese universities in or near Tokyo in December 2003 and in
June 2004. In each session, 17 or 16 participants were enrolled, with a total of 234 participants in 14
sessions.

Conditions: (i) 0-yen-moving-cost (4 sessions with 17 participants) (ii) 20-yen-moving-cost (4 sessions
with 17 participants) (iii) 50-yen-moving-cost (4 sessions with 17 participants) (iv) no mobility i.e. no
moving option (4 sessions with 16 participants).

Participants: 234 undergraduate students. The experiment was announced in classes and by
advertisements on campuses. There were no experienced participants, nor was there any deception.

Procedure: (i) Seats were assigned to participants by a lottery in a large room with no partitions. (ii)
Instructions, and a pre-examination questionnaire, were given by the experimenters. (iii) Decisions were
made anonymously. (iv) A post-experiment questionnaire and debriefing were given. (v) Rewards were
given.

Time: 90 minutes per session. 30 minutes for the instruction and the pre-experimental questionnaire. 40
minutes for the experiment. 20 minutes for the post-experimental questionnaire and debriefing.

Rewards. Participants knew that they would receive a monetary reward (in yen), which would be exactly
equal to the payoff they earned in their session. However, they did not know that they would receive a
1,000 yen as a minimum reward, regardless of their earnings. The average reward was 1287.1 yen, with
the standard deviation of 190.1 yen (a 100 yen was about one U.S. dollar at the time of the experiment).

Equipment: Participants were connected by computers on a local area network. They made decisions by
clicking their mouse on a laptop computer.

Instructions: An instruction handout was distributed. Participants kept it through out the session. The
experimenter explained the experiment by reading the instructions. Participants were then asked to
complete two confirmation tests, in order to check they had understood the instructions. Solutions were
provided.
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Matching: Participants were randomly assigned to groups by computer. Each group had four or five
participants at the beginning.

Social Dilemma Game in a Stage

In a session, participants played social dilemma games with intergroup mobility in four groups. The game
consisted of two levels:

1. In each stage, participants played a social dilemma game.

2. Inaround, they repeated five stages and then had an option to exit.
Participants played 50 stages in nine rounds.

In each stage, participants received 20 yen as a resource. They decided whether to “provide” it to

their group as an investment (cooperation), or to keep it (non-cooperation). The investment was multiplied
by 2 or 1.5, depending on their group size. It was then distributed equally to all the group members.

Payoff functions: The rate of return depended on the group size. In single-player groups, the return was
equal to the investment. This was because there was no “social” dilemma:

u(C) = u(N) = 20,
where u(C) denotes the payoff of providing 20 yen, while u(N) means keeping 20 yen.

In two-player groups, the investment was multiplied by 1.5:
m m
u(C) = 303= 15m, u(N) = 3OE+ 20=15m + 20,

where there were m providers in the group.

In multiple-player groups, the investment was multiplied by 2:
m m
u(C)=40—, u(N) =40— + 20,
n n

where n was the group size (see the graph for 4 participants).
Note that these payoff functions satisfy the conditions of social dilemmas except that for one-person
groups (Figure 2).

Payoff  Payoff of Non-cooperation u(N) = 10 m + 20
A

Payoff of Cooperation u(C) = 10

» Cooperators m

Figure 2: Social Dilemmas

Information: Participants made decisions anonymously. In each stage, a participant saw the following
information on the computer display:

1. The number of providers in the group in the stage;

2. His/her decisions and payoffs in the round;

3. Each group’s size, each group’s average payoffs in the current stage and each group’s average
payoffs in the current round.
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Exit Options/Pauses in a Round

Exit option: After five stages, participants were simultaneously offered an exit option. Participants
decided which group to join in the next round. They could decide to stay in the same group. If another
group was chosen, participants paid 20 yen costs in the “low” mobility costs condition, 50 yen in the
“high” mobility costs condition and no cost for moving in the “no” mobility costs condition:

u(E) =— 50, u(S) = 0 in high mobility costs condition,
u(E) =-20, u(S) = 0 in low mobility costs condition,
u(E) = u(S) = 0 in no mobility costs condition,

where u(E) expresses the payoff for exiting, and u(S) for staying.

Pause: In the “no mobility” condition, participants make a pause for a minute. During this time, they see
the same information as shown in other conditions.

u(S)=0.

Information: In any condition, after a round participants were provided with information on:
1. The payoff he/she earned in that round;
2. Each group’s average payoffs in each stage and the sizes of the groups;
3. Each group’s average payoffs in the current round;

In summary, a participant earned payoffs in a session as follows:
50 9
D@+ u’ (b),
t=1 T=1

where a = C, N (cooperation or non-cooperation in stages), and b = E, S (exiting or staying in a round).

2.2 Data and Estimation

Data

A player has nine chances to exit from a group in a session. There are ten sessions in which 17
participants are included. The sample size is 1,530 (= 9 chances X 17 participants X 10 sessions). We
construct an “exit variable,” that is, if a participant exits from a group then the value is 1, otherwise, it is
0. That is, this variable is a binary.

The degree of individual cooperation is represented by the “individual cooperation rate,” which is
the ratio of cooperation in all 50 decisions. This measure is not concerned with attitudes, but with
behaviors.

In order to investigate whether there is a difference in exit behaviors between cooperators and
non-cooperators, we estimate the relationship between decisions on exit and “individual cooperation
rates.” We assume that the “exit variable” is a dependent variable, and that the “individual cooperation
rate” is an explanatory variable. As the “exit” is not a direct significant factor that affects the “individual
cooperation rate” in this experiment (Fujiyama et al [2005]), we assume this relationship.

In order to control the environment, we consider several control factors. The first control factor is
one in which participants are pushed to another group. For this factor, we have a “group surrounding
cooperation rate,” which is the group’s average cooperation rate excluding the concerned participant in

that round. For example, there are four participants in a group, and the cooperation rate of Participant 1 is
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0.4; the cooperation rate of Participant 2 is 0.6; the cooperation rate of Participant 3 is 0.2; and the
cooperation rate of Participant 4 is 0.3. For Participant 2, the “group surrounding cooperation rate” is 0.3
(=(0.4+0.2+0.3)/3). If this value is low, then the participant tends to exit from the group.

The second control factor is one in which participants are pulled from other groups. For this
factor, we have data for payoffs of the other groups in the current round. This information is
interpreted as a simple predicted average payoff for each group, that is, we assume that participants
consider that the payoff in a current round significantly affects the payoff in the next round (Figure
3).2 Though there are more complicated (sophisticated) ways of predicting outcomes, the fact that
participants have no prior experience of playing the game means that they utilize our simple

prediction methods, and these are therefore a reasonable way to analyze the results.

Concerned Participant
Current Round

group A group B group C group D
Realized Payoff Realized Payoff Realized Payoff

A A A

Simple

Simple e
Prediction

Simple € .
Prediction

Prediction

Next Round

) ) O

Figure 3: Simple Prediction

From the point of view of maximizing payoff, the first and second factors mentioned above are the
most important pieces of information. The reason we take the cooperation rate in “push” factor and
payoffs in “pull” factor is as follows: (1) The payoff is determined by the “group surrounding cooperation

rate” and the concerned participant’s cooperation rate. There is therefore, by definition, positive

2 If there is an empty group in a current round, that is, there is no participant in that group, we take 20 yen as the
predicted payoff for that group. This is because, if one participant moves to that empty group in the next round, but
all other participants stay in the same groups, then the participant belongs to the one participant group in the next

round, and the participant’s payoff is, by definition, 20 yen.
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correlation between these two explanatory variables (individual cooperation and individual payoff). (2)
There is no such correlation concerning “pull” factors. In addition, the average payoffs of other groups are
displayed on their computer screens for all participants in the experiment.

The third control factor is the sizes of the other groups, and the dummy variables for the 50-yen-cost
and 0-yen-cost conditions.? We omit the data for the exits from one and two participants groups for two
reasons: the formula for payoffs in one and two participant groups are different and it is not relevant to
treat the “group surrounding cooperation rate” as in other cases. The relationship among variables is

summarized in Figure 4.

0 : Not Exit

O 1 (
1 : Exit < T T lIndividual Cooperation Rate

Constant Term  Control Variables
Push Factor: (Group’s cooperation rate except the player)

Pull Factor: (Other groups’ payoffs : Max/Middle/Min)

Other Factors :  (Other groups’ size : Max/Middle/Min)

(Moving Cost conditions : 50 yen / 0 yen Dummies)

Figure 4: Dependent and Explanatory Variables

Estimations

We consider two estimations. (1) A simple estimation using all data. (2) An estimation in which we divide
data into two categories, that is, high cooperators and low cooperators, to compare estimated parameters.
We arrange the data in order, from high individual cooperation rates to low individual cooperation rates,
and consider that the upper one-third of the data is data for high cooperators, and the lower one-third of
the data is data for low cooperators. As the dependent variable (“the exit variable™) is binary data, we use

the Probit and Logit models to estimate parameters. We consider that there is not serious multicollinearity,

3 As the total number of participants is fixed, we omit, from our analysis, the total number of participants in the
group to which the concerned participant belongs. If we include this variable, there is perfect correlation among the
four variables (the number of participants in the concerned group, plus the numbers of participants in the other three
groups).

4 In one-participant groups, it is impossible to calculate the “group surrounding cooperation rate”. In a
two-participant group, a participant can retaliate against another participant directly. This direct retaliation is
impossible in three-or-more-participant groups. From this point of view, we can consider that games of

two-participants, and three-or-more-participant, are qualitatively different.
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as for the explanatory variables, all correlation coefficients are under 0.3, and all VIFs are under 1.5

generally.d

3. Results

The result of the estimation is shown in Table 1.6

Table 1 : Decision on the Exit

Dependent Variable: Exit Variable

Variables

Coefficients (P-value)

Constant Term
Individual Cooperation Rate

Group Surrounding Cooperation Rate

Other Group’s Payoff (Max)
Other Group’s Payoff (Mid)
Other Group’s Payoff (Min)
Other Group’s Size (Max)
Other Group’s Size (Mid)
Other Group’s Size (Min)
Dummy for 50 yen moving cost
Dummy for 0 yen moving cost

-1.135 (0.028)*
0.513 (0.006)**
-1.442 (0.000)**
0.010 (0.327)
0.036 (0.031)*
-0.026 (0.231)
0.008 (0.793)
0.028 (0.432)
0.024 (0.571)
-0.375 (0.000)**

1.068 (0.000)**

Probit Estimation
LR test (zero slopes) =266.186 (P-value =0.000**)

N=1425, R? =0.183, Fraction of Correct Prediction =0.734.
* Significant at 5 %, ** Significant at 1%.

From this estimation, we obtain the following results:

[Result 1] There is a positive correlation between the “individual cooperation rate” and the probability for

the exit choice.

[Result 2] There is a negative correlation between the “group surrounding cooperation rate” and the

probability for the exit choice.

In order to examine the difference between the higher cooperators and the lower cooperators, we
arrange in descending order all participants in terms of the “individual cooperation rate,” and divide data
into three equal categories. As a result, participants whose “individual cooperation rates” are higher than

0.4 belong to the upper one-third of the data. Participants whose “individual cooperation rates” are lower

5 Among the other group payoffs, we found the correlation coefficients are about 0.5, and VIFs are about (but under)

2. However, these variables are control variables that we does not focus on in our analysis.

6 We have the similar results in the Logit model.
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than 0.2 belong to the lower one-third of the data. We compare upper and lower categories. The LR test
for structural changes of all variables indicates that the null hypothesis, under which there is no difference

between these two categories, is rejected with a level of 1 % significance.

[Result 3] There are significant differences in the exit decision-making processes between the upper
one-third of participants and the lower one-third of participants in terms of the “individual cooperation

rate.”

With dummy variables for the lower one-third of the data, we estimate the difference more concretely.
The result is shown in Table 2.
Table 2 : Difference between high and low cooperators

Dependent Variable: Exit Variable

Variables Coefficients (P-value)

Constant Term (CT) -0.774 (0.386)
Individual Cooperation Rate (ICR) 1.445 (0.009)**
Group Surrounding Cooperation Rate (GSCR) -0.699 (0.035)*
Other Group’s Payoff [Max] (OGPMAX) 0.003 (0.877)
Other Group’s Payoff [Mid] (OGPMID 0.017 (0.565)*
Other Group’s Payoff [Min] (OGPMIN) -0.018 (0.625)
Other Group’s Size [Max] (OGSMAX) -0.028 (0.558)
Other Group’s Size [Mid] (OGSMID) -0.042 (0.468)
Other Group’s Size [Min] (OGMIN) -0.018 (0.805)
Dummy for 50 yen moving cost (D50) -0.400 (0.008)**
Dummy for 0 yen moving cost (DO0) 0.747 (0.000)**
Structural Change Dummy for CT -0.921 (0.505)
Structural Change Dummy for ICR 0.251 (0.834)
Structural Change Dummy for GSCR -1.958 (0.001)**
Structural Change Dummy for OGPMAX 0.001 (0.958)
Structural Change Dummy for OGPMID 0.008 (0.846)
Structural Change Dummy for OGPMIN -0.002 (0.968)
Structural Change Dummy for OGSMAX 0.117 (0.138)
Structural Change Dummy for OGSMID 0.174 (0.064)
Structural Change Dummy for OGSMIN 0.199 (0.070)
Structural Change Dummy for D50 -0.200 (0.366)
Structural Change Dummy for DO 0.462 (0.074)

Probit Estimation
LR test (zero slopes) =184.699 (P-value =0.000**)
N=910, R? =0.194, Fraction of Correct Prediction =0.730.

*Significant at 5 %, ** Significant at 1%.
From this estimation, we have the following result:
[Result 4] The structural change dummy for the “group surrounding cooperation rate” has a significant

and negative coefficient. In other words, the graph for the participants with low “individual cooperation

rates” has a steeper negative slope than that for the participants with a high “individual cooperation rate.”

133



To see the difference more clearly, we show graphs of the probability for the exit choice. In Figure 5,
we substitute the values of the constant term and the “group surrounding cooperation rate” into the

estimated cumulative density function.” In Figure 6, in addition to these values, we also substitute the

average values of explanatory variables into the estimated cumulative density function.

Prob . for Exit

— High Coop .

0.5F g P

Low Coop .
0.4
0.3t
0.2+t
0.1

= GSCR

Figure 5: Probability for Exit (only constant term)

Prob . for Exit
—— High Coop .

N — — Low Coop .

o O o O o
RN w s u

Figure 6: Probability for Exit (all explanatory variables)

4. Conclusion

We investigated factors in the exit decision-making and derived the following conclusions:
First, the surrounding cooperation rate in their group was an important factor for all participants
(Result 2). Cooperators have a higher probability for the exit choice (Result 1, Figure 5, Figure 6). One

reason for this phenomenon is that cooperators have a very high threshold of the surrounding cooperation

7 As we divide the data into two categories, in terms of the “individual cooperation rate,” average values of

“individual cooperation rate” in both categories are included in the constant term.
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rate in their group, so the cooperators tends to exit from groups in general. In other words, the cooperators
ask a high cooperation rate for others as same as themselves, so the cooperator is not satisfied with the
middle (or possibly high) cooperation rate. As a result, the cooperators have high probability for the exit
choice.

Second, there is a significant difference in the exit behavior of the cooperators and in that of the
non-cooperators (Result 3). Non-cooperators are more sensitive to the surrounding cooperation rate in
their group (Result 4). One reason for this phenomenon is that non-cooperators attempt free riding. At the
low surrounding cooperation rate in their group, they exit to other groups because they cannot enjoy free
riding. At the middle or high surrounding cooperation rate, they do not exit to other groups because they
enjoy free riding. In other words, for the non-cooperators, the surrounding cooperation rate in their group
is the primary factor for the exit decision. This is the reason for this sensitivity.

Finally, we can derive a practical lesson from the above conclusions. Cooperators exit from the
groups before the group’s cooperation rates do not decrease so much. After the cooperators exit,
non-cooperators begin to exit. Therefore, in order to achieve the high cooperation rate, it is important to

create a new group and enclose cooperators in early stages.
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Performance of the Exit

—Micro Analyses of a Social Dilemma Experiment with
Intergroup Mobility 2—
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Abstract:

We investigate the results of exit choices on three variables: the group surrounding cooperation rate, the
individual cooperation rate and the individual payoff. As a result of these exit choices, the participants, on
average, succeeded in moving into more cooperative groups. However, the scale of this success was small, and

did not dominate the cost of the exit options, 20 yen or 50 yen.

Keywords: exit, result, social dilemma, mobility, experiment.

1. Introduction

Mobility affects the social dilemma both positively and negatively. The cooperation rate in a group
depends on whether cooperators can select cooperators from all players, or not.

This selection effect is supported indirectly by an experimental analysis (Orbell and Dawes[1993]) .
In their experiment, participants can choose between playing and not playing Prisoner’s Dilemma games.
If this choice exits, then cooperators tend to play the games, and as a result, cooperators tends to meet
with each other.

Fujiyama et al [2005a] shows that there is a significant difference in decision-makings between
cooperators and non-cooperators. Cooperators tend to exit more than non-cooperators. On the other hand,
non-cooperators are more sensitive to the cooperation rates around them. In addition, Fujiyama et al
[2005b] showed that there are significant different intentions of the exit choice between cooperators and
non-cooperators. Non-cooperators tried to move into the groups with higher payoffs. On the other hand,
there is not such a tendency in cooperators. In order to evaluate these behaviors, it is important to estimate
the performance of the exit choice.

We examine the results of the exit on various variables: the group surrounding cooperation rate, the
individual cooperation rate, the individual payoff, and the group size.

In Section 2, we outline the data set. Section 3 reports the results and Section 4 concludes the paper.

2. Research design
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2.1 The Experiment
This subsection is the same as the subsection 2.1 in Fujiyama et al [2005 a], which is included in this

volume. See the corresponding subsection.

2.2 Data and Estimation

Data

A player has nine chances to exit from a group in a session. There are ten sessions in which 17
participants are included. The sample size is 1530(=9 chances X 17 participants X 10sessions). We
construct an “exit variable, ” that is, if a participant exits from a group then the value is 1, otherwise, it is
0. This binary variable is a target explanatory variable.

We consider four different models in which dependent variables differ. In the first model, a
dependent variable is a “group surrounding cooperation rate,” which is a group’s average cooperation
rate excluding the concerned participant in that round. For example, there are four participants in a group
and the cooperation rate of Participant 1 is 0.4; the cooperation rate of Participant 2 is 0.6; the cooperation
rate of Participant 3 is 0.2; and the cooperation rate of Participant 4 is 0.3. For Participant 2, the “group
surrounding cooperation rate” is 0.3(=(0.4+0.2+0.3)/3). In the second model, a dependent variable is an
“individual cooperation rate in a round,” which is a cooperation rate of a concerned participant in a
round. In the third model, a dependent variable is an “individual payoff in a round,” which is the
concerned participant’s average payoff per social dilemma game in a round. In the forth model, a
dependent variable is the “group size” in a round.

In order to control the environment, we consider dummy variables for 50-yen-cost and 0-yen-cost
conditions and a trend dummy variables. The trend dummy variable represents a decreasing in
cooperation rates that is observed generally.® In addition to these variables, as the payoff function is
different; we consider dummy variables for a one-participant group and a two-participant group.

In order to examine the performance of the exit choice, we collect the “exit variable” in a current

round and the dependent and control variables in the next round (Figure 1).

8 This decline in the cooperation is reported in many experiments (Dawes and Tharler [1988]).
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Figure 1: Data

Estimations
We consider four models in which dependent variables differ. In the first model (Model I), the “group
surrounding cooperation rate” is a dependent variable. In this model, we examine whether the exit made
the circumstance better or not. There are seven control variables (the 50-yen-cost dummy, the 0-yen-cost
dummy, the trend, the “group size”, the one-participant group dummy, the two-participant group dummy,
the “individual cooperation rate in a round”). These control variables are divided into three classes. The
50-yen-cost dummy, the 0-yen-cost dummy and the trend are common in session. The “group size”, the
one-participant group and the two-participant group are common in a round and decided before the first
stage in a round. The “individual cooperation rate in a round” is decided in a round endogenously.

In the second model (Model II), the “individual cooperation rate in a round” is a dependent variable.
In this model, we examine whether participants who exit change their cooperative behaviors or not. All
control variables are the same as the control variables in the first model except for “individual cooperation
rate in a round.” The “group surrounding cooperation rate” is included instead of the “individual
cooperation rate in a round.”

In the third model (Model III), the “individual payoff in a round” is a dependent variable. In this
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model, we examine whether the participants who exit improve their payoff or not. This is a direct
estimation on a performance of the exit option. The “individual payoff in a round” is determined by the
“individual cooperation rate in a round” and the “group surrounding cooperation rate.” As it is difficult to
extract changes that are caused by the exit choice from all changes, we omit these two variables. In
addition, we consider an “exit variable” as a proxy variable for these two variables and the coefficient of it
as direct and indirect effects of an exit choice. There are six control variables (50-yen-cost dummy,
0-yen-cost dummy, trend, group size, one-participant group dummy, two-participant group dummy). It is
important to note that in this analysis the “individual payoff in a round” does not include the moving costs,
that is, we use data for the gross payoffs.

In the fourth model (Model IV), the “group size” is a dependent variable. In this model, we examine
an effect of the exit on the “group size.” The “group size” is an important factor in social dilemma game
because it is known that the group size affect the cooperation rates negatively (Olson [1965], Kollock
[1998]), and that the cooperators move to the small size group (Ehrhat and Kaser[1999]). As the “group
size” is determined before the first stage in a round, we cannot use the control variables that is determine
in the round endogenously. Therefore, there are only three control variables (50-yen-cost dummy,
0-yen-cost dummy and trend).

As for explanatory variables, all correlation coefficients are under 0.3 and the VIFs are under 1.5.

Therefore, we consider that there is not a serious multicollinearity.

3. Results

In Model I, we examine the effect of the exit on the “group surrounding cooperation rate.” The result of

the estimation is shown in Table 1.

Table 1: Effect on the “group surrounding cooperation rate”

Dependent Variable: Group Surrounding Cooperation Rate

Variables Coefficients (P-value)

Constant Term 0.405 (0.000)**
Exit Variable 0.028 (0.009)**
Individual Cooperation Rate in a Round 0.242 (0.000)**
Group Size -0.026 (0.000)**
Dummy for 50 yen moving cost -0.007 (0.501)

Dummy for 0 yen moving cost 0.020 (0.140)

Trend -0.007 (0.000)**
Dummy for One Participant Group -0.496 (0.000)**
Dummy for Two Participant Group 0.063 (0.000)**

OLS estimation
F (zero slopes)=72.22 (P-value =0.000*%*)

N=1530, adj- R*=0.271
* Siginificant at 5 %, ** Significant at 1 %.

139



With this estimation, we have a result as follows:

[Result 1] There is a significant positive correlation between the “exit variable” and the “group
surrounding cooperation rate.” We have the data for “group surrounding cooperation rate” after the
decision making on the exit option (Figure 1), we have the result that there is a positive effect of the “exit”

on the “group surrounding cooperation rate.”

As there are interesting results concerning the control variables, we summarize them as follows:

[Result 2] There is a significant positive correlation between the “individual cooperation rate in a round”

and the “group surrounding cooperation rate.”

[Result 3] There is a significant negative correlation between the “’group size” and the “group surrounding
cooperation rate.” The group size is determined before the “surrounding cooperation rate” is determined,

we have the result that there is a negative effect of the “group size” on the “surrounding cooperation rate.”
In Model II, we examine the effect of the exit on the “individual cooperation rate in a round.” The

result of the estimation is shown in Table 2.

Table 2: Effect on the “individual cooperation rate in a round”

Dependent Variable: Individual cooperation rate in a round

Variables Coefficients (P-value)
Constant Term 0.269 (0.000)**
Exit Variable 0.022 (0.151)
Group Surrounding Cooperation Rate 0.497 (0.000)**
Group Size -0.017 (0.000)**
Dummy for 50 yen moving cost -0.006 (0.661)
Dummy for 0 yen moving cost 0.013 (0.502)
Trend -0.047 (0.078)
Dummy for One Participant Group 0.319 (0.000)**
Dummy for Two Participant Group 0.041 (0.217)

OLS estimation

F (zero slopes)=46.98 (P-value =0.000*%*)

N=1530, adj- R*=0.198
* Siginificant at 5 %, ** Significant at 1 %.

With this estimation, we have a result as follows:

[Result 4] There is not a significant correlation between the “exit variable” and the “individual

cooperation rate in a round.”
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As there are interesting results concerning the control variables, we summarize them as follows:

[Result 5] There is a significant positive correlation between the “individual cooperation rate in a round”

and the “individual cooperation rate in a round.”

[Result 6] There is a significant negative correlation between the “group size” and the “individual
cooperation rate in a round.” The group size is determined before the “individual cooperation rate in a
round” is determined, we have the result that there is a negative effect of the “group size” on “individual

cooperation rate in a round.”

In Model III, we examine the direct and indirect effects of the exit on the “individual cooperation rate
in a round” omitting the variables the “group surrounding cooperation rate” and the “individual

cooperation rate in a round.” The result of the estimation is shown in Table 3.

Table 3: Effect on the “individual payoff in a round”
Dependent Variable: Individual Payoff in a Round

Variables Coefficients (P-value)
Constant Term 30.70 (0.000)**
Exit Variable 0.773 (0.018)*
Group Size -0.704 (0.000)**
Dummy for 50 yen moving cost -0.233 (0.464)
Dummy for 0 yen moving cost 0.458 (0.263)
Trend -0.188 (0.001)**
Dummy for One Participant Group -9.514 (0.000)**
Dummy for Two Participant Group -3.541 (0.000)**

OLS estimation

F (zero slopes)=17.05 (P-value =0.000*%*)
N=1530, adj- R*=0.068

* Siginificant at 5 %, ** Significant at 1 %.
With this estimation, we have a result as follows:
[Result 7] There is a significant positive correlation between the “exit variable” and the “individual
payoff in a round.” We have the data for “individual payoff in a round” after the decision making on the

exit option (Figure 1), we have the result that there is a positive effect of the “exit” on the “individual

payoff in a round.”

As there are interesting results concerning the control variables, we summarize them as follows:
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[Result 8] There is a significant negative correlation between the ”group size” and the “individual payoff
in a round.” The group size is determined before the “individual payoff in a round” is determined, we

have the result that there is a negative effect of the “group size” on the “individual payoff in a round.”

In Model IV, we examine the effect of the exit on the “group size.” The result of the estimation is

shown in Table 4.

Table 4: Effect on the “group size”
Dependent Variable: Group Size

Variables Coefficients (P-value)
Constant Term 5.500 (0.000)**
Exit Variable -0.058 (0.620)
Dummy for 50 yen moving cost -0.042 (0.711)
Dummy for 0 yen moving cost 0.671 (0.000)**
Trend -0.068 (0.001)**

OLS estimation

F (zero slopes)=9.898 (P-value =0.000*%*)
N=1530, adj- R*=0.022

* Siginificant at 5 %, ** Significant at 1 %.

With this estimation, we have a result as follows:
[Result 9] There is not a significant correlation between the “exit variable” and the “group size.”

4. Conclusion

We investigate the effect of the exit on various variables: the group surrounding cooperation rate, the
individual cooperation rate, the individual payoff, and the group size. We derive several conclusions.

Firstly, the participants succeeded in moving to the more cooperative groups (Result 1). Though the
exit itself does not affect the participants’ cooperative behaviors (Result 4), the individual cooperation
rates and the group surrounding cooperation affected each other positively (Result 2, 5). We can conclude
that the exit option made the group more cooperative. This positive effect is detected in terms of the
payoffs (Result 7). In other words, the positive effect of the exit choice dominates the negative effect of
the exiting in the experimental data. However, the gain of the exit is 0.77 yen per exiting. As it is below
the costs of the exit, 20 yen or 50 yen, the net gain from the exit choice is negative values.

Secondly, we confirm the negative effect of the group size on the cooperation rate, that is, if the
group size grows, the rate of cooperation decreases (Result 3, 6). These results are consistent with the

results in Kobayashi et al [2005] included in this volume and former works (Kollock [1998], Ehrhart and
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Keser [1999]). However, we do not find the effect of the exit choice on the group size. One of the reasons

is that there are a few explanatory variables.
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Abstract:

We investigate the intensions of exit choices in terms of predicted payoffs and predicted group sizes. As for the
predicted payoffs, non-cooperators usually try to move into groups with higher predicted payoffs. As for the
predicted group sizes, non-cooperators usually try to move into larger groups. Cooperators, on the other hand,
generally try to move into smaller groups. These facts are consistent with the interpretation that

non-cooperators try to enjoy free riding and cooperators try to escape from free riding.

Keywords exit, intention, social dilemma, mobility, experiment.

1. Introduction

Cooperators tend to exit from groups more than non-cooperators, on the other hand, non-cooperators are
more sensitive to the cooperation around them (Fujiyama et al [2005]). One reason for these facts is that
the cooperators escape from free riders and create a new desirable groups, on the other hand, the
non-cooperators move to enjoy free riding (Fujiyama et al [2005] and Erhart and Keser [1999]).

These results show the different exit behaviors between in the cooperators and in the non-cooperators.
However, it is important to note that, as there are many factors in the experiment, there is a possibility that
the intention of the participants is not clear in usual estimations. In addition, in order to construct the
institutions to promote cooperation in a group, it is a critical factor to note the different intentions on the
exit choices between in the cooperators and in the non-cooperators. Therefore, we compare the data for
the group to which participants moved actually with the data for the group to which participants can move
to potentially. With this comparison, we investigate the intentions on the exit choices.

In Section 2, we outline the data set. Section 3 reports the result and Section 4 concludes the paper.

2. Research design
2.1 The Experiment

This subsection is the same as the subsection 2.1 in Fujiyama et al [2005], which is included in this

volume. See the corresponding subsection.
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2.2 Data and Estimation

Data

There are ten rounds in a session in which 17 participants are included. In each round, there are three
groups for which a participant can exit choice.? The sample size is 5100 (= 3 groups X 10 rounds X 17
participants X 10 sessions). There are data for an average payoff and a size for each group. This realized
values in a current round are information that is used for the decision on the exit. As it is difficult to
predict the average payoffs and the sizes of other groups in the next round, we assume that the participants
simply consider that realized values in a current round affect the payoft in the next round significantly,
that is, these data in the current round is interpreted as simple predicted values for each group in the next
round. These simple “predicted value (payoff or group size)” are dependent variables.

We construct an “exit dummy variable”, that is, if the group in the current round is the group to
which the player moves actually in the exit option in the current round, then the value is 1, otherwise, it is
0. Using this dummy variable, we divide all data into two categories. In the first category, the values of
the “exit dummy variables” are 0. In other words, the data in this category is the data for the group to
which participants can move potentially. If players select the group randomly in the exit choice,
characters of groups in this category were realized10. We use the results in this first category as criteria to
compare. In the second category, the values of the “exit dummy variables” are 1. The data in this category
is the data for the group to which participants moved actually. This date include the intention in the exit
option because (1) this data is information that is used for the decision-making and (2) actually, the
participant moved to the group in this category. If there are some different results between in the first
category and in the second category, the intention of the exit choice is included.

An explanatory variable is an “individual cooperation rate,” which is a cooperation rate of a
concerned participant in all 50 decisions. We make a comment on causality. As the “simple predicted
values” are values in groups to which the concerned player does not belong, there is no direct causality
from the “simple predicted values” to the “individual cooperation rate,” that is, there is no reverse
causality.

The way to collect data is summarized in Figure 1.

9 In the last round, players cannot exit. However, data of the last round also have information for the criterion with

which we judge the bias of the result in the group to which the players move actually. Therefore we use the data for

the last round.

10 of course, in exact analysis for random choices, we have to include the data in second category. However, the

total number of data in the first category is much larger than that in the second category. Therefore, the difference is

very small.
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concerned player
group A group B group C group D

simple ;
1

prediction

uﬁ
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Individual Cooperation Realized Values Exit Dummy

Rate of Concerned Player in Other Groups Variable

r Fixed value for the player Values in group A 0

4 Fixed value for the player Values in group B 0

N Fixed value for the player Values in group D 0
Fixed value for the player Values in group A 0

4 Fixed value for the player Values in group B 1
Fixed value for the player Values in group D 0

Figure 1: data set

Estimations

We consider two models in which dependent variables differ. In the first model (Model I), the “simple
predicted payoff” is a dependent variable. In the second model (Model II), the “simple predicted group
size” is a dependent variable. In both models, the “individual cooperation rate” is an explanatory variable.
Using the “exit dummy variable,” we examine the changes of constant term and coefficient of the
“individual cooperation rate. In order to control the environment, we consider dummy variables for

50-yen-cost and 0-yen-cost conditions and seven dummy variables for sessions. 1!

3. Results

In Model I, we examine the difference in the “predicted payoffs ” among players with various “individual
cooperation rates.”
First, we confirm the significant difference between the “predicted payoffs” in the first category in

which there are groups to which participants could move potentially and those in the second category in

11 With these 9 dummy variables, we can classify effects of each session completely.
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which there are groups to which participants moved actually. Concerning the constant term and the
coefficient of the “individual cooperation rates,” we have the significant difference between in the first

category and in the second category with a level of 1 % significance. 2

Second, we estimate parameters in Model I. The result is shown in Table 1.

Table 1: Predicted payoffs
Dependent Variable: Predicted Payoffs (PP)

Variables Coefficient (P-value) |

Constant Term 25.70 (0.000)**
Exit Dummy for Constant Term 3.463 (0.000)**
Individual Cooperation Rate (ICR) -1.284 (0.000)**
Exit Dummy for the coefficient of ICR -4.400 (0.000)**
Dummy for 0 yen moving cost -0.476 (0.076)
Dummy for 50 yen moving cost 1.223 (0.000)**
Dummy for session 1 with 50 yen moving cost -0.626 (0.019)*
Dummy for session 2 with 20 yen moving cost 0.585 (0.029)*
Dummy for session 3 with 0 yen moving cost 1.615 (0.000)**
Dummy for session 4 with 50 yen moving cost -1.106 (0.000)**
Dummy for session 5 with 50 yen moving cost -2.114 (0.000)**
Dummy for session 6 with 20 yen moving cost -0.447 (0.095)
Dummy for session 7 with 20 yen moving cost 2.444 (0.000)**

OLS estimation

F(zero slopes) =29.465 (P-value =0.000**)
N=5100, adj- R*=0.062

* Significant at 5%, ** Significant at 1%

With this estimation, we have results as follows:
[Result 1] The “exit dummy variable” for the constant term is significant and positive.

[Result 2] The coefficient of the “exit dummy variable” for the “individual cooperation rate” is significant

and negative.

In Model II, we examine the difference in the “predicted group size ” among players with various
“individual cooperation rates.”

First, we confirm the significant difference between the “predicted group size” in the first category
and those in the second category. Concerning the constant term and the coefficient of the “individual
cooperation rates,” we have the significant difference between in the first category and in the second

category with a level of 1 % significance. I3

12 Using the F test, the test statistic is 57.86 and the P-value is 0.000.

13 Using the F test, the test statistic is 7.818 and the P-value is 0.000.
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Second, we estimate parameters in Model I1. The result is shown in Table 2.

Table 2: Predicted group sizes
Dependent Variable: Predicted Group Sizes (PGS)

Variables

Coefficient (P-value)

Constant Term

Exit Dummy for Constant Term

Individual Cooperation Rate (ICR)

Exit Dummy for the coefficient of ICR
Dummy for 0 yen moving cost

Dummy for 50 yen moving cost

Dummy for session 1 with 50 yen moving cost
Dummy for session 2 with 20 yen moving cost
Dummy for session 3 with 0 yen moving cost
Dummy for session 4 with 50 yen moving cost
Dummy for session 5 with 50 yen moving cost
Dummy for session 6 with 20 yen moving cost
Dummy for session 7 with 20 yen moving cost

3.789 (0.000)**
0.525 (0.002)**
0.454 (0.001)**
-1.645 (0.000)**
-0.003 (0.977)
0.152 (0.195)
-0.362 (0.002)**
0.137 (0.241)
-0.303 (0.011)*
0.041 (0.726)
-0.031 (0.791)**
-0.033 (0.778)
0.027 (0.812)

OLS estimation
F(zero slopes) = 4.137 (P-value =0.000*%*)

N=5100, adj- R*=0.007
* Significant at 5%, ** Significant at 1%

With this estimation, we have results as follows:

[Result 3] The “exit dummy variable” for the constant term is significant and positive.

[Result 4] The coefficient of “exit dummy variable” for the “individual cooperation rate” is significant

and negative. On the other hand, the coefficient of the “individual cooperation rate” is significant and

positive.

To see the difference more clearly, we draws graphs of the estimated functions in Model I and Model

II (Figure 2, 3).14

14 1 the graphs, we omit the common control variables, that is, we consider only the constant term, the “individual

cooperation rate” and the corresponding dummy variables.
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PP: Predicted Payoffs, ICR: Individual Cooperation Rate
Criterion: The line that is realized if the participants exit randomly.
Realization: The line that is realized with an actual exiting.

Figure 2: Predicted payoffs and Individual cooperation rate

The lower the participants have the “individual cooperation rates,” the higher group they try to move into.
At the highest “individual cooperation rate,” that is, it is near 1, the participants try to move into the group

with the lower payoff than the average “predicted payoffs” that would be realized with the random exits.
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PGS: Predicted Group Sizes, ICR: Individual Cooperation Rate
Criterion: The line that is realized if the participants exit randomly.
Realization: The line that is realized with an actual exiting.

Figure 3: Predicted group sizes and Individual cooperation rate

The participants with the lower “individual cooperation rate” moves into the group whose size is larger
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than the average size of groups that would be realized with the random exits. On the other hand, the
participants with the higher “individual cooperation rate” moves into the group whose size is smaller than

the average size of groups that would be realized with the random exits.

4. Conclusion

We investigate the intensions of the exit choices in terms of the predicted payoffs and the predicted group
sizes.

As for the predicted payoffs, the non-cooperators try to move into the groups with higher predicted
payoffs (Result 1, 2 and Figure 2). This is consistent with the results of Fujiyama et al [2005], that is, the
non-cooperators is sensitive to the cooperation rate around them and move to enjoy free-riding. On the
other hand, for cooperators, there is not a clear intention to the move into the group with the higher payoff
(Result 1, 2 and Figure 2).

As for the predicted group sizes, the non-cooperators try to move into the larger groups (Result 3, 4
and Figure 3). As the group size affects the cooperation rate negatively (Kobayashi et al [2005]), the larger
group is not desirable for free riding. However, in a larger group, the free riding is not standing out than in
a small group. This is one reason for this tendency.

The cooperators try to move into the smaller groups (Result 3, 4 and Figure 3). This is consistent
with result in Ehrhart and Keser[1999], that is, the cooperator tends to move into the smaller groups. In
addition, Ehrhat and Keser[1999] concludes that the cooperator escape from free riders and create new
groups. Though, in our experimental design, the number of groups is fixed and there is no choice to create
new groups, !5 one reason for moving into smaller groups in our experiment is the same as the Ehrhat and
Keser[1999]’s conclusion. From this viewpoint, we can understand why the cooperators moved to the
groups with lower payoffs, that is, the cooperators consider that free riders exit from the group with the
lower payoff and that if they, the cooperators, move into the group with the lower payoff, then they can
escape from the free riders.

As for future topics, there are low values of the R-squared, especially in the Model II. As there are

various intentions in the exit choice, we have to add some explanatory variables.
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Decisions on Cooperation

—Micro Analyses of a Social Dilemma Experiment with
Intergroup Mobility 4—
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Abstract:

We estimate individual participant’s behavior patterns using experimental data from “repeated social dilemma
games.” Various cooperation behaviors are studied in theoretical analysis. The purpose of this paper is to
provide empirical facts for the analysis. The results are as follows: The cooperation behaviors are classified
into six categories. Especially, we found both the "conditional cooperators" who cooperate with others if others
also cooperate with them and the "empirical players" who choose their actions based on their past actions.

These behaviors are most apparent in the social dilemma game with a restricted exit options.

Keywords: cooperation, decision-making, social dilemma, mobility, experiment.

1. Introduction

In the evolutionary game theory, there are various behavior patterns at the individual level. However, we
have not much information for the actual behaviors of individuals in social dilemma games, though there
are some works to investigate the behaviors (Camerer [2003]). It is important, for the further analysis to
tackle the “social dilemma” problems especially in designing institutions, to gather facts concerning the
actual behaviors instead of the theoretical ones.

In the “social dilemma” games, Perez-Marti and Tomas [2004] tests the three different behavior
patterns: the standard Bayesian model, the Regret model in which the payoff differences between
contributing and not contributing is taken account for, and Warm-grow model in which the satisfaction
that comes from contribution is taken account for. Under the analysis in Perez-Marti and Tomas [2004],
there is an implicit assumption that all participants in the experiment use the same behavior pattern.
However, this assumption is not consistent the assumption of evolutionary game theory in which there are
many different behaviors simultaneously. In addition, it is natural that we behave differently in a real life.
Fischbcher et al [2001] estimates different behavior patterns by the individual. In 44 participants, there are
four different behavior patterns: “Conditional cooperators” who, roughly speaking, are want to contribute
if others also want to contribute. “Free riders” who are do not contribute at all, “Hump shaped
contributors” who, roughly speaking, is “conditional cooperators™ at the low contributing level, but reduce
their contribution beyond the some contributing level, and “Other patterns.” In their woks, there is no

repetition of games and the participants describe only behavior schedules. It is important to note that, in
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principle, describing the schedule in mind and using the schedule repeatedly in actual games are different
things. As there is no guarantee for using the schedule, information based on actual data is more
important.

The distinguish feature of this paper is as follows: we estimate the behavior patterns by the actual
data in “repeated social dilemma games.” In addition to this, we examine the effect of mobility on the
behavior patterns, too.

In Section 2, we outline the data set. Section 3 reports the results and concludes the paper.

2. Research design

2.1 The Experiment
This subsection is the same as the subsection 2.1 in Fujiyama et al [2005], which is included in this

volume. See the corresponding subsection.

2.2 Estimation

Data

As there are ten rounds in which there are 5 stages, each participant has 50 decision-makings on
“cooperation” (voluntary contribution to the group), or not. We construct a “variable on cooperation,”
that is, if a participant chooses the option of cooperation then the value is 1, otherwise, it is 0. This binary
variable is a dependent variable.

As for target explanatory variables, we consider two variables. First, we consider a “group
surrounding cooperation rate, ” which is a group’s average cooperation rate excluding the concerned
participant in that round. For example, there are four participants in a group and the cooperation rate of
Participant 1 is 0.4; the cooperation rate of Participant 2 is 0.6; the cooperation rate of Participant 3 is 0.2;
and the cooperation rate of Participant 4 is 0.3. For Participant 2, the “group surrounding cooperation

bl

rate” is 0.3 (=(0.4+0.2+0.3)/3). Second, we consider a “previous action, ” which is a choice that the

E3]

concerned participant took actually in the previous stage, that is, “ Action_,;” in the notation of the
regression model.
There are two control variables. First, we consider the “group size, ” which is the total number of

participants in a group in the current round.1® Second, we consider a dummy variable for the first stage,

16 The “group size” is determined at the beginning of the round, and all participants know this information in the

first stage in a round. Therefore, we use the “group size” in current round not in the previous round.
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as there is a tendency of a high cooperation rate. 7
As for the multicollinearity, we examine the stability of estimated parameters. In order to examine
the stability, we add the lagged variables for the action to the estimation model, that is, we sequentially

bR

add the second lagged value for the action, “ Action_,”, the third lagged value for the action,
“Action_,” and so on. We add the sixth lagged variables in the maximal cases.!® We judge that the
estimated parameters are stable, if there are no qualitative differences in at least three different regression
models. In addition, we have the correlation coefficients among the explanatory variables and find that all
values are less than 0.5 except for several cases. In all exceptional cases, the values are about 0.6. We
have the VIFs and find that all values are less than 1.6 except for several cases. In all exceptional cases,
the values are about 2. In all exceptional cases, the “stability criterion” mentioned above is satisfied.

The significance levels for the LR-test (zero slope) and #-test are 5 %. As the dependent variable (the

“variable on cooperation”) is binary data, we use Probit and Logit models to estimate parameters.

Classes

We consider six classes for the behavior patterns of participants: (1) If a coefficient of the “group
surrounding cooperation rate” is positive and significant, then we call the participant a “conditional
cooperator.” (2) If a coefficient of the “previous action” is significant and positive, then we call the
participant an “empirical player.”!® (3) If a coefficient of the “previous action” is significant and
negative, then we call the participant a “try and error player.”(4) If a participant chooses the choice of
cooperation more than 41 times, then we call the participant a “cooperator.” (5) If a participant chooses
the choice of non-cooperation more than 41 times, then we call the participant a “non-cooperator.”20 (6)
If the behavior of the participant is not included in all classes mentioned above, then we call the

participant “others.”

17" As the mean mobility rate is about 0.33, that is, the ratio of new members is low in the first stage in a new round,

we assume that the “group surrounding cooperation rate” in the last stage in the previous round is relevant
information for the cooperation decision making in the first stage in the new current round. There is another
assumption that the cooperation decision-makings in the first stage in a round is qualitatively different from those in
other stages. Given this assumption, we should omit the data in the first stage. This is a future topic for our analysis.
18 We use the higher lagged variables, Action_2 y s Action_é, only for judging the stability. As for the target
explanatory variable, we examine the significance for the ACtiOl/l_l only. The reason is that (1) it is difficult to
interpret the higher significant lagged variables, especially in the case that the Action_l is not significant but the
other higher lagged variables are significant, and (2) classifying 234 estimations into some categories needs a
simplification for procedures.

19 There is a certain reinforcement learning process implicitly behind this behavior.

20 1n Ehrhart and Keser [1999], if a participant chooses the choice of cooperation (or non -cooperation) more than
half, they call the participant a “cooperator (or non- cooperator).” Therefore, our criterion is a stricter criterion than

the Ehrhart and Keser [1999]’s criterion.
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3. Results and Conclusion

The results of the estimations are summarized in Figure 1. All results are in the Appendix.

We find the various significant cooperation behaviors. The group surrounding cooperation rates and
the previous action are important factors.

Comparing Fischbacher et al [2001], the percentage of “free riding” is very close, as the percentage
is 29.5 % in Fischbacher et al [2001], on the other hand, that in our analysis is 28 .2%.2! The percentage
of “conditional cooperation” is different, as the percentage is 50.0 % in Fischbacher et al [2001], on the
other hand, that in our analysis is about 11 .9%.22 The reason for this is as follows: As, in Fischbacher et
al [2001], the game is played once, and only the “contribution schedules” are submitted, on the other hand,
in our analysis, the game is repeated and the behavior patterns is estimated by the actual actions, the
behavior patterns tends to simplified in Fischbacher et al [2001] than in our analysis.

In Appendix, the significant behaviors become obvious in the 20-yen-cost “Session 7” in which there
are 10 “conditional cooperators” and 3 “empirical players” and the 50-yen-cost “Session 2” in which there
are 5 “conditional cooperators” and one “empirical player.” In addition to this, the “conditional
cooperators” and “empirical players” become obvious in the 50-yen-cost and 20-yen-cost condition than
in the no-mobility and 0-yen-cost condition, that is, 22.7 % of the participants are the “conditional
cooperators” or the “empirical players” in the 50-yen-cost and 20-yen-cost condition, on the other hand,
8.1 % in the no-mobility and 0-yen-cost condition.

One reason for this is as follows: As there is a high mean mobility rate (67.3 %) in 0-yen-cost
condition, the participants feel that the game is played with all 17 participants within one group as same as
the case in the no-mobility conditions in which the group is fixed. In other words, the effect of selecting
the members decreases in 0-yen-cost condition, and the situation become similar to that in the no-mobility
condition. This ineffectiveness of the selecting members diminishes the incentive for using strategic
behaviors.

It is a future topic to investigate the condition under which the desirable behavior patterns are

realized and high cooperation rate is attained.

21 1 Fischbacher et al [2001], the participants are asked to “indicate for each average contribution level of other

group members how much they want to contribute to the public good.” The behaviors are classified depending on this
contribution schedule. If the participants submitted a contribution schedule that contained ‘0’ for every average
contribution level of other group members, they are called “free riders.”

22 1n Fischbacher et al [2001], if there is significant and positive Spearman rank correlation coefficient between
“average contribution level of other group” and own contribution in the “contribution schedule,” the participant is

called a “conditional cooperator.”
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Figure 1: Classification
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Appendix

50-Yen-Costs Sessions:

CC: Conditional Cooperators

NC: Non-Cooperators

EP: Empirical Players

Co : Cooperators
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player 17

sum.
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player 11

player 12

player 13

player 14

—_ | [ =

player 15

player 16

player 17

sum.
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T&E: Try and Error

Oths : Others

Session 2

CC

EP

T&E

NC

Co

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

player 17

sum.

Session 4

CC

EP

T&E

NC

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

—_ | ==

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

player 17

sum.




20-Yen-Costs Sessions:

CC: Conditional Cooperators

NC: Non-Cooperators

EP: Empirical Players

Co : Cooperators

Session 5

CC

EP

T&E

NC

Co

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

player 17

sum.

N - -t -

Session 7

CC

EP

T&E

NC

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

player 17

sum.

QOQ|=— |=— | = | =

158

T&E: Try and Error

Oths : Others

Session 6

CC

EP

T&E

NC

Co

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

player 17

sum.

Session 8

CC

EP

T&E

NC

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

—_ | ==

player 13

player 14

player 15

player 16

player 17

sum.




0-Yen-Cost Sessions:

CC: Conditional Cooperators

NC: Non-Cooperators

EP: Empirical Players

Co : Cooperators

Session 9

CC

EP

T&E

NC

Co

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

—_ [ [ =

player 14

player 15

player 16

player 17

sum.
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T&E: Try and Error

Oths : Others

Session 10 CC EP T&E NC Co Oths
player 1 1
player 2 1
player 3 1
player 4
player 5 1
player 6 1
player 7 1
player 8 1
player 9
player 10 1
player 11 1
player 12 1
player 13
player 14 1
player 15
player 16
player 17 1
sum. 0 0 12




No-moving Sessions:

CC: Conditional Cooperators

NC: Non-Cooperators

EP: Empirical Players

Co : Cooperators

Session 11

CC

EP

T&E

NC

Co

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

sum.

Session 13

CC

EP

T&E

NC

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

— — [ — [ —

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

— ] — [ — | — ] — | —

player 16

sum.
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T&E: Try and Error

Oths : Others

Session 12

CC

EP

T&E

NC

Co

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

player 15

player 16

sum.

O| = [ = | = | =

Session 14

CC

EP

T&E

NC

Oths

player 1

player 2

player 3

player 4

player 5

player 6

player 7

player 8

player 9

player 10

player 11

player 12

player 13

player 14

—_ | -

player 15

player 16

sum.
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Effects of Unanimity on Cooperation

—Micro Analyses of a Social Dilemma Experiment with
Intergroup Mobility 5—

Hideki Fujiyama  Hirokuni Qura
(Dokkyo University) (Teikyo University)

Abstract:

We examine the relationship between non-random sequences of cooperation choices and unanimous
cooperation in a group. We find that unanimous cooperation generally affects cooperation behavior positively.
This positive effect is most prominent in moderate mobility conditions. This fact implies that unanimous
cooperation is a signal for cooperators in a group and the signal is clearer in moderate exit costs conditions than

in no-mobility and high mobility conditions.

Keywords: cooperation, unanimity, social dilemma, run, experiment.

1. Introduction

For solving the social dilemma problem, there are two streams: strategic solutions and motivation
solutions (Kollock [1998]).23 In the stream of the strategic solutions, egoistic players are assumed,
and the reciprocity and the choice of partners are important factors.24 On the other hand, in the
stream of the motivation solutions, altruistic players are assumed, and it is known that the
communication and the group identity are important factors to promote this altruism.

In this paper, we look for the phenomenon that promotes the cooperation in an experiment in the
stream of the motivation solutions.

In the experimental data, there is a cluster of cooperation both in the time series data and in the
cross section data. More concretely, we can find the sequence of cooperation choices in a player. On
the other hand, there is a group in which all players choose the choices of cooperation simultaneously.
We examine the relationship between these phenomena using the cross table analysis.

In Section 2, we outline the data set. Section 3 reports the results and Section 4 concludes the

paper.

23 If we consider the changes in the structure of the game, there is a structural solution in which the game is altered

in order to solve the social dilemma problem. In both strategic and motivation solutions, there is no changes in the

structure of the game (Kollock [1998]).

24 The exit option as a way of selecting the members in a group is examined in Fujiyama et al [2005a, b, c]. The

conditional cooperator is detected in Fujiyama [2005d]. These works are in the stream of strategic solutions.
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2. Research design

2.1 The Experiment
The subsection is the same as the subsection 2.1 in Fujiyama et al [2005a], which is included in

this volume. See the corresponding subsection.

2.2 Methods
Data

As there are ten rounds in which there are 5 stages, a participant has 50 decision-makings on
“cooperation” (voluntary contribution to the group). We construct a “variable on cooperation,” that
is, if a participant chooses the option of cooperation then the value is 1, otherwise, it is 0. We
calculate an “individual cooperation rate,” which is the ratio of cooperation in all 50 decisions.
This measure is used in a run test. As there are ten sessions in which 17 participants took part and

four sessions in which 16 participants took part, there are 234 participants to examine.

Criterion for a cross table

We consider two criterion for a cross table. First, we examine whether the participant continue to
choose the choice of cooperation significantly. We examine the length of run of cooperation in a
“variable on cooperation” given the “individual cooperation rate.” For example, consider that there
are ten decisions and three players, A, B, C, whose “individual cooperation rate” are 0.4. In Figure 1,
we consider that Player C has a significant long run of cooperation because, if the decision-making is
random, the run of cooperation for Player C happens rarely. For this judgment, we use the tests based
on the length of the longest run.25 As the frequency of cooperation choices and the length of the
longest cooperation run are obtained from the data in the experiment, we can have the test statistics.
As it is difficult to calculate the exact distribution function, we obtain it using a computer simulation
(Monte Carlo Analysis).26 The graph of the distribution function of the length of the longest
cooperation run with 7 cooperation choices and 43 non-cooperation choices is shown in Figure 2. In
this case, the probability for the runs in which the length of the longest one is 1 is 0.3917; the
probability for 2 is 0.5286; the probability for 3 is 0.0718, and so forth. In this test, the null
hypothesis is that the runs are realized at random. If the runs that reject the null hypothesis are
detected, we think that there are some hidden factors that affect the participant’s behavior. As one of

reasonable candidates for these factors, we consider the following second criterion.

25 See Gibons and Chakraborti [1992] for a detailed explanation of the tests based on runs.

26 We derive the distribution functions with 100,000 times trials using Mathematica.
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Player A Player B Player C

X O X
X X X
O X O
X O O Longest
O | Longest X O Run
O | Run X O
X X X
X O X
O X X
X O X
The length of the longest run: O : Cooperation
2 1 4 X : Non-cooperation

Figure 1: Runs of Cooperation

Probability ) 5756

.5

0.391
0.4

0.0003  0.0001  0.0000

0.0718
0.0075

1 Z 2 3 L & 7

The length of the longest cooperation run

Figure 2: Example: the distribution function

Second criterion is as follows: we examine whether the participant experienced the unanimity of
cooperation in a group, that is, all participants who belong to a group choose the choice of
cooperation in a game.

We examine the relationship between two criteria using the cross table analysis. As we control the

“individual cooperation rate” in the test based on the length of the longest run, these two criteria are
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independent for each other.

3. Results

As the distribution function is a discrete function, there are cases in which critical value and the
test statistic are in the same religion. In these cases, we cannot judge whether the test statistics are
larger than the critical value, or not. For example, in Figure 2, if we have the 5 % significant level,
the critical value is in 3 of the length. If a realized length of the longest cooperation run is also 3, we
cannot judge whether the test statistics (that is 3) is larger than the critical value, or not. Of course,
there is a way of thinking that, in this case, we consider that the null hypothesis is not rejected. But if
we accept this way of thinking, there is a bias not to reject the null hypothesis in this case. In other
words, in Figure 2, we do not test the hypothesis under the 5 % significant level but under 1 %
significant level substantially. In order to avoid this bias, we omit the samples of these cases from the
all data.2”

The result is shown in Table 1. We find the positive association between two criteria.28
Table 1: Cross Table

Non-random sequence of cooperation choices

Yes No Sum.
Unanimous Yes 29 72 101
Cooperation in a No 10 73 83
group Sum. 39 145 184

Cramer’s V =0.202, ;(2 =7.57 (p-value <0.01)

As for the samples in the 20-yen-cost and 50-yen-cost conditions, we find that the positive

association between two criteria is more outstanding.

27 Though we accept the way of thinking that we do not reject the null hypothesis, the results are not altered
qualitatively. The results are shown in Appendix.
28 The association (the Cramer’s V) is corresponding to the correlation coefficient. It seems that 0.202 is low.

However, it is important to note that the value of the Cramer’s V in the below case is also 0.2:

B1 B2 Sum.
Al 60 40 100
A2 40 60 100
Sum . 100 100 200

The Cramer’s V in qualitative data tends to be lower than the correlation coefficient in the quantitative data. This

example is cited from Takahashi [1992, p.181-182].
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Table 2: Cross Table (20 yen costs and 50 yen costs)

Non-random sequence of cooperation choices

Yes No Sum.
Unanimous Yes 25 43 68
Cooperation in a No 4 35 39
group Sum. 29 78 107

Cramer’s V =0.287, ;(2 =8.81 (p-value <0.01), Fisher’s exact probability test’s p-value <0.01

4. Conclusion

We examine the relationship between the non-random sequence of cooperation choices and the
unanimous cooperation in a group. We find a positive association between two criteria. In addition,
we find that the experience of the unanimous cooperation is realized in the early parts of the
cooperation run. We conclude that the unanimous cooperation affects the cooperation behavior
positively. In other words, it is a factor to promote the cooperation in a group.

This positive effect of unanimity is prominent in the 20-yen-cost and 50-yen-cost conditions. The
reason of this is as follows: In social dilemma game, it is important to guess others’ behavior in a
group.2® From this viewpoint, the communication and the group identity can be interpreted as the
way to bring the participants the good guess. The unanimous cooperation in a group is interpreted
similarly, if we consider the unanimous cooperation as a signal of high cooperation of others in a
group. This signal is weaken in a no-mobility condition as they interact repeatedly for a long time
and have much information except the unanimous cooperation. In 0-yen-cost conditions, this signal is
also weaken, as many participants move into the group. On the other hand, because, in the
20-yen-cost and 50-yen-cost conditions, the past information is a little and the noise with mobility is
also low, the signal is clearer than in the 0-yen-cost and no-mobility conditions.

As for the future topics, we examine the difference the 20-yen-cost and 50-yen-cost conditions and
the 0-yen-cost and no-mobility conditions using some statistical test. In addition, it is needed to
obtain the numerical information with which we know when the experience of the unanimous

cooperation is realized in the cooperation run.

29 Though the analysis is based on the trust game, we find the same comments in Bohnet and Croson [2004] and

Eckel and Wilson [2004].
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Appendix

Table 3: Cross Table

Non-random sequence of cooperation choices

Yes No Sum.
Unanimous Yes 29 84 113
Cooperation in a No 10 111 121
group Sum. 39 195 234

Cramer’s V =0.233, ;(2 =12.7 (p-value <0.01)

Table 4: Cross Table (20 yen costs and 50 yen costs)

Non-random sequence of cooperation choices

Yes No Sum.
Unanimous Yes 25 50 75
Cooperation in a No 4 57 61
group Sum. 29 107 136

Cramer’s V =0.325, ;(2 =14.3 (p-value <0.01), Fisher’s exact probability test’s p-value <0.01
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The purpose of this paper is placing players' shifts on the game theory. First, We confirm the necessity of
the iterated game theory and show the paradigm of “quasi-iterated games” that is different from the paradigm
of regarding players’ shifts as strategies. The quasi-iterated games in this case are mixtures of 50 times (10
rounds) iterated games and only 10 series of 5 times iterated games. Next, We show the results of experiments

and point out the possibility of the paradigm of quasi-iterated games for analysis of social acts.
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OHERE Y, =PI L~ BEEIE, TR U T —EREK ) 720 TITRR TE 20v, BRI
B LHAADED LI TR ENT VWS EEZ LR LT, ERBINEL, BEIR LS
HEv s, BEIH O KW T T RY I—8klg) 2BHAT o eErdH 5. 22T, TR
DL R EHEST, BEfLT-.

il . TBEIZRLEMELED S, BEIHY RSBV T [FY U8 A<D
259 ]

.41 BEEXHEDFEETFI VY

PG DIEFT 24T O B, BEVSRMES T2 L T2 MERR Lz, BB, B AR 1R,
FIFF & FRPOTBREMICREZ L OVEHEEN R ON D E ) e iit Lz, £ ORRMN
RTTHD.

KT XM EoOBBER, FARIE, FE, TEHEN (FERERN) OVHE FEERZE)

BEe L A NG 2 A MK X hEnr F

n=32 n=34 n=34 n=34
BEh= S 0.20° (1.15) 0.33° (0.18)  0.67° (0.19) 67.46""
NS 037 (0.23) 035 (020) 029 (0.19) 035 (0.22) 0.83
FIG 1369° (229)  1232® (148)  1220° (109)  1321°°(137) 6.54""
FEW ) - FIREEML 521 (0.97) 549 (1.17) 549 (135 573 (0.97) 1.16
EGiplEA T 476 (121) 421 (1.40) 456 (1.36) 419 (1.45) 1.38
i S AT 328 (146) 276 (1.60) 238 (1.61) 271 (1.57) 1.86
IS IR 431 (147) 374 (1.54) 439 (1.75) 447 (1.76) 1.42
(B U 3.06 (1.48)  3.62 (191) 344 (2.02) 341 (1.71) 0.53

FBEMGFEE 314 (1.16)  3.52 (1.36) 372 (1.07)  3.56 (1.09) 1.36

AU N—IRFEY 4.45° (1.48) 5.10° (1.46)  5.57° (1.62)  5.79° (1.28) 538"

FITE BR8] — 420 (1.50) 427 (1.72) 413 (1.63) 0.06
#4p< 01, ¥*¥p<.001; F/RDT N7 7y NL p<.05 TEBHDLIZEEZERT D

BE#hH Y O 3IEMEORT, BIRICKMHEICEIDERD DN E D DEDHIN THE LI
B, ST ED2RENBD S (F(2,99)=67.46, p<.001) , FHEZHREDRER, &2 TOLEMEDRM
WCHEBKES % TENAON, a3 A MESEME (M=020) <= A MESERMF (M=0.33) <z X |
T udf (M=0.67) OIRIZBENRES @7, £, FEABIRIIISZHOEBITRD b
2o (F(3, 130)=0.83, ns) 2%, FFIZIESEBOERH Y (F(3,130)=6.54, p<.001) , F
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BREOE, Bl LA (M=1369) LY b X bEsf (M=1232) , 222 MESM
(M=1220) OFENEN->T-. ZHEBENCE> T a X bolbtE2LN5.
FATHERICE L TlE, A S —BINEALRIZEEOERH Y (F(3, 130)=5.38, p<.01),

FHRMREDK R, B L& (M=445) , 2 XA MESMHE (M=5.10) Ko b, =2 MRS
(M=5.57) , 222 hEBafM (M=5.79) OFN, AU AN—RRFELNEN-T2. 2T, B

HOMENEZ GXAONTVHR, AUANA—BIROAEEZBERLIZZOEELOND.

LED G, REBROEREMET 17V —TBEHO LTS ZHIEL TN ERMHETE

7.

342 THRUA—HERE ICRIZFTBISFHEODE

WIS, KA T 27200 1 >OHEE LT, £9, FHEIEIEHERDHIE EEA
W R OMBAE . TOER, 80MWY, Bl LEMHFICEWTOARMEN RSN
Mmofe (=01, ns) . ZhIE, BEIORLWSEMATIE, BOMMEFEIZCEERLTWIZ ANZEW
BRENEWVI BIRERN AN NoT2E VI 2 ETHD. BEIR 2V IRBIZEWT T
U—HE ] NHEVRONRNSTZEERTHEOTHY, KE e —HTIHHMETHS.

£ 8 KT L O JED = LR N SR & OB

EEXUN BEheL axbE aARME axbEno
n=134 n=32 n=34 n=34 n=34
L 327 .01 .37+ .44~ .50**

**Ep<,001, **p<.01, *p<.05

W, W LZEAD MY H—ERIKE RIS L D EMEDOEZN RO D 0 E 5 a4
IITTCHEI L. RIONSNLH8Y, FREOHEPED O (F(3, 126)=2.85, p<.05) , F
BRREORER, BEIZR LEMAE (M=021) L0 b, 2 A MEEM (M=043) OJF0 KU F—ik
BEEERE W E WS FERIZR o 72, BB LML 2 X MEEKME (M=037) , 22 hEr &t
(M=0.36) OIIZIE, ABRENBOLNRN-T=R, A MEkM, ax MESM:,
MErRtOBEIHY 3EMHEEZELOHT, BEIR LEHFLBEIH D KT HY U —HRIKEIC
FERHDHME D DRt BE TR LICRER, BEiZ2 LEMAE (M=021) kv b, BEIH Y &MHF
(M=0.39) O3, bUF—BRIKENE N7 (((128)=-2.76, p<.01) .

KO RJMEZTLED PV H—EIKE (T FNTEEHRDHHRET D NI L
BN /)R OB O fE (R RS

BEh L = = o A MK = O = F
n=31 n=34 n=32 n=33
0.21% (0.23) 0.43°(0.31) 0.37%%(0.38) 0.36%%(0.27) 2.85%

*p<.05; BI2DHT NT 7N p<05 TENHDHILEZEW TS

U EDOFRERERNS, BEIZRLEMHELD S, BEIL D RFIZBWNT TR U T—HkI) 8% <8k
MEN2 LW EBITIZEFFSNTZEERDEASD.
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3.4.3 BEAGLEHT N A—EBEBRARMSIZ VER

ZTRTIE, 28, BE LEHTIE TR H—IK) BERA IS oD TH A 9 0.
Tx X, BEIORWAERHT L <RI, TR Y 8IS BRE TRV EB X 7.
DFED, HEOT-DICIEHITEZRINT D &, 222 > THO W DITENRIGE 12 & - TIEIE
WHED T ANEZ 02 812720, R, HEREBIZH->-TLEI LI AMEETH L.
LoaL, @IREVBEN D fTRE 2RI CTh AT, B R ELIEIT 5 /R gz 5720, T
UH—Hl) DA THLINb LR ESZ 272, ZHEHEmN R TRITH D0, ERRICE
BREMENZDOLIICEZT MY I ZBALTZY Lo/ L7zDnE 5 0%
MBI, ZIT, BEIKIEZ LIS, F0kH It EEZLAN TR U —#Ig %
STWZDONERFT 5720, FEZEICNY T —HIEE L 1E2 0o EE, 1TEEX
EOMBE R, TOMENELI0THS.

10 : N U H—HIEE S E AW RZ OO, ITEEN (FREM) & OKMHIEE

EeXIN BEizlL axXbhm aAME X bEe

n=130/99 n=31 n=34 n=32 n=33
(EUNZYIES .29#x .02 AT .40* .22
SR JE D b ) 2 -.03 —.58**x .26 .17 .15
BER -.09 — -.09 -.05 -.01
F45 - .25*x - .53** -.16 -.07 -.03
FEW ST - FIIEEER -.00 -.05 -.19 .21 -.27
RS IR .14 .48** .49 .21
o M AR & .10 -.05 .20 .14 .24
IR o 70 B4 .16" -.07 .31t .23 .18
1B Al .30%*x .11 .39+ .21 .40%
T JB 4R A i 17" -.29 .19 .14 .51
A N — 3R FEE .15" .38~ -.01 .07 .04
NIEASER Y E 2 up=yE -.04 — -.27 -.09 .23

*¥*kp<.001, **p<.01, *p<.05, +p<.10

10O D L1, BEN R LEMTIEL, hoB#EidH D 3 &ML R VEHM A RR D 2
EMNRTEND. 332 Tirole [RUT—HEE) HFORHE L —HLT, BENICAS L,
U —HEREEE O m AN I W OEmIC S DN TH D (EAW IR L IEME, =29, p<.01) .
LRFIEEmDO NZE (=31, p<.001) , hF~DISHRA T IIIFER EWIE E (=16, p<.10) ,
FUT—HRBEE RN Em <, TORE, A "= OMIZEEEREEZ KT (7=30,p<.001) , AT
BEM~DHEE L&V (=17, p<10) . ZhLOBEKRIE, FAMICRZE X, BE#HY O
3E&MTIEBRLR—ELTROOND (U PAHOEELH > TETHABERER LT
RBRVW) L L, BEIRLEMTIE, ZREITHONIELRIBEENAR LN, BE
UM, b U T —ERESEE & ARG DT (=02, ns) , FUAT—
I AT D &5 9 DIZ, ME~DISHREEG DIFIZE L 2> TWRY (=-.07,ns) . Z D5
F, MU T—ERBEEOEWAE, GBEERELECT (=11, ns) , FTBERSTAEE T
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WL OOFENTHD (=-29,ns) .

XM T Tk HoOMBINICET L, BEIOAEIZL5ENE, REETTWY
LDEHIM™. ZZTHEROEEL 72500, BEi LEHETOLRBEIZRO NS, NI T
— R R & S JE AW %, RIS 0RO TH DL (EREi, = -.58, p<.001, r= -.53,
p<O01) . $RlZ, EHELWHIHE L OMBIX, thoBEd 0 & T, AETIERNE DD
BIZIESHTHHDIZTHD. ZHITKRD L H IR TE 5.

BEINATREZR M T, BEIE W ITRTA U ARV THS. FDn, ke
MEE LW E B BINE L, WAL N— L[ — I N —F o R, TDT W
Y RIFHES L HEBITEEZ R > THERENDDZRET S Z LI1T8D, RICE) A=
TEMRZELS Z LT L2 & D, 20D, bE LT vy FNTITILEREIZIE
Db LRV, 1y aryrofis, OREO [ FY T HENFEETIUE, £
DEIRAN—LR =T N —T 2o RFIIT L RRE A ZER CE D720, &FE@EL T
RAuE, ThU AT FEEAWAIRCEERIAEELSS. 2 LT, Enés Th
U —H& ] FHoOmMIRITELSRD.

—J7, BEORWERMETIE, BN IR A N—IZEERRWIRY, EFOIERH DI
LT ThY TR CTHPLT DL, TRRH -2 MME O I TE 2 AR, LEIRRE)
SIITHTZENTERY. 2072, MU AT—IEZIS ANZE, LI bMbs T
O 12 B O FIF2Z 8127, FIGNE< 2o TLES. ToXHkETIE, Th
U A —Hl ) FIXWHATE A BT, ME OO L EEE SRS S T, FrREM A~
HEN T, Z LT, FFENTWARWA U ANR—FIRFAL T NGRS 25 (B T —ERIg
JEL AU R—FRFEE & ML, BER LEORTHEE TH -T2, =38, p<.05) .

ZOXIIZHERTIUE, ThUT—ERE) ZEoERSMER, BEhe L&A Ciityg
WRIZHa > TO LK ARERIERABURICE Uo7 —F, Bi#hd O L£M4TlE, FrxoBEL
OB A N —RLETCORB| ZRRTHZENTEOTHY, Tk, ThUH
—HIG ) B, BEIZRLEGLV EBEISVEFICBWTRAShAS T ot B2 52 &
MTEDLTHAD.

3.5 TBRE RN 5 — B IE | OB 2k

AREBRTIE, BB NY T—HIE) DEET L0 E I DOl EBRE LTWER, &K
AT DEERE N A ZDITHERE L TV ey, FIEO S 6iERE L T <. £ 10 OFE & OB
5bLansiEY, [hUF—MEE) 1%, BEHTEARVRATITY XI0iX, BEicxRkT
TolnfGom Ty £ L) 222309055, LanL, IRLT THY V—#kI %5
DIZEFIERFNE WD Z e d otz £z, [BEEEE) FICEALTH, 40000
L300, FICBEI AR FOPNLEETIE, FBOETIFHEZ L TWeZ ERXghoale. D
T, L LU AEROERRIOF TIE, TBEHE N H - 3RS0 E THET
HoTmEIXE AW ENGinoT.

4, 52

205



4.1 TBEVR N A — BRI | DFFAELE 2hitk

ARFEBTIE, TBHANY V) OFEOHBEZ BN E LT\, RKigsLO i ok
B, THUF—8EEE) (B L TiE, K¥ELLEOERSIMENRA L TOIZZ ERNS0oTz.
IO L, MEFEOWHINILH T, ME DO INILIERH I THIST D L S ERIES, %
SOANZPTIZEWSOSHEIETHDEZ &, HDWIE, BEAETOH TEOIEDE %
Y, BECHIZOITTWAEIK THL Z LA EWT 57255, TBEhEN) (CBAL TIX, #F
I TR U H—#lg ) LHAADES > TEHEELZDIT TRV, TR OBBIRPHERE S
T (X FEFRET20%~a A M ErRHET6T%) . 72720, 2k, BEoES%
D72V BIRINICE X TOWEAREBROBBIZE D HDOT, ZOBEBEROKREIIZE->T [BH)
HEHK ) OFEOAEZHEMm L ChdE D BRI,

ZRE LHEKENDIL, BEOKEREX DNEHRAL, GabhhhogAick-
T, ThUT—HIK OBEKRTLIHLO, SLIKERAOSNGTRR > TWERTHL. B
DR WEMETIE, THU T8I 2 EERBIZHE OOV TLES B LWEKRTF R R O,
T, s LRI TIE TR Y TG BEZITIE RV E WD RO & —%
TOHMRTHD. —F, BHOKESRGE 2 oM<k, T T8k Bz o
iz EE N, BLOWIMEmERD, A N—~OEHIRE KT 2 OIC&L - T
WAL LW ALz, ZhiE, Aoy 7 bo#HREY, @#BROBEIN NS Z &
WZE-T TR U M) HESP L~ IRICAEDI T L Z xR LTcb D, L ERXD
nh Ly, fFRELT, [ThUT—8K) BDBIESOH L4280 T, L
AT bwnws Z bk, TBEHERY T &0 bOBRENTHFEL TN LW
FIZETHDHEEZHLILLTEXDIEAD.

LML, E<EBERXTHD L, RERTZIOLI BRBHESOIRD R oNT-Z 212IF, R
BE#R2RbLH 5. BROBENICL > T, AYICESMhE 2B IRTE 20 THNIE, BHHHER
+RE—EICHTE L CHBERELZERTH L TELTHAI. L, KERORE
TiX, BBOKRIZ, S THAROEN - TZEMEZRINT 52 L1XTEDLHR, ETOERS
MENFERCBIHOBEERREL L, EBNEDBEE LVWEMEZRIRT 5720, BE#HLIZED
LMD, UAIOFEFEFLE LWEMTH HRIEITES RV, 22T, FRICIFEEZNL LR
BEERNE (FIGORWERZRIRT 570 L) bEFEELEOTH LS (BEIRIE OFEMIZ DUV T
FhoFmXEZRINTZ) . 22T, ERSMEBZNENNE DD ODEXEZF > THBE)
L7z LThH, MRLELTEHEEFLWERICHBT A2 LIXTETIL, ¥ AICEME
XYY TN LEDERIUTH-TEEXTHDL., TDH&, ME, BEZEVELTYH, WM
MFICEENDHERIL, BYO T V=T 50 THIINMEICEENEE LR CIETTH
D, BEIOWENGAD LA oL, 2EEZEL COBUWHIEOMFHEZR CIZTTH
. ZOHRT [RY T8I #H0E, EEREBICHOIEREBFEC X2 ICEbhs. L
L, iR Ee R <Hhrde, THUT—iIE FiX BERLEELIY BBEIH Y FMHICE
WT, BANRMFEICEER TN D THD.

UL, UUFTO2O00BEERBEZLNDHTZAH. 12120, AV AN—BRBELZ S
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WCRZDARFEROBREICENTS, M AT —HIREIZE DD THUZ2HW 2 LT, KYICH
MFERETHREREZRETWVEHBEICH TV AEETH S, b5 1 212iE, FEREI
XT ULy IV EEDLLRVWBH ThomIc bbb T, RBRBINF X, BEIEaRN
HEZONTEWI 72T T, LA AN—~FEU Lo EZHE Z &N TE, ZOHHFD
2B BWMITENZ D LT < 20, R OWHEIZEWZE W) AEEETH D, BEED
EETGNERVN, KEROREELEZDRY, AiEHOARMIET TR ONT-FEZEZ
HT 0L EICE b, b L, BEDOL I T at ATz ET 5 51T,
ZOMATHENY Ly~ ORBEHICLE RO, AL IR A v oN—% R TR
REAET D ETIERLS, BIZT7 X LRBH ThHo THBEIOMSRNH 22 2T, FriLn
AVNR=PH NI THLINE LIV WEHIHFT 22 L2000 b LitZzu.

ARFEBRTIE, TBEE NY T DFBFOETHEAE WD T TR L TRNo T2,
EEEICEA SN TEY, 20720 QLS E L EALTND 2 ENRghoTe. KERTIT,
TN—THERLNTEY, BIIRO LA N—%2RRTLHZ L LRETH-TZ. LT
N—TnR% <, LVBEMMICESHHETEZRE LLTWVWE D RBLEOEFICE W TIE, FEEE
2 TREVR N ) o —ERIE ) NEIGMEZ > T A AL H 57255, TBEAI N H—
HERS ) IS KDY L~ BB OMRFTREENRB SN DY, TR THREY, REME
REDEY 7a— NV TEIRN T L =R NEER D L RISITES TE RN TH A 9 /I
HEENRLETHD.

4.2 EBROZYELIRR

ARERRTIE, EBRSNE OITENRIE &, FATE MM TRE U2 A RM:, F% B R TRl
ELTATHEK E OBRICENWT Y, BBDAEKROMA L —KT2/RTHY, Fiz, @
WARERFER CTH o 7-. 2D Z &1, EBRBME N ERRIZHME L, FFIEE OB E O
NOITEIZH > TVl L 2B, KEBROHSHT L ~FRE L TORYMEEZIRAET
LHD0THAS. —H#, FICHEAFEL OBRBRTTRISHIERHERD A O oT2D, £
IXEIC, EMEEHOMETHAH. SHOFFIETIE, Zok)> 2B E 2T, LViEy
ICEBRBMEOBRREEZ THTOIRELZ LRTHILERHDHTEA .

BT, A, WOCAERIZED DO L O AL A2 MIRT 512872 > T, EENL
TR EZET T REBRTOEMHD T, 134 N\OFEBRSMELZED, TZTI1 A
N& T B BT 4 DDRMITIRY 3T T2 L WO FRTIEZRW. 16 A7 L 17 AT HOOHEHIFE
BRaiT oA L, ZIMBEBOMLEEL S LIZ 16 A2V L 17 AT HODEMELZED, TIIZ1D
FTORMEED YT, 20D, FMECL>TH U TNVITRO BBz WO MERD 5.
—fFlE LT, RIICOEEED K, 7 —F A R & O5M4 2 L OMBEGREE
oo =R UT JMEZEICHBEBBRNRRES BRDODB 00570, T2 THEENBLEZROIT,
—EEHE, K, 7V — T A FEIWTL, FRTEREAN CRE L2 AT H
L, LWHIRTHL. FATEMETHD 0D Z 8, FHOEETLWETTHY, FER
SIMBENERIZT X LIEMED T ERT0IUE, 54N T, FLE XS Z2MEBEBEERA AL
NDIETROTH 2. KT, REFIL, BAEADFS SNIZBRBE CREOBIEO R Z 21T,
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MNLAZRIRT 5 E V) O TR, 1y varyOeMERLEPHEEATLILOTH-
. DD, KLY CTIANBRETHH I EORMBEIIREVWEEDRS. B0
YTV DENPEIE SN AR L H DO THD. LEBN-T, AmXoh T IBahsket:
DHF] THDHEMRUI-oNFERS, EERIQE, BEShE BEHo LT &) oo
37, Tbeb DV T VOREIZLZBROE ] THLHREELRETE RN, £
D=, Kim XL TiE, BROBEENHTLEORLT WERERSEBHRITIIITOT, bk
B OR3P0 RLTVWEHIZ, B L EHEOTRE T HITL Edi.

ZOXDRMEE MBI L, KREBROMALEZ X DICHENR L OICT 521, ERBNEEE
DS ZRDT, EOF-HRELEZFTRITT VU F LTERHBITEY 5720, BINEITITER
TTL—% L TWHERDELINERIZIT—A— AT Ea— X —HPITHE SN-&H8T
THRRELZSELIREDTRB/LETHS .

Lo L, HFEICEM CTHEEA SEZ2D ZZ/AXTELHAWVWS AT I XA HY, B
B LY T ARBAICRAET 25— L TOAREROBRIIRENEEZD.

F1: D oY 0BG YEDRIEO F
(—fXEIERE E N, 7V —F A R & OFEE)
BEiZ2L = AbE O AME X bEo

n=32 n=34 n=34 n=34
2h 710 -.01 .36* .34 -.15
70 —74FK -.22 -.22 —_B2%*=* .04

*¥**p<.001, *p<.05, +p<.10

[iE]

(1) 2004 %6 A LD FEBRT — & OAMH L. 2003 4 12 A FElit O REEO LR T, &M 2 LI Eii RS
WERIR D72 ESM LN DOIRENRENE W LD THD.

2) 2FV, F1~10 7 RETO 10 HOFEFEDWHIIE L 10 HOEAWBIIFELEOHETHL. TV
YRIEIZELEOTIZ, PIEZERWZE 49 BIOM@MAOEERE L, ZOEATOF 49 B0 EDHE L
OBEEZRIZEICT 25 HHTHAH. LrL, BAOEBREIILT UL ERT—EOLOE LW
ROFELZ T D0 TR0 LW, RRKENS, BRI LV—F0WH I & DR
FKBRBINE B T O 1Em & OB ERIEIC Lz,

B) BIiR LEMHTIE, J9 RIEDITNA—TBEIN WD, 00 RIE TR - ZFEICIZZIE
EHMINeBWIL2L<, £, UV FYIEOBREREL, M7 vy NREOEUMIRICLEESR
T THD. LoLl, 12 oftefixsD, b9 12o1iE, BE#ER<Es [T R
T O EERT VY ROFERBIERENDIOTEMENKY Y 2Ei# T 506t LH 570, BH)
DB DHMD 3G ERBEOEHE L.

@) bbb, EHRHENERRERENNR 1 SDORFLE L TCELEomlnO b, FlEEHEMAL
EBRBIMFZEHFEBITHE L 5T L VW IHFEITH D,

(5) FHERMMICBE L TIE, FEMICHELTWA LY, KETWT IERY, BAOROE N> ANIEL,
HOoDOITEORNEZEZ DL &I [FEEERLENLE] ) B 27 B2 508, KX T
fHEOTDIZ, FREMBECRERFOEREZ ERICEVWHT IR TELZL 0 LE X, [HHEMK
TOEBRFPOBERORIZE=SERFOITE ] L WO RROALEZTLT. FHEMICE L ToRiE4e TRk
ThD.

[ SCiik]
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HERXFICBIOERT T u—F

—H kR, arYa—F ORI, ZEHl—
INMLAAT
R LHERF)

(EFE]

HEZIIBTAERTY Vo —FORRLEMBEMELZ, HELMAZBIOREFOERT 7e—F L0
g, EEBE TSI Ialb—TarOlREL LIZHALNITD. Fi, EBRIZEREZITHIC
Bl TRARBR AL Ea—F{bOEFT EEHFTIZOWTEN, ¥ =225 4 L LTARFFE 0y
=7 FOBR T o 22T 5.

F—U—F: EBRERKF F—IvrvIal—vay, MEFHEESR, BERIToEX, asa—
B & T FEERR

1. IXLHIZ

IHNETHERFE, EHEINEERBHKZ2NWED, EmoBRNTE W) &5
b T& 7. ZoaSRFIcxT 5 TE# 23, maIlEZb>2oh 5. 2002 FED ) —
~OVRREFEIL, BREFICERN B A RA L2 B & LT, Vernon Smith & Daniel
Kahneman (252 5=, ooz LI28MEn5 k510, 8RR k2 ICERITE
MWIRED Z EIEMEWRWEA S, 128, haPIcB T, ERES OHREFETER
IR ENTWVWD LIFE AT, HERICB T 5 EROER & MLEIEICONT, B
REMBOEENELN TV A DT TIEARWY. SHICE AT, ERE EFICHERFL, FMid
DHERICE R ) UNTVIXELEEERENATH 5.

AROBIE, FEREITI IO > TURERAXE, HRFICBTLERTWMZ D/ H
IREXMDBIG L ZOER, EBEOEMRICLER ) o NvEEETHZETHD. /U
VORFIZHIE ST, HRORLD 3 O0FEmAEDZ. FH2HTIE, HESFITBTLE
BOBZRIZOWVWTIRRS. FHIHTIE, ERICEREZZTTHICHIZ> TEHBRRAIKE R
Lielbnsarva—2FHICEALT, Y7 AEE~A T AH, EEICHDHa A MR
CLEBICa L Ea— X EHWEEREITIICHIZ > TH> TEBMLEND Z LE2BRRD.
BHBICE 4TI, SEHOBFENER a2 NEEGAE LT, EEOERKRE, £
VAT LB EEMICET S S E I ERBEBEIC OV TR,

HARZICERT 70 —F Wb 5 2 &T, ZNETRARETH > =R H S 01X
FETHD. LrL, ERIIEESETFEZ TARREE AR OREMEZ R OREICT 28t
FETIE AW, F72, EBRICO ) DR TR, RFHNaX MIERTHY, [HFREORK
FE) 2E258, DV EHOLPLMEEZERTNITNNES O DI TlERWV. HET
Y, W25 T2EBEBIC—2H LW — ¥ bolz] LMIRTRETHD, Z &
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2o TEL.

2. IR HEBRONME ST

HEFTIE TANADITAEZRRD ] BIZHWOND T e —F 38R EHENTLEALET
b, EBRE WO T T —FIFEFIIAT—ThHbH. 20D, R FHEICETDH 1T
Ta—F L LTEREZMEDSTINRL, ]9 2 LDHBRDIHRBIR M), ZHAETOT
Ta—FIZ VAR, ERTRERDH L. ZTORRIC, BEEMTHY, EBRT e
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